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Innovations in Agricultural Mechanization with Public 
Private Partnership (PPP Mode)

Dr. K. K. Singh
Director 

Central Institute of Agricultural Engineering, 
Nabibagh, Berasia Road, Bhopal

To meet the food security demand of ever growing 
population of India and to attain the projected 
demand of food grain, there is an urgent need 
to increase the farm power availability to at 
least 2 kW/ha. Shrinking resources of land and 
availability of human resources, owing to the 
pressure of population; the average size of land 
holding is getting even more fragmented over 
time. Moreover, under critical situations such as 
climate change, agricultural production would 
have to come mainly from enhancement in farm 
productivity in the existing cultivated area. We can 
only grow more food from less land, using fewer 
resources, by providing farmers with the innovation 
and the knowledge to use natural resources more 
efficiently. Increasing farm mechanization implies 
effective and timely utilization of these resources 
and therefore has become need of the hour to be 
promoted by innovative mechanism, such as Public-
Private Partnership (P-P-P) mode. This would bring 
more private players with refined and cost effective 
solutions of farm mechanisation. Private players also 
get benefitted from economies of scale and afford 
to offer complete crop solutions in a bid to capture 
potential market. Although India is the largest 
manufacturer of tractors in the world, accounting for 
one-third of the global production numbers, farm 
mechanisation in India is still to get momentum, with 
the average farm power availability in the country 
lower than in countries such as Korea, Japan and the 
US. Indian Council of Agricultural Research (ICAR) 
and State Agricultural Universities (SAUs) have 
developed several innovative farm mechanization 
technologies suitable for various crops and cropping 
systems. The Ministry of Agriculture is giving a 

major thrust to farm mechanization through its 
various schemes. A dedicated Sub-Mission on 
Agricultural Mechanization has been launched in 
the Twelfth Five year Plan, which includes custom-
hiring facilities for agricultural machinery as one of 
its major components. Its focus is on increasing the 
reach of farm mechanization to small and marginal 
farmers and to the regions where availability of farm 
power is low.

Infusion of technology
Agriculture needs infusion of technologies through 
mechanization, as there is scarcity of labour to 
undertake agricultural activities on time. The future 
of agriculture is dependent on penetration of scale-
neutral technologies. Farming needs turning to 
newer methods of optimising the output on their 
farms, including adopting newer technologies to 
save cost and time. Increased use of tractors and 
tillers and agricultural machinery five-fold signals 
the testimony to this fact.  The increasing cost of 
agriculture labour and upkeep of draught animals 
has also partly resulted in the greater adoption 
of tractors for farm operations. With newer farm 
techniques such as zero-tillage, raised-bed planting, 
precision farming, drip or sprinkler irrigation, the 
dependence on farm mechanisation has increased. 

Some of the innovative technologies
A number of innovative agricultural mechanization 
technologies have been developed by ICAR and 
SAUs for various crops that could be taken up 
for manufacturing and commercialization by the 
manufacturers. Some of these could be enumerated 
as inclined plate planters, pneumatic precision 
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planters, planting system for small seeds, seed ferti-
drill for two stage differential depth placement 
of fertilizers, transplanters for rice and vegetable 
seedlings, tractor drawn turmeric rhizome planter, 
tractor operated garlic planter, mechanized 
package for bud chipping machine, pre-emergence 
herbicide applicator cum planter, self-propelled 
sprayer, intra canopy sprayer, pomegranate spraying 
system, SRI power weeder, tractor operated three 
row rotary weeder, mechanized pruner for high 
density guava orchards, multi-purpose hydraulic 
platform for orchard management, onion harvester, 
power operated onion detopper cum grader, tractor 
mounted root crop harvester cum elevator, etc.  

Public-Private Partnership
New paradigm that has emerged in the recent years 
to address the problems and the potentials in a 
holistic manner is the Public-Private Partnership. 
The Public-Private Partnerships are viewed as the 
governance strategy to minimize transaction costs 
and co-ordinating and enforcing relations between 
partners engaged in production of goods and 
services. They enable an optimal policy approach 
to promote social and economic development, 
bringing together efficiency, flexibility and 
competence of the private sector with the 
accountability, long-term perspective and social 
interest of the public sector. Both the partners 
have mutual gains from such arrangements. 
Private benefits from the R&D are usually company 
gains from cost reduction, improved quality and 
increased quantity of sales’ products. They also 
relate to strategic goals such as market penetration, 
improved competitiveness and exploration of new 
markets or market power. Public benefits include 
a wide array of positive social, environmental and 
economic effects influencing livelihoods of ultimate 
beneficiaries. These could also be consumers 
involved in production, processing and marketing. 

Such collaboration would help reduce timeline 
for commercialization; and certain requisitions for 
such collaboration would be (i) the complete value 
chain should be addressed rather than just specific 
bottlenecks, (ii) empowerment of the institutions, 
(iii) clarity on non-disclosure agreement, (iv) set up 
joint helplines for new technologies for the benefits 
of farmers, (v) both parties to be at equal level and 
win-win situation, (vi) support social programmes, 
(vii) joint IPR in case of bi-lateral programmes/
projects.

The public-private partnership could be possible 
in the various area, like technology development 
process by having collaborative research projects, 
consultancy and contract research services, 
commercialization of products, technical high cost 
manufacturing support, skill development for all 
the stakeholders, etc.

The process of public-private partnership is  
increasing in the recent past; with several 
mechanisms placed in the Indian Council of 
Agricultural Research such as consultancy 
and contract services, commercialization of 
products and processes, and so on. A major step 
in this direction has been the recently formalized 
comprehensive guidelines for ‘Intellectual 
Property Management and Commercialization 
of Technologies’, enabling stronger partnerships.

Today in the age of rapid industrialization, agriculture 
sector has not been untouched as far as availability 
of modern farm technology is concerned. What 
is lacking is the adaptability of farmers towards 
these modern and innovative technologies. 
These technologies are expensive and certain 
amount of skill is required as far as their operation, 
maintenance and care is concerned. One must 
accept that generally our farmers are poor and have 
marginal land holdings. They have limited means 
and are not aware of the technological changes. All 
this adds up as a deterrent in the adoption of this 
technologically advanced equipment. Changing 
the mind-set of farmers to adopt new technologies 
is difficult. However, one should not blame farmers 
for not adopting these changes, rather offering 
simple and innovative equipment which do not 
require technical skills and are easy to operate and 
low maintenance is required. 

Commercialization of technologies by R&D 
institutions and their impacts
A good number of technologies have been 
developed by R&D institutions and commercialized 
in collaboration with private industries. These 
technologies have made large scale impact in the 
Indian agriculture. Some of these technologies and 
their impact are briefly described below.

ConoWeeder developed by CIAE, Bhopal has paved 
the way of adoption of the SRI method of rice 
cultivation in the rice belt of southern region. At 
present there are more than 14 manufacturers for 
this tool. In southern regions, the use of cono-weeder 
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in rice cultivation is more than 25% of the total area. 
The approximate number of cono-weeders used in 
Tamil Nadu, Karnataka, Andhra Pradesh and Kerala 
are 50000, 23000, 22000 and 7000, respectively.

Paddy drum seeder developed by AICRP on ESA 
(CIAE, Bhopal)- TNAU centre is used for uniform 
sowing of pre-germinated paddy seeds in puddled 
fields and has become popular because of its 
light weight and gender friendly ease of use. At 
present it is manufactured and sold by more than 
7 manufacturers from Tamil Nadu, Karnataka and 
West Bengal. An estimated 70,000 units of paddy 
drum seeder are used by farmers.

Laser land leveller developed by PAU, Ludhiana 
and CIAE, Bhopal is used for uniform levelling of 
fields with desired slight slopes which enhance 
use efficiency of water and fertilizer nutrients, and 
also improves the crop stand and yields. It has been 
highly successful for levelling paddy fields. More 
than 14 manufacturers from Punjab, Haryana, New 
Delhi and Uttar Pradesh manufacture about 4000 – 
5000 units per year. These units are being used on 
custom hiring basis to generate additional benefits 
for farmer.

Inclined Plate Planter developed by AICRP on 
FIM (PAU Ludhiana centre) and CIAE Bhopal is a 
multi-crop planter used for planting bold and small 
seeds at uniform spacing. It is presently being 
manufactured by 5 private manufacturers who 
have sold more than 100,000 units till date.   It has 
direct impact on increasing productivity of crops 
by maintaining recommended plant population in 
field achieved through uniform planting of seeds.

Multi-crop Thresher developed by PAU, Ludhiana 
and CIAE, Bhopal is suitable for threshing multiple 
crops viz. wheat, maize, sorghum, gram, soybean, 
pigeon pea and sunflower is very popular among 
farmers. The original design and its variants are 
being manufactured by more than 50 manufacturers 
across India. More than 70,000 to 80,000 units are 
being manufactured every year.

Hand tools, like serrated sickle, tubular maize 
sheller and groundnut decorticator, developed 
by CIAE, Bhopal are being manufactured by more 
than five private manufacturers and prototype 
production centre of CIAE. Approximately 4 lakh 
units of serrated sickle, 5 Lakh units of tubular 
maize sheller and about 10000 units of groundnut 
decorticator have been sold. These hand tools are 
easily adopted by many farmers because of their 

low cost and effective design and are therefore in 
continuous demand.

A case of consultancy project with industry
CIAE worked on the consultancy projecton 
Development of tractor operator’s work place layout 
based on ergonomical considerations.The impact of 
this technical support to industry is that one leading 
tractor manufacturer has adopted findings of the 
study on its Deluxe model of tractors. The work 
place layout of a tractor of another manufacturer 
was also studied and suggestions were given for 
modification of workplace of the tractor under a 
consultancy project. The manufacturer has also 
adopted some of the design recommendations on 
newly launched tractors. The benefit of improved 
tractor seat design and operator workplace layout 
will be in terms of less occupational health problems, 
reduced drudgery and lower number of sick days of 
tractor operators. The recommendations are being 
adopted by the BIS to revise IS 12343 (1998), IS 
8133 (1983) & IS 10703 (1992) standards. The total 
benefit per year through improved seat design 
and workplace layout on 70,000 tractors will be 
approximately Rs. 3.5 crore per annum.

Initiatives of Government of India in Farm 
Mechanization 
Various initiatives have been started by the Govt. 
of India to increase the farm mechanization level of 
the country. National Food Security Mission and 
Rashtriya Kriski Vikas Yojana and Sub-Mission 
on agricultural mechanization are the latest 
examples of the initiatives.  Under these initiatives, 
sufficient food grains to fulfil the daily needs of grass 
root level people are being ensured. Crop specific 
and region specific machinery has been introduced 
through RKVY. The sub-mission on agriculture, one 
of the biggest program by government of India 
to boost the level of mechanization in country 
has been introduced. It includes training, testing, 
demonstration, financial assistance for procurement 
of agriculture machinery & equipment, farm 
machinery banks for custom hiring, Hi-tech, high 
productive equipment hub for Custom Hiring, 
promotion of farm mechanization in selected 
villages, assistance for mechanized operations, 
promotion of farm machinery & equipment’s 
in North–Eastern, exposure visits, ensuring 
performance testing and certification at designated 
testing centers located all over the country.
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Conclusions
In order to achieve faster growth in agriculture, 
the role of mechanization is significant. Some of 
the agricultural machinery developed by R&D 
institutions of India have penetrated to the farmer’s 
field and made large scale impact. However, a 
large number of such technologies are still waiting 
for adoption and commercialization. On the 
other hand, farmers are looking for suitable and 
affordable agricultural machinery for various crops 
and cropping systems. This gap could be bridged 

by involving private agencies and manufacturers 
under Public-Private Partnership mode where all 
the stakeholders in the value chain could exchange 
their thoughts and formulate strategy to ensure 
timely availability of the machinery at the affordable 
cost. This mechanism could be adopted in various 
areas of mechanization such as collaborative 
research projects, consultancy and contract 
research services, commercialization of products 
and processes, technical high cost manufacturing 
support, skill development, etc.   
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Introduction
Indian agriculture employs about 55% of total 
work force and contributes to only 14% in GDP 
of our country which makes farming in India less 
remunerative. The average farm size in India is small 
(1.15 ha) and small and marginal land holdings 
(less than 2.0 ha) account for 85% of land holdings. 
Mechanizing small and non-contiguous group 
of small farms is against ‘economies of scale’ for 
individual ownership of farm machinery. The labour 
availability in agriculture is going to be reduced to 
41% of total workforce in 2020 (Mehta et al., 2014). 
With no possibility of increase in net cultivated area 
and diminishing farm labour availability, intensive 
agriculture with higher input use efficiency coupled 
with soil health management practices and better 
value addition to produce in production catchments 
is essential for the growth of Indian agriculture in 
near future. 

Presently, the farm machinery in India is being 
used primarily for production of food crops like 
cereals, pulses and oilseeds. Mechanization of 
Indian agriculture has increased considerably and 
reached to an overall mechanization level of 40-45% 
during the recent past. Large number of manual, 
animal drawn, self-propelled, power tiller and 
tractor operated equipment and machinery have 
been developed and are commercially available 
for carrying out different farm operations in major 
crops. The present trend is towards use of high 
capacity and energy efficient machinery such as 
laser guided land leveller, rotavator, planters, zero 

till drill, self-propelled rice transplanter, threshers 
(multi-crop and paddy) and combine harvesters on 
custom hiring. 

Emerging Trend in Farm Mechanisation
The widely fragmented and scattered land holdings 
in many parts of the country need to be consolidated 
to reap benefits of agricultural mechanization. 
There is a need to innovate custom service or 
a rental model by institutionalization for high 
cost farm machinery such as combine harvester, 
sugarcane harvester, cotton picker, potato combine, 
paddy transplanter, laser guided land leveller, 
rotavator etc. to reduce the cost of operation and 
can be adopted by private players or state or Central 
Organizations in major production hubs. The farm 
machinery bank may be established for machines 
being manufactured elsewhere in the country to 
supply in low mechanised region on custom hiring 
basis. 

Precision agriculture using GIS/GPS techniques for 
region specific crop planning, controlled precision 
application of inputs (seeds, fertilisers, chemicals, 
water, etc), conservation agriculture for carbon 
sequestration, multi-functional farm equipment to 
conserve energy and to reduce turnaround time, 
farm machinery management, application of drones 
in agriculture, occupational health hazards and 
safety on the farms, application of sensors, micro-
processor and computer in agriculture are some of 
the areas that need more attention in future.The 
important future thrust areas for mechanisation of 
Indian agriculture are as follows.

Trends of Innovations in Agricultural Mechanization
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Conservation agriculture for carbon 
sequestration
         Food and Agricultural Organization (FAO) of the 
United Nations defines conservation agriculture (CA) 
as a concept for resource saving of agricultural crop 
production that strives to achieve acceptable profits 
together with high and sustained production levels 
while concurrently conserving the environment 
and minimizing or eliminating manipulation of the 
soil for crop production. CA is characterized by three 
sets of practices which are linked to each other, 
namely;

1.  Continuous no-or minimal mechanical soil 
disturbance (minimum/zero tillage);

2.  Permanent organic matter soil cover, especially 
by crop residues and cover crops;

3.  Diversified crop rotations in the case of annual 
crops or plant associations in case of perennial 
crops, including legumes.

Zero tillage farming on 1.2 million ha of Indo-
Gangetic plains reportedly saved 360 million m3 
water. The zero-till drill (Fig. 1) is similar to that of 
the conventional seed cum fertilizer drill except 
that the furrow openers are of specially designed 
inverted ‘T’ type which creates furrow grooves with 
reduced surface exposure to maintain humidity for 
better emergence of seedlings. Investigations have 
revealed that compared to conventional sowing of 
wheat, zero-till-drilling saved 70 per cent sowing 
time and 64 per cent cost of seeding operation with 
overall increase in benefit of 20-25% in black soil. 
The system is more effective in situations where 
late harvesting of rice compels delay in planting of 
wheat.

The happy seederhas been designed for sowing in 
the residue condition (Fig. 2).It checks the burning 

of rice residue after combine harvested field, which 
saves the environment pollution. The crop residues 
are spread on the surface of the sown field after 
chopping by happy seeder. The machine provides 
the mulching after sowing wheat, which gives 
added advantages of conserving the moisture and 
reducing the number of weeds. 

Fig. 1. Zero till drill is in operation in black soil.

Fig. 2. Happy seeder in operation

CA can reduce the emissions by use of fossil fuels 
up to 60 per cent as compared to conventional 
agriculture. In addition to this, the use of fertilizer and 
agrochemicals can be reduced in the long term by 20 
per cent. This would reduce the emissions resulting 
from the production of these inputs. However, the 
largest contribution to mitigate climate change 
with CA can be obtained from carbon sequestration 
and the storage of atmospheric carbon into the soil. 
Even the emissions of other greenhouse gases such 
as methane and nitrous oxides can be reduced by a 
change of the cropping practices to CA. 

Mechanization of Horticultural Crops
India is the second largest producer of fruits and 
vegetables in the world. It produces nearly 15 
percent of world’s vegetables and 12 per cent of 
fruits. It accounts only for 1.7 per cent of the global 
trade in vegetables and 0.5 percent in fruits. During 
the last decade, there has been a tremendous growth 
in the area under horticultural crops. Horticulture 
accounts for 30% of India’s agricultural GDP from 8.5 
percent of cropped area. Similarly, the production of 
horticultural crops has also nearly tripled from 97.83 
million tonnes in 1991-92 to 283.50 million tonnes 
in 2014-15. Horticultural crops present a great 
diversity in terms of morphology, agronomy, plant 
protection, nutrition, reproduction, microclimate, 
and utilization. There is a shortage of appropriate 
machinery for field preparation, plant protection, 
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canopy management, weeding, interculture, etc. 
Critical operations such as transplanting, earthing 
up, pruning, picking/harvesting etc are generally 
carried out manually and are not only time 
consuming but also involve a lot of drudgery. 

The seedbed preparation/tillage operations for 
cultivation of different horticulture crops (fruits 
and vegetables) are more or less mechanized 
and equipment for different power sources and 
operations are available. Equipment like MB plough, 
tine cultivator, disc harrow, ridgers, furrowers, 
bed formers, levelers, post hole diggers, etc. are 
commercially manufactured. A tractor operated 
check basin former has been developed by MPKV, 
Rahuri with the help of M/s BhansaliTrailorsPvt. Ltd., 
Kopargaon (Fig. 3). It scrapes, collects and distributes 
the collected soil uniformly to form check basins of 
2x6 m size. The cost of the equipment is Rs. 65,000/- 
(approx.). 

increase in yield for vegetable and fruit crops. For 
mechanizing, the plastic mulch laying for vegetables, 
a tractor operated plastic mulch laying machine has 
been developed at CIAE, Bhopal suitable for laying 
of plastic film. 

The vegetable crops are sown both by seeding and 
transplanting. Direct seeding of vegetable crops is 
mostly done manually except for crops like pea, okra, 
beans, etc. having medium or large size seeds which 
can be easily sown with the help of seed drill or 
planters. Several designs of seed drills and planters 
with mechanical/pneumatic seed metering systems 
have been developed and adopted for sowing of 
vegetable crops like pea, okra, beans, etc. For direct 
sowing of small seeded vegetable crops having 
very low seed rates like onion, etc., mechanical/
pneumatic planting systems are beingadopted/
developed. A six row tractor operated small seed 
planterfor sowing small seeds (onion) at 150 mm 
row spacing and adjustable plant to plant spacing 
was developed at PAU, Ludhiana (Fig. 4). The field 
capacity and cost of operation are 0.16 ha/h and 
Rs. 5090/ha, respectively. There is a saving of 50% in 
cost of operation and 81% in labour requirement as 
compared to traditional method.

Fig. 3. Check basin former.

Fig. 4. Six row small seed planter.

Mechanized cultivation of nursery is generally 
required for raising and supplying seedling for large 
scale transplanting. The unit operations such as 
preparation of soil, seed and trays/mats, spreading 
of soil, water application, sowing of seeds, covering 
the mats, handling/conveying of trays etc. are 
mechanized to ensure uniformity and quality 
operations. The system essentially consists of soil 
crusher, soil manure mixer, soil sieve, soil acidity 
detector, conveyor belt, sprout promoting machine, 
water pump, dehydrator, sowing plant, automatic 
seedling box, automatic seed supplier, seeding 
conveyor (with watering function), germination 
units, automatic seedling box stacker and growing 
chamber. 

Plastic mulching has been found to be useful for 
moisture conservation, reduction of weeds and 

Potato planters both semi-automatic and automatic 
types have been developed and are commercially 
available. A manual, animal and tractor operated 
garlic planters have been developed at PAU, 
Ludhiana and MPUAT, Udaipur. The tractor rear 
mounted turmeric rhizome ridger planter has been 
developed by TNAU, Coimbatore (Fig. 5). It consists 
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of 3 ridger bottoms and planting mechanism for 
planting on one side of the ridges in one pass. The 
effective field capacity of the unit is 0.15 ha/h and its 
cost is Rs. 45000/- (approx.). 

commercially available. However, their adoption 
level is still low. The latest development in the 
spraying scenario is the aero-blast sprayers, air 
sleeve boom sprayer and tall tree sprayer suitable 
for trees up to a height of 20-25 m. Effective and 
precise spraying of chemicals in orchards and on 
tall trees in plantation crops is another area needing 
attention of researchers.

Pruning, budding and grafting are some of essential 
operations in fruit crops. Several improved tools 
have been developed and are commercially 
manufactured. Power chain saws are commercially 
available but they are still not widely adopted. 
Pruning in medium and tall trees is still a problem. 
Hydraulic and pneumatic pruners, available abroad 
need to be introduced in the country.

Harvesting of most of vegetable crops like tomato, 
chilli, peas, brinjal, okra, beans, etc. is manual due 
to selective and multi-stage harvesting/picking of 
fruits. As such no equipment / tools are available for 
these crops suiting to present harvesting practices 
followed by the farmers. For harvesting of root 
crops like potato good design of harvesting and 
windrowing equipment are available. Harvester/
diggers needs to be adopted for harvesting of 
onion, carrot, rhizomes (ginger, turmeric, etc.) and 
other crops. 

Fig. 5. Turmeric rhizome planter.

Fig. 6. Self-propelled hydraulic platform.

Transplanting of seedlings of vegetable crops is 
carried out manually. Tractor operated two-row 
semi-automatic vegetable transplanter suitable 
for bare root seedlings have been developed at 
CIAE, Bhopal and PAU, Ludhiana. Tractor operated 
vegetable transplanters for cup type seedlingshas 
been developed at TNAU, Coimbatore and IIHR, 
Bangalore are under limited commercialization 
and need further popularization. An effort is being 
made for development of automatic onion seedling 
transplanter at CIAE, Bhopal.

Transplanting of fruit and plantation crops involves 
digging of pits or trenches and placement of 
seedlings. At present these operations are carried out 
manually. Tractor, power tiller and engine operated 
posthole diggers are commercially available. 

For weeding and interculture operations, a variety 
of manual hand tools, bullock drawn and power 
operated equipment have been developed, which 
are ergonomically designed for maximum operator 
comfort and are commercially available. Appropriate 
tools and equipment needs to be adopted/
popularized among the vegetable growing farmers. 
Power weeders, both sweep and rotary types have 
been developed for vegetable crops.

Preparation of basins around orchard trees for 
manuring and fertilizer application needs to be 
mechanized as operations are carried out manually. 
Power tillers with rotary are useful for these 
operations and need to be demonstrated and 
adopted.

Sprayers and mist blowers for orchard crops are 

Most of the other horticultural fruit and plantation 
crops are harvested by manual picking all over the 
country. Manual tools/aids for harvesting of fruit 
and plantation crops have been developed and 
need to be adopted. Power/hydraulically operated 
elevated platforms are being tested for harvesting 
of fruits from tall trees. TNAU, Coimbatore has also 
developed an efficient coconut climber. A self-
propelled (8.2 kW petrol engine) multi-purpose 
hydraulic system has been developed by CIAE, 
Bhopal (Fig. 6). It is useful for harvesting, pruning 
and spraying of fruit crops like mango, sapota and 
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citrus. The cost of machine is Rs. 6,50,000/- (approx.).

Futuristic approach for mechanization of harvesting 
of fruit crops would be to develop sensor based 
equipment with machine vision.

Precision farming for enhanced input use 
efficiency
Resource management problems in important 
cropping systems like rice-wheat, soybean-wheat 
etc. are complex and vary greatly among farms 
and in various agro-eco-regional levels. Due to 
variability in placement of agricultural inputs or 
low efficiency of agricultural inputs, farmers tend 
to apply additional quantity of agricultural inputs, 
thereby increasing the cost of production and raising 
environmental concerns. Improvement in efficiency 
of agricultural inputs’ delivery systems needs to be 
addressed through appropriate mechanization. The 
seed rate variability has been reported up to 20-25% 
in conventional seed drills. However, comparable 
yields were obtained with the use of incline plate 
planters and pneumatic planters using lower seed 
rate, thereby, saving costly seeds. 

Farms in developed countries now have tractors 
with built-in navigation and sensors, monitoring all 
macroscopic and microscopic elements in the field. 
John Deere has also launched JD Link - a telematics 
service using mobile phone technology to provide 
significant information about a farm operation on 
Indian tractors. Customers can monitor, track and 
capture details on the performance of individual 
tractors, including usage patterns, service timings, 
theft alerts, and an acreage meter to calculate the 
size of an area.

Water is the most critical agricultural input and 
increasing shortage of water is leading to an 
emphasis on developing methods of irrigation 
that minimize water application or maximize 
the water use efficiency. The advent of precision 
irrigation methods such as trickle/drip irrigation has 
played a major role in reducing the water required 
in agricultural and horticultural crops, but has 
highlighted the need for new methods of accurate 
irrigation scheduling and control. Real-time soil 
moisture based irrigation scheduling is a new 
approach, where the irrigation scheduling system 
determines the required input for the system control 
algorithms. This results in 15-20% saving of water. 

Indian farmers are using mobile phone-based 
remote technology to control water flow in pumps, 

resulting in significant water savings and overall 
cost reduction. The Indian company Nano Ganesh, 
Pune enables farmers to us their mobile phone turn 
water on and off by remote control, which is a great 
way for farmers to save water, money and time(Kern, 
2016).The biggest hurdle is the fact that many farms 
are not yet connected to the cloud. 

The soil characteristics such as nutrition levels, 
phosphorous and nitrogen levels etc. vary from 
one part of the field to another. Smart technologies 
enable stake holders such as fertilizer manufacturers, 
seed salesmen and crop consultants to analyze 
this variable data easily and advise farmers on 
optimizing their farming practices to produce 
better yield and reduce wastage.  These data help 
to create precision maps and upload soil data, yield 
data and aerial imagery into systems (Anonymous, 
2016 a). Research is being done into combining 
data driven technologies with farming algorithms 
to help farmers get instant notifications about their 
crops. For instance, farmers have instant access 
to information about, for instance, phosphorus 
availability, enabling them to make smarter 
decisions about fertilizer application. 

A GPS based variable rate fertilizer applicator (VRFA) 
was developed at CIAE, Bhopal and IIT, Kharagpur. 
It consisted of a differential global positioning 
system (DGPS), micro-processor, micro-controller, 
DC motor actuator, power supply, threaded screw 
arrangement and fluted roller metering mechanism 
(Fig. 7). The fertilizer application rates were varied 
by changing the fluted roller exposure length. 
The system accuracy was close up to 15% of the 
recommended rate for grid resolution of 8×8 m. The 
fertilizer application accuracy ranged from 89.3% to 
98.1% at various discharge rates.

A great example of precision technology is the 
N Sensor.  It has a cab-mounted tool equipped 
with sensors at the end which analyze the color 
of growing crops. It can estimate the chlorophyll 
content, nitrogen requirement and other details. 
These sensors relay this information to a sprinkler 
system that will then spray the right amount of 
fertilizer on that part of the field.

Pesticides are another costly agricultural input, 
which has raised environmental concerns. More 
than 55% of technical grade pesticide is applied in 
crops like cotton followed by fruits and vegetable 
crops. Introduction of genetically modified crops 
like Bt-cotton and Bt-brinjal have addressed the 
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issue to some extent. However, with prime concern 
of safeguarding the produce coupled with use 
of inefficient spraying system has led to higher 
application rates (600-1000 l/ha). Innovative 
spraying equipment such as air assisted sprayers, 
ULV sprayers, ultrasonic sensor based sprayers 
(Fig. 8), canopy sprayers and electro-static sprayer 
can improve the efficacy of spray. This will reduce 
the application rate as well as number of sprays in 
field and horticultural crops, thereby, reducing the 
pesticide requirement, hazards of over application 
and reducing the pollution of soil and ground water.

Pomegranate spraying system based on ultrasonic 
sensors equipped with sensor, programmer and non-
return valve has been developed at IIT, Kharagpur. It 
has an effective field capacity of 0.9 ha/h. The cost 
of the machine is Rs. 3.5 lakh. The saving of liquid 
varies from 25-30% and 45-50% with turbo nozzles 
and hollow cone nozzles, respectively.

Unmanned Autonomous Vehicles for 
Agriculture
The unmanned autonomous vehicles (ULVs) are of 
two types viz unmanned ground vehicles (UGVs) 
and unmanned aerial vehicles (UAVs). Within the 
next couple of years, unmanned autonomous 
vehicles (ULVs) such as unmanned ground vehicles 
(UGVs) and unmanned aerial vehicles (UAVs) will 
help farmers and extension services to improve 
agricultural production systems.

Drones are essentially unmanned aircraft, formally 
known as Unmanned Aerial Vehicles (UAVs). The 
flight of UAVs may operate with various degrees of 
autonomy: either under remote control by a human 
operator, or fully or intermittently autonomously, 
by onboardcomputers. They originated mostly in 
military applications, although their use is expanding 
in commercial, scientific, recreational and other 
applications, such as policing and surveillance, 
aerial photography, agriculture etc. Drones will be 
used for monitoring pests and diseases, calculating 
crop health status, identifying weeds in real time, 
targeted application of fertilizers and pesticidesetc. 
Drones can help the insurance industry monitor 
and mitigate risks, accurately assess risk, respond 
quicker in distress situations and reduce fraudulent 
claims.Some examples of applications of drones are 
given below.

Swiss drone maker SenseFly is aiming at helping 
agriculture from the air by deploying drones 
powered by patented software to capture high-
resolution pictures of fields.  With these images, 

Fig. 7.  Components used in GPS based variable rate granular fertilizer applicator

Fig. 5. Ultrasonic Sensor based sprayer
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farmers will be able to analyze crop health and take 
informed decisions. 

Rallis India, Tata Consultancy Services, Tata Elxsi 
and the GTIO together are developing a solution 
in the area of UAVbased delivery of crop protection 
products and crop insurance. It will help in 
minimising wastage and conserving water, thus 
boosting efficiency in the entire value chain and 
providing crop insurance. 

Weather forecaster company Skymet conducted a 
pilot project in parts of Gujarat in India to map the 
groundnut crop along with Agriculture Insurance 
Company (AIC). Skymet, along with the AIC and 
Gujarat government, used satellite remote sensing 
technologies and drones across 10 villages in Morbi 
district of Gujarat to monitore the agriculture area 
and crop yield. The data could help AIC in giving 
farmers claims (Sally, 2015). 

Bengaluru based TartanSense, provides services 
of UAV’s use in agriculture (Cloud-based Image 
Stitching, Field Health Maps, 3D Elevation Maps, 
Tree Counting, NDVI Analysis). TartanSense is 
currently developing prescriptive reports that 
entail irrigation recommendation, fertilizer and 
pesticide recommendation and land clearing 
recommendation for new plantations with  
an emphasis on eco-preservation (Anonymous, 
2016 b).

Carving Notions Technologies Pvt Ltd., Hyderabad 
based technology company is working with 
University of Agricultural Sciences, Raichur to 
develop farmer friendly drones to cater the 
agricultural needs. This research is initiated to 
develop drones that can spray liquid form pesticides 
on crops and taller tree farming like coconut farms. 

A farmer in Chhattisgarh state has purchased a 
drone for spraying pesticide on his farm due to 
shortage of labour (Fig. 9).

Conclusions
The present trend in agricultural mechanization is 
for high capacity machine to be used on custom 
hiring and for contractual field operations. The 
mechanization of rice, sugarcane, cotton, potato, 
horticultural crops, precision farming, and 
conservation agriculture are new emerging areas 
which need greater attention. Potential exists for 
export of farm equipment to other developing 
countries. The quality therefore needs to be ensured. 
The tremendous potential of growing fruits and 
vegetables in the hill agriculture calls for developing 
appropriate technologies for mechanizing hill 
agriculture.Precision agriculture for enhanced input 
use efficiency, conservation agriculture for carbon 
sequestration, farm machinery management, 
occupational health hazards and safety on the farms 
and application of sensors, micro-processors and 
computers in agriculture are some of the areas that 
need more attention in future.In future, agriculture 
is expected to be dominated by precision and cloud 
data and supported by advanced infrastructure 
like smart tractors, unmanned aerial vehicles and 
wireless technology. There is a need to simplify 
these technologies to rudimentary levels and made 
themcost-efficient for maximum acceptance.

In near future, we may have crop scouts inspecting 
plants and removing weeds, weather intelligent 
sprayers, drones monitoring cultivable fields and a 
central hub for data to be relayed and analyzed to 
help farmers make informed decisions. Some niche 
technologies like N Sensor are still only accessible to 
large firms in developed countries. The complexity 
of precision technology has made it expensive 
but a more wide-spread demand in the future will 
eventually result in a reduction in costs. Farmers 
are also realizing the importance and benefits of 
precision farming and are trying to implement the 
available technologies wherever possible. 

Fig. 5. Unmanned Autonomous Vehicles for Agriculture
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Overview of Agreements in R&D and Technology Transfer

Ravinderjit Singh, Chief Executive Officer, Agrinnovate India Limited.

About Agrinnovate India: 
Agrinnovate India Limited, a government of India 
enterprise under the administrative control of 
Ministry of Agriculture and Farmer welfare acts as 
an effective interface between Indian Council of 
Agricultural Research (ICAR) on one side and the 
stakeholders of agricultural sector on the other side 
for a significant purpose of securing, sustaining and 
promoting agricultural development. 

ICAR is the apex body for coordinating, guiding 
and managing agricultural research and education 
in India through National Agricultural Research 
System (NARS) comprising 100+ ICAR Institutes and 
70+ State Agricultural Universities. AgIn derives its 
strength from scientific and technical backstopping 
from NARS. 

Arena of strategic units of AgIn

Technology Management and Licensing 
yy To share the technologies developed by 

NARS with the global world through their 
commercialization by protecting and managing 
the intellectual property.

Consultancies and Contract research
yy To provide the technical expertise and 

knowledge available with scientist of ICAR to 
National and International clientele in the form 
of assistance for problem solving or to identify 
and manage new opportunities. 

Strategic Collaborations and Turn-key projects 
yy To undertake initiatives for fostering 

partnerships by extending NARS’s expertise and 
specialization to the market needs.  

Human Resource Development and Capacity 
Building 
yy To enhance the knowledge, skills and attitude 

of the human resource in agriculture and allied 
sector includingengineering interventions of 
farm mechanization, value addition and energy 
management in production and post-harvest 
operations,natural resource management, 
agribusiness, farming system etc, through 
training and customized capacity building 
programs at National and international level.

Market Research and Marketing 
yy To explore and develop new vistas for PPP by 

conducting market research and marketing for 
commercialization of NARS technologies and 
to identify market requirements in different 
segments for market oriented R&D.

Agrinnovate India Limited aims to nurture the entire 
innovation ecosystem in agriculture research and 
provide a platform for achieving the socio-economic, 
business, individual, institutional requirement 
related to agriculture and allied sectors. 

Overview of the topic: 
Innovation and intellectual property are essential 
to technology-based research and development 
projects. Technology transfer is the all-important 
juncture between science and business, where 
technology and innovation are developed into 
commercially viable cutting-edge products which 
are sought-after in today’s rapidly evolving markets. 

Why knowledge and understanding about 
agreements is necessary? 

The cross-border dimension of R&D and technology 
transfer often involves a variety of entities and 
can result in multi-layered relationships involving 
complex legal, commercial or management issues.

Decisions relating to IP ownership and use of 
research results in both the R&D and the subsequent 
commercialization phases need to be taken at an 
early stage.
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The successful development and commercialization 
of technology requires careful drafting of research 
and development (R&D) contracts and subsequent 
agreements, which shall take care of choice on 
clauses which may be considered in negotiations 
at different stages of R&D and technology transfer 
processes.

Managing technology transfers by agreements 
requires knowledge and understanding on vital 
issues such as issues pertaining to associated 

IP, applicable laws and the appropriate dispute 
resolution mechanisms in order to ensure success 
for all. A strategy to manage risks and to resolve 
any potential disputes in R&D collaborations and 
their subsequent commercial exploitation through 
agreements, therefore, is significantly important. 

The speaker will provide an Overview of Agreements 
in R&D and Technology Transfer including 
research and development contracts, material 
transfer agreements and licensing agreements. 
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Transfer of Technology from Lab to Commercial 
Manufacturing -Issues and Solutions

Indra Mani  and Tapan Kumar Khura 
Division of agricultural Engineering 

ICAR-Indian Agricultural Research Institute , New Delhi

Introduction
Technology transfer is the process by which 
innovations and inventions are developed into 
practical and commercially relevant applications 
and products. Technology transfer implies the 
movement of technological knowledge; skills etc. 
from the site of generation to the user (Mittelman 
& Pasha, 1997). The case of the “Green Revolution” in 
India shows that technology is a form of knowledge 
created by humans, and knowledge transfer occurs 
as the outcome of a set of learning experiences 
(Parayil, 1992). 

Innovations, discoveries and inventions are aimed 
at successful outcome, however, in reality only very 
few of it is successful. Technology Transfer (TT) is an 
important resultant or a spinoff of successful project 
completion.  Technology transfer from research 
organisations to industries has been well established 
and documented also. Technology transfer is a 
lengthy, complex and dynamic process. A number of 
issues originating from different stakeholders play 
important role in its success.  There is strong need to 
identify these issues so that these can be addressed 
comprehensively and stake holders can understand 
and manage the TT process effectively. The present 
study is an attempt to identify the various factors 
that influence the successful technology transfer 
from public funded R&D institutions to industry in 
the Indian context. 

Issues in Technology Transfer
Technology transfer (TT) mechanism in our country 
is not at par with the other developing countries 
especially when techno intensive industries are 
concerned. There are a number of issues that 

keep on emerging related to technology transfer 
such as: high cost, appropriateness, obsolescence 
of technology, over dependence on foreign 
technology. Country also lacks in macro-economic 
environment, university-industry collaboration 
and proper infrastructure for enabling smooth 
processing of TT.

Presently technology transfer mechanisms from 
public funded research organisations to industry 
take place through special cells or departments 
such as Antrix of ISRO and C-Tech of DRDO,CSIR-
Tech by CSIR, ZTM & BPD unit by ICAR. Then, TT 
is also facilitated through various organisations 
which act as an interface between research 
organisation and industry such as National Research 
Development Corporation (NRDC) and Biotech 
Consortium India limited (BCIL). There is no doubt 
that the current mechanisms are not sufficient to 
timely transfer of technologies from public funded 
research organisations. TT has no fixed time lines, 
thus there is a mismatch of expectations from both 
scientists and industries. There is a urgent need for 
improvement especially in technology intensive 
sectors through structuring a suitable policy in 
the following areas where constraints are felt by 
scientists and industries: 

yy Technology licensing

yy Export of technology

yy IPR management Intellectual Property 
protections

yy Non-existence of innovation facilitation centres 
in universities

yy IP formulation for academics and industry

yy IP landscaping

yy Creation of Indian technologies database
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Some issues that are of concern to most stakeholders 
include:

yy Lack of technology demonstration and 
acquisition facilities

yy Support to technology in infancy stage

yy Pilot plant facilities 

yy Impatient management in industries

yy Resource allocation 

Barriers to Technology Transfer
Technology transfer is a four stage process, consisting 
in acquisition, learning, adaptation and diffusion. 
The process of technology transfer to developing 
countries may also encounter major obstacles 
in the phases of learning and adaptation. There 
are two types of problems - firm-level problems 
that derive from the specific characteristics of a 
firm, and systemic problems that derive from the 
environment in which firms operate.

a. At the firm level, possible barriers to technology 
transfers include:

yy incomplete knowledge about all ranges of 
technological alternatives;

yy inability to identify the technology that best 
suits its needs;

yy limited access to finances; 

yy inadequate workforce skills and mechanisms for 
their upgrading;

yy slower pace of technological development in 
downstream or upstream firms that inhibits the 
upgrading of technology;

yy organizational rigidities within firms. 
b) At the systemic level, barriers to technology 

transfers may include:

yy lack of access to information on new 
technologies and innovations; 

yy market distortions, including barriers to trade; 

yy lack of education and skills; 

yy ineffective institutions for carrying out R&D;

yy Universities and research institutions 
disconnected from the needs of industry; 

yy inadequate development of the financial and 
insurance markets; 

yy lack of resources, knowledge and capabilities 
within policy institutions; 

yy regulatory constraints.

Possible Solutions:
Policies get changed or revised from time to time 

for better technology transfer mechanisms. But, 
fine tuning of policy parameters is required to put 
in place a suitable mechanism for IPR management 
and intellectual property protections. The evidences 
indicate that the constraints faced by public funded 
research organisations can be solved only through a 
long term strategy of development. Some possible 
solutions in this regard may be:

yy Specialized, skilled personnel are a critical factor 
in the overall negotiations with the industry 
particularly in technology intensive sectors

yy Technology transfer offices should be headed 
by professional techno-managers in place of 
scientists

yy A gradual strategy of learning by doing and 
accumulation of corporate skills is important for 
smooth and timely technology transfers. 

yy Explicit display of in-house technologies 
developed in the research organisation to 
industry is necessary.

yy Top management will to emphasize the full and 
effective transfer of technology.

yy Management should ensure that public funded 
research organisations are endowed with 
professional techno-management staff with 
previous experience in business development 
in order to facilitate and shorten the learning 
process of scientists.

yy Government policies and regulations for 
technology transactions need to be reformed 
for easing the whole process.

yy Industry should be involved right from the 
beginning of research leading to development 
of technology and further to technology 
demonstration. Research organisation and 
industry should remain in touch at all future 
stages also such as prototype development, 
pilot scale testing and commercialization. 

yy Patent facilitation cells should be created in all 
the public funded organisations and scientists 
should be made aware of such facilities which is 
lacking in many organisations.

yy Industry-institute linkages should be 
strengthened by frequent interactions among 
research scientists and industry. These may 
be done through brain storming sessions with 
industry, problem solving discussions and 
combined workshops etc.

yy The transfer of engineering technologies 
is not feasible without involvement of the 
manufacturers. Two prong strategy has been 
adopted by the Division- first transfer of the 
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technology through RFS model – which is 
for certain initial period normally five years. 
This helps in  creating awareness about the 
technology and to make  the farmers understand 
the usefulness and advantages of technologies 
through institutions and state government 
extension mechanism.  The next stage is 
involving the manufacturers for providing 
the technologies to farmers as per the market 
demand. This is the actual mechanization stage. 
Under the project an effort was made to make 
ready the manufacturers to purchase license of 
some of the useful technologies. 

yy The Revolving Fund guideline formulated in 
the year 1996 basically related to A.P. Cess Fund 
Scheme. The said guidelines were modified in 
the year 2009 vide Council’s letter No. 6(4)-2007 
dated 7th July, 2009. In the Division of Agricultural 
Engineering the technologies developed by the 
Division disseminated to the user through RFS. 
The RFS abridges the gaps between availability 
of technology and usability. A need was felt that 
technologies developed by research institutions 
should have “Business plan model” along with 
potential for commercialisation to facilitate 
adoption by manufacturers.

Conclusions
The successful transfer of technology can be achieved 
by generating new innovations. Technology transfer 
should not be seen as an end in itself. It is a means to 
increase the rate of technological innovation and to 
stimulate new innovation. Thus, today’s recipients 
can be tomorrow’s donors through a successful 
transfer of technology. To be a donor of technology, 
the recipients of technology should first possess 
the capacity to assimilate, adapt, and modify the 
imported technology through education and 
training. At the same time, the recipients should be 
more sensitive to technology cycles by continuously 
anticipating technology requirements as opposed 
to responding to them. This notion for recipients 
of technology to become anticipatory, not 
reactionary, is aligned with identifying emerging 
knowledge, skills, organizations, values, and trends. 
It can be a way to achieve the ultimate goal of 
technology transfer, which is actually developing 
new technology. 
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IIT Kharagpur has contributed towards precision 
agriculture by developing some of the novel 
agricultural machinery aiming towards cost effective 
farming operation and maximized production. 
Some novel agricultural machinery developed at IIT 
Kharagpur are as below.

Design and development of an automatic 
variable rate fertilizer applicator
Fertilizers accounts 50% of the total agricultural 
expenditure and its Conventional application 
results in excess loss. A Variable rate technology 
(VRT) with map based approach, sensors and 
Global positioning systems (GPS) was developed 
(Fig.1) to estimate the fertilizer requirement and 
automatically apply that amount. The technology 
highly cuts down the fertilizer wastage.

Ultrasonic sensors based automatic spraying 
systems for orchards
Conventional spraying of chemical to eradicate 
infection to orchard crops results in excessive 
chemical loss. An ultrasonic sensor based orchard 
sprayer was developed (fig.2) to spray only on plant 

Fig. 5. The automatic variable rate fertilizer applicator

Fig. 5. The Ultrasonic sensors based orchards sprayer

Fig.3. Self propelled multipurpose jute seed drill

Novel Technologies for Precision Agriculture  
Developed at IIT Kharagpur

canopy. The system consists of ultrasonic sensor, 
pump and adjustable nozzles to control the spray 
application. This technology saves 30% of the 
chemical amount of about 30%. 

Development of a self-propelled jute seed drill
Jute is an important fiber crop for packaging and 
household purposes. Recent times have seen 
decline in popularity of jute cultivation due to 
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limited sources. A self propelled jute seed drill (fig.3) 
was developed for assisting in jute seeding. This 
jute seed drill is of multipurpose type with hydraulic 
system and can be used for haulage operation and 
even a 5 tine cultivator can be attached for soil 
manipulation.

Microcontroller based sugarcane bud cutting 
machine
Conventionally complete sugarcane is planted 
but a 3mm part of sugar cane consisting of bud 
is sufficient. So a precise automatic bud cutting 
machine (fig.4) was developed to remove only 
sufficent cane with bud for same production. A 
potentiometer senses the difference in diameter 
of the entire sugarcane and its bud and the cutter 

Fig.4. Microcontroller based sugarcane bud cutting machine

Development of a power operated whole stalk 
sugarcane de-trasher
Sugarcane, one of the most important industrial 
crop consumes a huge amout of time in its stalk 
cleaning, thus a simple stalk sugarcane de-trasher 
(Fig.5) was developed to clean 6.25 times higher 
than manual cleaning with the cheapest power 
consumption and minimum fatigue and labor.

Fig. 5. Desined and developed whole stalk sugarcane de-trasher

Combination tillage implements
Conserving power and 100% utilization of power 
source at the same time has been a very tedious 
task in during soil tillage. Thus tractor drawn 
combination tillage implements (Plough–Harrow 
and Cultivator-Harrow, Fig.6 and Fig.7) have been 
developed for seedbed preparation in one pass 
of the tractor. Conventionally the primary and 

arm is actuated to remove the 3mm cane with bud 
thereby saving 80-90% of sugarcane employed in 
conventional plantation with minimum labor costs 
and fatigue.
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secondary tillage operations consume double time 
and fuel with a very less power utilization. The tractor 
power utilization with the developed combination 
tillage implements was 85 to 90% excluding 20% as 
power reserve.

Fig. 6. Plow-harrow combination tillage implement

Fig.7. Cultivator-harrow combination tillage implement

Fig.8. The Tractor operated powered disc harrow

Tractor operated powered disc harrow
The tractor operated power disc harrow (Fig.8) was 
developed with an aim of efficient soil manipulation 
along with minimum fuel consumption and 
maximum power utilization. The developed power 
disc harrow is the combination type of two different 
kinds of tillage implements such as rotavator and 
disc harrow. This implement highly compensates 
the combined operation of two different tillage 
implements, thereby reducing huge amount of fuel 
consumption and maximizing the tractor power 
utilization to give out efficient field preparation. 
The draft requirement was found to be 34% less 
than an unpowered mode of the same disc harrow, 
this reduces the excess engine load and fuel 
consumption.
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Plate 1. PKV Mini Dal Mill

Innovative Processing Technology

PkV Mini Dal Mill Technology: Research 
Summary 

Explanation of PkV Mini Dal Mill 
The production of pulses and their per capita 
requirement for consumption are not in harmony. 
Although the production is increased to some 
extent, the total per capita availability is reduced 
to 50% due to constant population inflation. The 
simultaneous approach to this problem could 
be minimization of losses during milling. On an 
average, 10-15% losses are observed in milling 
process (using big dal mills) through brokens and 
powder. At present farmers produce pulses and sell 
it at low prices to the middlemen. They do not have 
processing facilities at rural level to process the farm 
produce. Moreover, transportation of raw material 
to commercial mills and transportation of finished 
product back to the consumers mostly staying in 
villages adds extra burden on producer. If pulses 
are processed at rural level, the villagers may get 

the finished product at comparatively low prices. 
Similarly, it can save transportation and handling 
losses to the extent of 3.7%.  At present villagers 
use flour mills for dehulling of pulses after a prolong 
treatment where dal recovery seldom exceeds 58%. 
On the contrary, in commercial mills, higher recovery 
(68-70%) is obtained but total investment is beyond 
the capacity of an average person. To mitigate these 
problems, the “PKV Mini Dal Mill” is developed (Plate 
1) by All India Coordinated Research Project on Post 
Harvest Technology, Dr. Panjabrao Deshmukh Krishi 
Vidyapeeth, Akola (M.S.), where investment is low 
with higher dal recovery as compared to commercial 
and rural levels.  

Machine and process description:
It consists of dehulling unit, sieve unit, screw 
conveyor, blower, cyclone separator and splitter. 
The hopper is provided for feeding the grain lot. The 
horizontal cone type abrasive roller is provided for 
dehulling of grain with provision of inlet and outlet 
controls. The roller is covered by a metal sieve with 
specific clearance. During dehulling the part of 
powder and husk is separated through concentric 
sieve. From the dehulled produce while coming 
out of the roller, the remainder mixture of husk 
and powder is separated by the blower and comes 
out through the cyclone separator. The remainder 
dehulled mixture falls down by gravity on the 
reciprocating sieve unit provided with two sieves. 
The upper sieve separates grain with gota and 
lower one separates dal. The brokens are collected 
below sieves on pan. Three different outlets are 
provided for separation of dal, gota and brokens. 
The grain with gota is fed to the screw conveyor 
where either oil or water can be uniformly applied 
to the materials. The processing capacity of dal mill 
is 100 -125 kg/h for pigeon pea and 125 – 150 kg/h 
for green gram and black gram. The respective dal 
recoveries are 72 – 75 % and 80 – 82 %. The cost of 
unit is Rs 62,000/- and operating cost (approx) is Rs. 
250/q of raw material (Pigeon pea).

Dr. P.A. Borkar
Research Engineer, Dr PDKV Akola
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Dimensions of this mill are 1.5 m (L) × 1.3 m (B) × 
1.8 m (H) and weight is 320 kg. It operates using 3 
hp single phase electric motor. It requires about 50 
m2room and 200 m2space with provision for drying 
yard. One semiskilled and another unskilled labouris 
required to operate the mill. The process flow chart 
for dehulling of pigeonpea and green gram as well 
as black gram (mogar) by using PKV Mini Dal Mill is 
shown in Fig. 1 and Fig. 2, respectively.

5. The facility for oil treatment is also provided in 
machine.

6. The machine is suitable for polishing black 
sorghum, cleaning of wheat and mung by 
changing roller. 

7. It occupies very small space.
8. Easy in operation, maintenance and repairs.
9. Offers self employment at rural level as tiny 

industry. 

Development of continuous hot air puffing 
system for RTE snacks from rice mills and 
pulse mills byproducts
India has a major agribusiness sector, which has 
achieved remarkable successes over the last three 
and a half decades. The industry consists of segments 
like processed fruits and vegetables, cereal based 
RTE products, dairy products, meat, poultry and 
fishery products, beverages and confectionary.

Food   processing is moreover employment intensive 
and creates 1.8 % jobs directly and 6.4 % indirectly 
across the supply chain for every Rs. 1 million 
invested. The market share of the Indian snacks is 
around US$ 3 billion (137.4450 bn in INR.) with a 
growth rate of around 15-20 %. The unorganized 
snacks market is worth around US$ 1.56 billion 
(71.4636 in INR.) with a 7-8 % growth rate. Today, 
there are around 1,000 types of snacks that are 
available in the Indian market. The most popular 
snacks are potato based items and chips.

The population of human being is ever increasing 
with vigorously changing lifestyle. This changing 
lifestyle is accompanied with changing demand, 
changing needs and habits. The fast moving life of 
human, demands convenience in food production, 
preparation and convenience in its consumption 
too. The Ready-To-Eat (RTE) quick cooking and 
instant foods are becoming very popular in this fast 
moving world. The food consumptive which does 
not require domestic/ kitchen cooking is known as 
RTE (Kent and Evers, 1994).

The RTE foods are prepared by extraction, cooking, 
puffing, flaking, frying, toasting, roasting etc. While 
RTE food products include extruded snacks, puffed 
cereals, popcorn, rice-flakes, fried fryums, home-
made products like ‘papad’, ‘kurdai’, ‘chakali’ which 
may be consumed after frying or roasting (Pardeshi, 
2008).

The oil puffing adds oil to the puffed products 

Fig.1. Process flow chart for pigeon pea dehulling  
(Dry Method) by using  PKV mini dal mill

Fig. 2.  Process flow chart for green gram / black gram  
dehulling (Mogar) by using PKV mini dal mill

Salient Features
1. The whole grain, dal, broken, husk and powder 

is separated mechanically. 
2. Cleaning and grading of grains as well as 

polishing of split dal is possible in this unit. 
3. Dusty atmosphere is avoided. 
4. The unit is suitable for entrepreneurship 

development.
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thereby affecting shelf life besides health problems.  
The sand puffing imparts contamination of 
product with sand, while gun puffing demands 
extremely high working pressure. The extrusion 
puffing is highly sophisticated and required very 
high operating pressure and temperature. Puffing 
will ideally create an aerated, porous with added 
benefits of dehydration. Then blending of puffed 
products with different flavors and marketing them 
in moisture impermeable plastic pouches provides 
better opportunities for increasing acceptance 
and usage of puffed product (Arya, 1992). The air 
puffing is considered to be ideal in all respect. 
Presently available technologies for hot air puffing 
are accompanied with ‘batch type’ process. Using 
L P gas system which is difficult for operation and 
hazardous too.

Therefore the machine needs to be developed by 
ensuring convenience in operation, continuous 
feeding, continuous puffing, continuous exit of 
puffed product, recirculation of used hot air with 
higher capacity of processing. With thought that 
the farmer can directly be involved in production 
of segments of convenience foods, with low cost 
investment at his farm, it was decided to go for 
electrical heater based Continuous Hot Air Puffing 
System (CHAPS).

India produces about 100 million tones of rice 
and 15 million tones of pulses every year. During 
rice milling, 2-4 % broken (2-4 million tones/ year) 
and during pulse milling 2-3 % powder (0.3 – 0.45 
million tones/ year) is accounted as loss as these bi-
products either underutilized or low valued. If these 
bi-products are properly processed to get high 
value processed foods, the farmers, small processers 
will get appropriate returns for that. In view to 
utilize bi-product of rice mills and pulse mills, it is 
thought to convert them into RTE snack foods using 
appropriate technology for their preparation, i.e. 
continuous hot air puffing system.

The hot air puffing system was developed with 
introduction of continuous mass flow technique 
for energy efficiency and the electric heating 
unit for ease of operation and safety. The hot air 
puffing system developed is having feature of 
continuous feeding of raw material and continuous 
puffing and continuous exit of puffed material. 
The machine has provision of varying air velocity, 
varying temperature of hot air and feed rate as per 
requirement with a provision for continuous hot air 

flow for re-utilization of hot air, so as to reduce heat 
load.

It was observed that the commercially available 
triangular shaped wheat based fryums could be 
puffed at 250 oC temperature in the developed 
machine. It was also observed that the bi-products as 
dal powder (from dal mills) and flour of rice brokens 
(from rice mills) can be used in 2:8 proportion with 
requisite water to prepare fryums using commercial 
fryum making machines. The cylinder shaped 
fryums prepared from dal powder (from dal mills) 
and flour of rice brokens (from rice mills) having 
length of 12.5 mm and diameter of 10 mm (i.e., 
L/D ratio of 1.25) can be well puffed in Continuous 
hot air puffing system continuously at the rate of 6 
kg/h. The hot air puffed oil free RTE snack has about 
9 months shelf life at 30 °C at saturation condition 
and about 5 months shelf life at 40 °C at saturation 
condition if packed in 135 g metalysed  polyester. 
The approximate cost of the unit is Rs.50,000/-.

Continuous hot air puffing system Puffed product
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Process technology for value added products 
of pumpkin

Development of process for ready to use 
dehydrated powder of pumpkin
The process was developed for preparation of 
powder from fresh pumpkin pulp by hot air drying 
in order to preserve for longer time with reduced 
packaging, handling, transportation and storage 
cost. 

The process technology for preparation of sweet 
pakoda  and kheer from pumpkin pulp as well as 
from pumpkin powder and sweet chakali from 
pumpkin powder was standardized.

Development of process technology of cherry/ 
tutty – fruity from pumpkin
The process for preparation of cherry/tutty- fruity 
from raw pumpkin was also developed. 

Time scheduling for cherry/tutty-fruity preparation

Day Time Operation

First 
day

7.00 am to 10.30 am Cube preparation

10.30 am to 10.50 am Lime treatment

10.50 pm to 11.30 pm Washing 3 times + 
60% sugar addition

Second 
day

7.00 am to 12.30 pm Cube preparation 
and boiling of earlier 
prepared cubes + 
Lime treatment

12.30 pm to 4.30 pm Drying under fan

4.30 pm to 6.00 pm Packaging

Development of pilot plant (100 kg/day capacity) 
for making cherry/tutty-fruity 
       A pilot plant (100 kg/day capacity) inclusive of 
Peeler, Hand cutter, Slicer and Cuber for making 
cherry/tutty- fruity from pumpkin was developed. 
The plant can be used alternatively for making 
cherry from papaya or other fruits.

Pilot plant (100 kg/day capacity) inclusive of peeler, 
handcutter, slicer and cuber for making cherry/
tutty-fruity

Cherry/tutty-fruity preparation by standardized  
(lime treatment)method

Pumpkin cherry/Tutty-fruity

Peeler

Platform table inclusive of peeler, handcutter, slicer and cuber
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Development of turmeric slicer
India ranks first with 90% production of turmeric 
i.e. 701.16 lakh tones from 185.32 lakh ha. area 
(Varshney et al., 2004). Maharashtra produces about 
200 MT turmeric from 700 ha area under turmeric 
(Vikas, 2003). Because of increasing demand of 
turmeric in the market with good market returns 
and fluctuations in the market of other cash crops, 
turmeric is emerging as an assured  cash crop in 
Maharashtra. The whole turmeric is a unique, colorful 
and versatile plant product combining properties 
of a spice or flavoring  with added features being a 
colourant, a cosmetic and a drug useful in a number 
of diseases. 

Turmeric processing involves cleaning/washing, 
boiling of turmeric rhizomes, drying and polishing.  
Cutting/slicing of turmeric rhizomes is necessary 
in order to achieve fast drying for preparation of 
turmeric powder since drying of boiled turmeric 
rhizomes consumes much time (8 to 10 days) to 
reduce the moisture up to 8 to 10%. Although the 
mechanical slicers are available in market but these 
are very costly and are beyond the limit of small 
entrepreneur.

After washing, slicing and drying the turmeric 
rhizomes are valued for aroma, flavor and pungency. 
Therefore, post harvest equipments for turmeric 
cutting/slicing machine for farmers/entrepreneurs 
are being developed to mechanize primary 
processing activities of turmeric (such as cutting/
slicing) after harvest thereby reducing drudgery 
and labor cost. 

The power operated turmeric cutting cum slicing 
machine has been developed using locally available 
materials. The machine consists of the feeding unit, 

slicing mechanism, driving mechanism, frame and 
the housing. Centrifugal action principle with fix SS 
blade is adopted. The washed turmeric rhizomes 
fed through hopper are subjected to centrifugal 
force and strikes on the stationary SS blade fixed on 
the casing. The machine cuts the turmeric rhizomes 
into slices of desired thickness from (2 to 5 mm). The 
slices are collected through outlet provided below 
the blade. 

Slicer in operation Cuber in operation
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The components of the machine include:

i. Striking unit
ii. Rhizome cutting unit 
iii. Frame and power transmission unit

The turmeric slicer was developed with 380 kg/h 
capacity and 74.74%  slicing efficiency. It was found 
techno economically feasible for an entrepreneur/
farmer.

Salient features 
yy It is easy to operate and transport from place to 

place. 

yy Slice thickness as per requirement can be 
obtained. 

yy It can be operated by unskilled labour. 

yy Cooperative farmers, small, medium and large 
scale entrepreneurs stand to benefit from the 
developed slicer.

Development of green pigeon pea pod shelling 
machine
India produces nearly 2.5 million tonnes of pigean 
pea annually, which contributes 90 % of world’s 
pigeonpea production. Pigeon pea (Cajanus cajan L. 
Millsp.) popularly called as tur or arhar, is an important 
pulse crop of the world belonging to the natural 
order leguminoceae. It is the most versatile food 
legume with diversified uses as food, feed, fodder 
and fuel. It has been recognized as a valuable source 
of protein particularly in the developing countries 
where majority of the population depends on the 
low-priced vegetarian foods for meeting its dietary 
requirements. Its significance is comparatively more 

            Turmeric slicer and sliced sample

among Indians due to their reliance on vegetarian 
diets besides limited buying capacity of more than 
27% people living below the poverty line. Like any 
other pulses, supplementation of pigeon pea with 
cereal based diets is considered one of the possible 
solutions to alleviate protein energy malnutrition. 
(Borkar et al. 2006)

Indian economy has been dependent on pulses 
for a long time. India is the largest producer, 
consumer as well as largest of importer of pulses. 
Tur or the pigeon pea, in the Indian context, is the 
second most important crop after peas. Tur  too, 
is being produced the maximum in the world, by 
the country. The production stands at around 2.5 
million tons, which is the 4/5th share in the world 
and 1/5th share in the total pulses produced in the 
country. Maharashtra produces the maximum level 
of pigeon pea in India accounting to 700000 tons.
(Anonymous, 2013).

The green peas are more advantageous wrt protein 
content, protein and starch digestibility, trypsin and 
amylase inhibitors and flatulence effect besides 
comparable mineral content. The nutritional 
composition of green pigeonpea is shown in Table 
1.1.

Table 1.1 Nutritional constituents of pigeonpea 

Constituents Green 
seed

Mature 
seed

Protein (%) 21.0 18.8

Protein digestibility (%) 66.8 58.5

Trypsin inhibitor (units/mg) 2.8 9.9

Starch (%) 44.8 53.0

Starch digestibility 53.0 36.2

Amylase inhibitor (units/mg) 17.3 26.9

Soluble sugars 5.1 3.1

Flatulence factors (g/100 g sol.
sugar)

10.3 53.5

Crude fibre (%) 8.2 6.6

Fibre (%) 2.3 1.9

Minerals and trace elements (mg/100 g)
Calcium 94.6 120.8

Magnesium 113.7 122.0

Copper 1.4 1.3

Iron 4.6 3.9

Zinc 2.5 2.3

(Source : India Infoline)
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Therefore consumption of green pigeonpea will 
ensure more availability of nutrients to the body 
(Table 4.1) Green pigeonpea can be marketed 
after shelling at higher profit to urban areas. Thus, 
the profit of farmers and rural entrepreneurs will 
increase manifold. Export of this produce may also 
fetch foreign exchange.

At present green pigeon pea pods are shelled 
manually which is laborious, time consuming and 
hence its use is limited up to kitchen level in various 
forms like curry, chutney, paste, roasted nuts, salted 
and boiled pods, etc.  In order to widespread its 
usage, its processing at small/cottage/big industry 
level needs to be introduced. For this purpose, the 
critical and inevitable unit operation involved for 
shelling of the pods needs to be mechanized. The 
increased trend of consuming vegetable pigeonpea 
amongst vegetarian Indians necessitates to 
introduce suitable technologies including green 
pigeonpea pod shelling machine. Therefore, it is 
proposed to develop mechanism and machine for 
this purpose of shelling of green pigeon pea pods.

The green pigeon pea pod shelling machine 
having 25 kg/h processing capacity was developed 
consisting of three pairs of rubber rollers imparting 
triple shelling action. The best operating parameters 
for shelling were 6mm gap between rollers, 150 
rpm of slow roller, 900 rpm of fast roller, i. e. with 
the speed ratio 1:6, the shelling efficiency of 70.81 
percent was obtained. 

The versatility of green pigeon pea pod shelling 
machine was enhanced and made suitable for pea 
shelling by wrapping stainless steel perforated 
sheet over the rubber rollers. The capacity for green 
pea pod shelling was found to be 36 kg/h. The best 
operating parameters for shelling were 12 mm 
clearance between top two pairs of rollers, 11 mm 
clearance between bottom pair of rollers, 750 rpm 
of fast roller, 150 rpm of slow roller i.e. with the 
speed ratio 1:5, the shelling efficiency of 77.08 per 
cent was obtained.

The cost of shelling was found to be Rs. 1.68/kg.

Salient features
yy Suitable for green chick pea pod shelling 

yy It is easy to operate and transport from place to 
place. 

Green pigeon pea pod shelling machine

yy It can be operated by unskilled labour.

yy Cooperative farmers, small and medium 
scale entrepreneurs stand to benefit from the 
developed machine.
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Bicycle Powered Portable Irrigation Pump
A prototype of a bicycle powered portable irrigation 
pump was designed, fabricated and tested. The 
equipment was specifically developed for use 
in rural areas having marginal land holding and 
inaccessibility of electricity. The average flow rate 
was varied between 27 to 40 l/min for different 
pumping head of 0 to 5 m. The maximum flow 
rate was obtained as 40 l/min at zero head while 
the minimum average flow rate of 22 l/min was 
obtained at 5 m head. Its main advantage over 
existing technology is its mobility which means that 
it is suitable for irrigating the farm lands of uneven 
terrains and with wherecanal irrigation is impossible. 

The developed bicycle powered pump could 
be an ideal pumping system for marginal land 
holding in those areas, where an electricity supply 
is inaccessible. Based on the results, the pumping 
head and flow rate were found to be directly related 

New Research / Innovations on Farm Machinery

with the input power generated by human being 
through pedaling of bicycle. The performance of the 
pump depended on the subject and the amount of 
effort put in. Different pedallers generate different 
power depending upon their strengths. The 
developed pump could be utilized successfully up 
to a pumping head of 4-5 m.  

Modified Biogas Plant for Temperate Region
A modified Floating drum type biogas plant was 
designed and developed keeping the following 
considerations in mind. 

yy The floating drum type biogas plant of 3 m3 was 
selected for temperate climate. 
yy The biogas plant was designed for an average 

retention period of 40 days. 
yy The slurry consists of 20% of total solid content 

of fresh cattle manure and mixed with water in 
1:1 ratio. 
yy The volume of gas holder was designed as 70% 

of capacity of plant. 
yy The column was designed for the maximum 

load equal to the total weight of the gas holder 
and weight of guide frame. 
yy The backfilling between wall and pit-side was 

done with straw, husk and plant residues. 

To maintain desired temperature in the digester, 
a poly-house type structure was constructed on 
floating drum type biogas plant. The ambient 
temperature, temperature inside polyhouse 
and temperature inside digester (covered with 
polyhouse) was recorded on daily basis. Based 
on the results available, it was observed that from 
June to August, biogas production is normal 
without additional inputs. From March to May 
and September to November, biogas can be 
produced successfully with the help of insulation 
like polyhouse type structure on a plant. While in 
remaining months viz. December to February, 
additional heat in form of mixing hot water as input 
is required for biogas production in the region. The 

Dr. Rohitashw Kumar
Associate Professor (Agril. Engg.), SKUAST-k, Jammu & Kashmir



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

29

Schematic view of Modified biogas plant developed by SKUAST-K
Fig. Foot operated Maize Cob Sheller

A view of Floating type biogas plant Installed at CRS, Mansbal 

modified biogas plants works successfully whole 
the year for production of biogas. he modified 
biogas plant was installed at 06 different locations 
of farmer’s house. More than 100 farmers were 
provided trainings. 

Foot Operated Maize Cob Sheller
The conventional methods of maize shelling are very 
laborious and time consuming. A low cost and highly 
efficient foot operated maize sheller was designed, 
developed and evaluated for its performance and 
techno-economic feasibility in comparison to three 
existing methods of shelling. Average output of 
24.27 kg/h and shelling efficiency of 97.32 % were 
obtained. Maximum detachment of grains with 
minimum damage of 5.15 % were observed at a 
moisture content of 16-18 %. The designed maize 
sheller was techno economically feasible with an 
operating cost of $1.24 / qtl. as compared to $1.68, 

2.45 and 3.71 per quintal for the beating method, 
horizontal maize sheller and octagonal maize 
sheller, respectively. The net present value, benefit 
cost ratio, break-even point and pay back period 
were $ 60, 2.07, 8.75 q and 4 months, respectively, of 
the designed sheller.

Brief Specifications

Weight of machine :50 kg 
Shelling Unit:  Octagonal tubular maize 

cob sheller
Shelling capacity : 24.27 qtl/h 
Grain damage :  5.21%
Cost of shelling : 62 Rs./ q
Cost of the machine : Rs.  3000/-

Pipe Bending Machine
In the State of J&K where the peoples faced with the 
issue of livelihood due to declining land holdings 
and rising cost of production, protected cultivation 
through greenhouse technology is a good option 
under the prevailing circumstances. The results 
have shown that the productivity can be enhanced 
by 5-10 times under green house conditions of 
protected environment. Efforts have been made to 
promote protected farming to increase cropping 
intensity, productivity and improve product quality 
for more income and employment. Off season 
produce can fetch greater net returns, achieving 
greater degree of food and nutritional security 
and widen livelihood opportunities for the rural 
people. A simple intervention made by resulted in 
development of more than 300 low cost polyhouses, 
semi controlled polyhouses and Hi-Tech polyhouses 
in farmers fields, government farms and agricultural 
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entrepreneurs farms. Innovations like pipe bending 
machines have resulted in greatly increasing the 
capacity and efficiency in fabrication of these 
structures. The pipe bending machine is useful for 
bending circular and square Mild steel and G.I. Pipe 
of up to 38.1 mm (1.5”) size.

Brief Specifications

Weight of machine :275 kg 

Source of Power : 2 hp electric motor

Time required for bending 
per pipe

: 1.75 -7.50 minutes 

Slippage during  bending : 0 - 5.7 %

Cost of shelling : 62 Rs./ q

Cost of the machine : Rs.  40000/-

Walnut Dehuller

Most of the walnut production is hulled by manually 
in India.  Walnut is processed in dry condition by 
removing the outer shell. Removing of outer shell 
of walnut is very difficult by hand. However it is 
being done manually by using a sharp knife with 
a production rate of 25-30 kg/hr, which is time 
consuming and laborious. Presently few imported 
machines of large capacities are available with 
Industrialist but these machines are not economical 
viable for small and marginal farmers. Therefore 
there is enough scope to develop a walnut 
dehuller suitable for variety of sizes of walnut 
which will overcome the problems faced by small 
and marginal farmers. In present research work, a 
motorized walnut dehulling machine based on the 
principle to shear-off the husk of the dry walnut 
by shearing force was developed and evaluated, 
with rotational speed and number of heaping days 
being optimized to make the best quality of hulling 
process. The results indicate that increasing the 
rotational speed, increases the amount of walnuts 
hulled but that the percentage of damaged nuts also 
increases. Similarly hulling efficiency also increases 
with number of heaping days before hulling but 
the quality of fruit decreases with increase in the 
number of heaping days after harvest. The hulling 
capacity of the developed machine was obtained as 
350 kg/h with hulling efficiency of 93 % at optimum 
rotational speed of 350 rpm. 

Brief Specifications

Overall Dimensions (LXBXH) : 1800 ×890×1630mm

Source of Power : 1 hp

Output Capacity : 330-350kg/hr

Cost of hulling : Rs 0.30-0.50/kg

Cost of machine, Rs :27500

Apricot Harvesting Net
Fruit harvesting net with Mechanical Shaker/Vibrator 
is very promising equipment forfruit grower. The 
harvesting capacity is 300-350 kg/h against 15-17 
kg/h by traditional methods. Fruits harvested by 
using the developed net results in negligible bruising 
and fetches about 20-30 % higher prices than the 
traditional method of harvesting. Also, the quality 
of the dried fruits is retained without damage and 
dirt. The operating cost of harvesting is Rs. 1.0 -1.40/ 
kg against Rs. 2.0-3.3/kg with traditional harvesting. 
Cost of the device is Rs. 7000/.
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Burrow Fumigator (Hand operated)
The burrow fumigator is useful for rodent control 
in saffron fields. The smoke is created by burning of 
mixture of cowdung and local chillies. 

Brief specifications:
Blower Size: 14 N

Inner Cylinder: Combustion chamber

Height= 8”, Dia= 8.5”

Outer cylinder: height= 1’, Dia= 10”

Smoke discharge pipe: 9” length

Cost of equipment: Rs. 2200/
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Introduction
Konkan is the coastal part of Maharashtra 
between Western Ghat and Arabian sea.This   
region of Maharashtra is the narrow strip of 40 km 
width and running 750 km of length comprising 
of North and South Konkan coastal zone covering 
Ratnagiri, Thane, Raigad, Sindhudurg and Mumbai 
district. The region is coming under western Ghat 
zone consist of Sahydari hillocks at one side and 
Arabian sea at another side. The climate is hot 
and humid with annual rainfall of 3500 mm 
which occurs in June-Oct. The total geographical 
area of Konkan region is 29.4 lakh hectares, out of 
which 9.5 lakh hectares have been brought under 
cultivation of different crops. Northern Konkan 
region  has mainly rice base cropping system and 
the southern part of the region has horticultural 
based cultivation with horticultural crops like 
mango, cashew, coconut, areca nut, kokum and 
spices etc. The area under rice is 4.5 lakh hectares 
and under under mango and cashew crop is 1.7 lakh 
hectares each.  Coconut is grown over 30 thousands 
ha and 3 thousands hectares area is under areca nut 
( Anonymous, 2012).  

Status of Agricultural Mechanization in konkan 
Most of the farmers are small and marginal. The 
percentage of marginal, medium and large farmers 
is 71.96, 25.41 % and 2.63 % respectively. About 
10.4 lakhs (26.8% of total working population) is 
engaged in agricultural works.  The population of 
agricultural worker is about 4. lakh. The percentage 
of female agricultural worker is 37.5 %. Due to 
small and fragmented landholding pattern of the 

region and hilly terrain, farmers are using manually 
operated or bullock drawn implements.Hence 
there is a great need to increase present 
level of agricultural mechanization. Presently 
available power is only 0.53 kW/ha which needs 
to increase up to 2 kW/ha by 2020. (Shahare 
P.U., 2012). Konkan Krishi Vidyapeeth Dapoli 
has taken up the work for enhancement of farm 
mechanization status in the region. The location 
specific research work  mostly useful for rice based 
farming system and horticultural based cultivation 
is undertaken considering the regional topographic 
and climatic conditions. Since the region  consist 
of small and marginal land holdings, the thrust is 
given for development of small tools and animal 
drawn implements suitable for rice cultivation and 
horticultural crop of the region. Since establishment 
of this university has developed manually operated 
equipments viz. serrated sickle, mango plucker, 
sapota plucker, lorenthus cutter, stubble remover, 
serrated spade, groundnut hoe, cono weeder, 
coconut dehusker, arecanut scarifier, pedal operated 
arecanut dehusker and bullock drawn puddler and 
zero till drill. The university also developed power 
operated machines viz. semiautomatic cashew nut 
sheller, tractor drawn elevator for fruit harvesting, 
arecanut dehusker, paddy reaper etc.  The 
machinery viz. tractor drawn hydraulic  elevator for 
fruit harvesting, semiautomatic cashew nut sheller, 
inverted chain conveyor type paddy thresher, hand 
operated arecanut dehusker, arecanut scarifier, 
pedal operated arecanut dehusker and motor 
operated arecanut dehusker, rice reaper (VCR) and 
improved serrated sickle are developed years 2008 

Newly Developed Equipments and Machines at  Dr. B.S. 
Konkan Krishi Vidyapeeth Dapoli: A Review

1Dr. P. U Shahare, 2Dr V.V. Aware, 2Dr K.G. Dhande, 2Er. S.V. Pathak
Deptt. Farm Machinery and Power, 

Dr B.S. Konkan Krishi Vidyapeeth, Dapoli, Dist: Ratnagiri  415 712 
 

1. Professor and Head, 2 Associate Professor
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and onwards. The information in details of newly 
developed machinery at Dr BSKKV Dapoli is as given 
below.

Tractor Drawn  Hydraulic Elevator 
The tractor mounted elevator is attached behind 
tractor. It has got hydraulic motor, turntable, lifting 
arms (two), bucket and support. The operator 
along with platform can be lifted or lowered as 
per the choice. The control leavers are available on 
the bucket platform itself  for turning, lifting and 
lowering the platform.The platform can be easily 
rotated in 1800 clockwise or anticlockwise. The 
machine is developed in two version. One works at 
maximum height of 12 meter and other at 14 meter. 
The other derails are 

1) The Tractor mounted elevator is suitable for 
harvesting of coconuts and other fruits 

2) The number of coconuts harvested depends 
upon the actual number of coconuts available 
on trees.(400-500 Nos./h). Capacity for mango 
harvesting 450-500 Nos/h

3) Capacity:  90 to 100 coconut trees/day.
4) The lifting time and lowering time of 12 m 

height is 40-50 and 30-40 seconds respectively. 
5) The capacity of bucket is 200 Kg
 6) The tractor of 35 HP is suitable for mounting the 

machine. 

Hand Operat ed Arecanut Dehusker
The major parts of the dehusker are the hopper, 
lead screw, cutting blade and handle. The hopper 
filled with a single graded nut and delivers it on the 
lead screw. The nut is compressed between the lead 
screw and cutting plate. The teeth on the cutting 
plate peel off the husk and the kernel are ejected 
through the slot on the lead screw and thus the 
husk is been removed. The nut and separated husk  

is obtained from outlet at bottom. The specifications 
of the developed dehusker is as given below. 

Fig. Tractor Drawn Hydraulic Elevator

Fig: Hand Operated Arecanut Dehusker

The other derails are 

1. The capacity of the machine was found to be 6 
Kg/h.

2. The breakage percentage of the machine was 
found to be  11.2  %.

3. The unhusked arecanut percentage of 
developed  machine was found to be 3.7  %.

4. The efficiency of machine was found to be 85.16 
%. 

Hand Operated Arecanut Scrarifier
A developed hand-operated areca nut scrarifier 
is consisting of the hopper, inner drum with hook 
shape blades, perforated outer drum and handle. 
The internal drum with pricks and conveying 
arrangement is provided. The outer drum is kept 
stationary and the inner drum is rotated  by the 
operator using handle provided on the machine.  
The pricks fitted on the periphery of internal drum 
scrarifies the outer shell of the areca nut superficially 
without making any damage to nuts. The other 
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Sr. No. Particulars Specification

1. Power source 3 hp, Petrol start 
Kerosene run Engine

2. Width of cutter bar, cm 120 

3. Size of reaper:
Length x width, cm 230 ×145 

4. Height of reaper, cm                      
(from ground to handle)

104 

5. Total weight of the 
reaper, kg

270 

The performance of the machine is as given below

1. Average field capacity was found to be 0.144 
ha/h ( about 1 ha/day)

2. Average time required to cover one ha was 6.95 
h.

3. Average fuel consumption was found to be 1.08 
l/h.

4. The average working heart rate was 141.12beats/
min. The average work pulse was 43.29 beats/
min and noise level was 85.6 dB (A).

Fig: Hand Operated Arecanut Scrarifier

information is as given below. The motor operated 
version of arecanut is also available.

1. The maximum scrarifying percentage area was 
found to be   92.44  %.

2. The calculated capacity of machine was found 
to be 1623 nuts per hour.

3. The nuts obtained using developed scrarifier 
have better acceptability in terms of colour, 
texture and test.

4. It enhanced the rate of drying of arecanut by 20-
40%

Self Propelled Reaper for paddy 
Looking into small plot size in Konkan , the self 
propelled reaper has been developed for paddy. 
The reaper consists of  frame, power unit (petrol 
start, kerosene run engine), transmission system 
and reaping unit. The details specifications are as 
given below.

Fig. Self propelled reaper for paddy
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Hand Operated Foldable Coconut Dehusher
This University had earlier deloed hand operated 
cocont dehusker. It was modified and made more 
user friendly. To handle and transport the coconut 
dehusker easily, a coconut dehusker of  single fold 
type  with detachable handle with grip, performed 
better in term of functionally and ergonomically 
than non folding type coconut dehusker. The 
developed  foldable coconut dehusker can be pack 
in cartoon for easy handling and transport. 

S. N. Parameters Modified 
sickle

1 Weight, g 199.2

2 Length of cutting edge (mm) 225

3 Maximum width of cutting edge 
( mm)

24

4 Chord length (mm) 210

5 Blade concavity (mm) 30

6 Pitch (mm) 2

7 Angle of teeth 600

8 Length of handle (mm) 136

9 CS- CL ratio 1.07

10 Average diameter of handle (mm) 32

11 Angle of blade with handle, deg 157

The performance in detail is as given below.

The field capacity of improved Vaibhav sickle was 
found to be 112 m2/h which was 13.1 per cent 
higher than existing Vaibhav  sickle (99 m2/h). 

The time required for harvesting of one hectare 
paddy by improved and existing Vaibhav sickles 
were 83 and 101 h, respectively, which is 17.82 per 
cent less over Vaibhav sickle.

The working heart rates of female workers while 
using improved and existing Vaibhav sickles were  
120.3 and 128.5 beats/min, respectively while the 
work pulse for those sickles were 36.15 and  46 
beats/min.

Physiologically, the workload was found to be 
‘moderately heavy’ category for improved Vaibhav 
sickle while, that of in ‘heavy’ category in case of 
existing Vaibhav sickle.  

Considering, limit of continuous performance, the 
physiological work load with improved Vaibhav 

Fig: Hand Operated Foldable Coconut Dehusher

5. The performance is as given below.
6. The dehusking capacity and dehusking 

efficiency for folding and non-folding type were 
found to be 58 nuts/h, 93.7% and 52 nuts/h, 
93% respectively

7. It is observed that heart rate and oxygen 
consumption rate of operating folding type 
coconut dehusker is less ( 3.94 % less heart rate 
and 6.28 % less oxygen consumption rate) than 
non-folding type  coconut dehusker.  

8. The average value of energy expenditure for 
subjects operated non-folding type coconut 
dehusker is more than (11 % more) the folding 
type coconut dehusker.

9. The average value of HR for both coconut 
dehuskers was less than Limit of Continuous 
Performance (LCP)

Improved ‘Vaibhav’ Sickle
The serrated sickle developed by this University viz. 
Vaibhav is modified. The dimensions of improved 
Vaibhav sickle is as given below.

Fig: Improved ‘Vaibhav’ Sickle
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sickle was in the category of ‘less than limit of 
continuous performance’ and that for existing 
Vaibhav sickle was  in the category of ‘more than 
limit of continuous performance’. 

The center of mass was located at distance of 7.3 
cm away from the line of action in case of Vaibhav 
sickle and in case of improved sickle it was located 
very close to the line of action. This improved the 
balance of sickle and there is no lateral twisting to 
the wrist. 

Inverted chain conveyor type paddy thresher 
The peddle operated paddy  thresher has less 
capacity. Winnowing operation is also required. The 
commercial power operated paddy thresher does 
not  give full length straw. Hence the inverted chain 
conveyor thresher have been developed by this 
university. By pushing crop over feeding platform 
towards threshing drum, threshing is done and 
straw is conveyed toward other end of machine. The 
performance details are as given below.

1. Power : 2 HP electric motor
2. Transmission : belt pulley type
3. Feed rate : 400 kg/hr (max)
4. Output : 190-200 kg/hr
5. Threshing efficiency 98.53 %

6. Cleaning efficiency : 99 the cashew in the plane of the cutting blade while 
shelling. Feeding channel  provide steady path for 

feeding cashews to 
the holder clamp The 
machine is economical 
for large scale shelling 
as compared to hand-
operated and hand 
-foot operated machine. 
More safe than hand-
foot operated or hand 
operated sheller.

Fig:  Inverted chain conveyor type paddy thresher

Fig: Semi automatic Cashew nut Sheller

Semi automatic Cashew nut Sheller 
The motor operated cashewnut  sheller of medium 
capacity has been develop3d by this university. It 
has got one fixed blade and one reciprocating blade. 
The steamed cashenut is placed in a plastic channel  
which is picked by holder clamp and brought 
automatically between blades. Holder clamp holds 

The performance of the machine is as given below.

1. Average capacity  10.09 kg/hr. 
2. The shelling efficiency  88.48% 
3. The recovery in terms of whole kernel, half 

split and broken was 82.26%, 8.73% and 8.90% 
respectively. 
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Motor operated, Pedal Operated and Duel type 
Arecanut Dehusker
Power operated arecanut dehusker  consist of 
cylinder, beaters, hopper,   frame and motor. The 
diameter and length of cylinder were 300 mm 
and 500 mm respectively. There are four beating 
elements fabricated with MS flat having width 
and thickness as 40 mm and 10 mm respectively. 
Rubber pads having width equal to width of MS 
flat and thickness as 15 mm, were pasted on the 
MS flat and fixed with flat headed counter sunk 
bolts with washers. The peripheral speed variation 
was achieved with belt and pulley combinations. 
An electric motor (single phase, 1450 rpm, 0.75 hp) 
was used to power the setup. The concave having 
the average aperture size varying from 16 mm to 
22.5 mm with average aperture size as 19.6 mm 
was developed based on the physical properties 
of arecanut fruit and kernel. Single phase 0.75 HP 
electric motor is used for this machine.

The pedal operated arecanut dehusker has similar 
construction. A bicycle frame and pedal is used 
for this machine.  Combination of both type is also 
developed .Wherever there is an availability of 
electric power on farm, the pedal operated arecanut 
dehusker can be operated by electric power by 
simple arrangement. The bicycle assembly with 
double stage chin sprocket arrangement can be 
removed and an arrangement of motor drive can be 
easily fitted. Also, there is provision to fix specially 
designed hopper with nut bolt fixtures. 

The performance of the machines is as given below.

1. In case of power operated arecanut dehusker, 
average dehusking efficiency and kernel 
breakage at 7 m/s peripheral speed and 20kg/h 

feed rate were 98.1 per cent and 9.9 per cent, 
respectively.

2. The average dehusking efficiency and kernel 
breakage for pedal operated arecanut dehusker 
at 7 m/s peripheral speed and 15 kg/h feed rate 
were 96.6 per cent and 6.9 per cent, respectively.

3. The dusking capacity of kernel by traditional 
method was 3.6 kg/h. While dehusking capacity 
for pedal operated, power operated and dual 
powered machines were 9.8 kg/h, 13 kg/h and 
13 kg/h, respectively. 

4. Dehusking cost of arecanut with traditional 
method, pedal operated, power operated and 
dual powered machines were Rs. 5.1/kg, Rs. 3.7/
kg, Rs. 1.9/kg and Rs 1.94/kg, respectively. The 
dehusking cost of pedal operated dehusker, 
power operated dehusker and dual powered 
machines were respectively 27.5 per cent, 62.7 
per cent and 62 per cent less as compared to 
traditional method. 

The BSKKV Dapoli has developed 25 equipments. 
These equipments are fabricated here and are made 
available to  the farmers on large scale and trying 
to improve mechanization status of Konkan region.   
Serrated sickle is most selling tool. So far more 
than 3.5 lakhs pieces are sold by this university. The 
newly developed equipments discussed viz. hand 
operated arecanut dehusker, tractor  drawn hydraulic 
elevator, inverted chain conveyor thresher are also 
being sold by this university. Efforts are being made 
to commercialize the remaining machines. This 
university has generated Rs. 5.25 crore as a revenue 
from selling of the tools and equipments. 

REFERENCES
Anonymous, 2000. Long term mechanization 
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and Ghat Region.

Anonymous 2008. A note on 
agricultural statistics, Konkan 
region. Department of agriculture, 
Maharashtra state.

P. U. Shahare. 2012. Agricultural 
Engineering Today, Vol. 36(2), 2012: 
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Pedal operated maize dehusker sheller
S. No. Item Details

1. Name of Machinery 
/ implements / 
devices/ technology/ 
process

Pedal Operated Maize Dehusker Sheller

2. Specifications and 
Salient technical 
features. 

The Pedal operated maize dehusker sheller works on impact and crushing principle. The 
whole maize cob is feed to the threshing drum. Impact of beaters and crushing of cobs 
between concave and rotating cylinder results in cob dehusking and shelling operation, 
simultaneously. The machine is found suitable for small maize growing farmers where 
power operated machinery and electricity is limitation. Two persons are required to 
operate the dehusker sheller; one is for pedalling and other for feeding of unhusked maize 
cobs. The Machine is operated at pedalling rate of 50 revolutions per minute. The detailed 
specifications of Pedal Operated Maize Dehusker Sheller are as under: 
 Diameter of drum   170 mm
 Peripheral speed   4.5 m/s 
 Length of peg   40 mm 
 Speed ratio    1:7 
 Weight of flywheel   14 kg
 Diameter of flywheel   500 mm
 Saddle height    180 mm
 Height of pedal at its lowest position 76 mm 

3. Performance Result  Throughput capacity   175 kg/h
 Grain output    130 kg/h
 Husking efficiency   94.5 per cent
 Shelling efficiency   96.20 per cent
 Grain breakage   0.80 per cent

4 Cost Initial cost  Rs. 25000
Operating Cost Rs. 65/ h or Rs. 0.50 /kg

5 Technology impact 
on farmers economy

Large cost involved in manual husking and shelling operation will be saved. As both of the 
operations performed simultaneously.

6 Social / 
environmental / 
other benefits

The machine is pedal operated and does not require any fuel or electricity, hence creating 
pollution free environment. Fatigue in the operator’s shoulder due to traditional method 
of maize shelling (beating type) will be eliminated. 

Technologies Developed for Farm Mechanization

Dr. Y.C. Bhat
Professor & PI, AICRP on Ergonomics & Safety in Agriculture, MPUAT, Udaipur
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S. No. Item Details

7 Status of 
commercialization / 
IPO rights

Yes , commercialized 

8 If Commercialized, 
name and 
addresses of firms/ 
entrepreneur 
to whom the 
technology has been 
transferred.

Being manufactured under revolving fund, Department of FMP Engg. CTAE, MPUAT 
UDAIPUR 

9 Special facilities 
required (for 
example confirming 
to the norms of food 
Safety Standards 
Authority of India 
(FSSAI) or other 
standards

Not Applicable

10 Photographs in 
operation with 
proper lighting, light 
background and only 
operator to appear if 
required 

11 Contact details of 
person to whom 
technology and 
further details can 
be held 

Research Engineer, AICRP on ESA, Department of FMPE, College of Technology and 
Engineering, MPUAT-Udaipur, 313001

12 Source of availability Research Engineer, AICRP on ESA, Department of FMPE, College of Technology and 
Engineering, MPUAT-Udaipur, 313001
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2.  Pratap wheel hoe
S. 
No. 

Item Details

1. Name of Machinery / 
implements / devices/ 
technology/ process

Pratap Wheel Hoe

2. Specifications and Salient 
technical features. 

The developed wheel hand hoe with three attachments is named as Pratap Wheel 
Hoe. The attachments consist of two blades for weeding and one earthing tool. It 
was found suitable for weeding in mustard, gram, maize, wheat etc.  The earthing 
operation in vegetable crops (tomato, chilli, brinjal, okra), root crops (ginger, turmeric, 
yam, potato, onion) and in field crops (maize, etc.) can also be performed using 
earthing tool in the Pratap wheel hoe. 

3. Performance Result Field capacity:
  Weeding : 0.032 ha/h
  Earthing : 0.027 ha/h

4 Cost   Cost of equipment : 1300/-
  Cost of Operation  : 23/h  or
  Weeding   :  719 Rs/ha    
  Earthing    :  852 Rs/ha

5 Technology impact on 
farmer’s economy

6 Social / environmental /
other benefits

It reduces the drudgery in comparison to traditional weeding and earthing operation 
by avoiding bending posture in these operations. The farmer found himself under 
comfort after the operation in the field in comparison to traditional method.

7 Status of commercialization 
/ IPO rights

Yes , commercialized

8 If Commercialized, name 
and addresses of firms/ 
entrepreneur to whom 
the technology has been 
transferred

Being manufactured under revolving fund, Department of FMP Engg. CTAE, MPUAT 
UDAIPUR 

9 Special facilities required 
(for example confirming to 
the norms of food Safety 
Standards Authority of India 
(FSSAI) or other standards

Not Applicable

10 Photographs in operation 
with proper lighting, 
light background and 
only operator to appear if 
required 
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S. 
No. 

Item Details

11 Contact details of person 
to whom technology and 
further details can be held 

Research Engineer, AICRP on ESA, Department of FMPE, College of Technology and 
Engineering, MPUAT-Udaipur, 313001

12 Source of availability Research Engineer, AICRP on ESA, Department of FMPE, College of Technology and 
Engineering, MPUAT-Udaipur, 313001

3. Fruit harvesting package
S. No. Item Details

1. Name of Machinery / 
implements / devices/ 
technology/ process

Fruit Harvesting Package

2. Specifications and Salient 
technical features. 

The fruit harvesting package is consisting of a harvesting platform, a cutting tool 
and a fruit collection bag.  The use of harvesting platform increases the proximity 
of fruit hence, reducing the neck angle during the operation. The developed 
cutting tool will harvest the fruit along with pedicle which will also increase the 
shelf life. The collection bag developed for storage of fruits during harvesting will 
help in reduction of drudgery as the farmers need not to bend down every time 
to put the harvested fruit. The collection bag will also reduce the fruit injury due 
to dropping down of fruits on the ground, which will fetch better return.

3. Performance Result Harvesting Capacity : 51 kg/h
Fruit damage  : Zero per cent

4 Cost Initial cost  : Rs. 1600 
Operating Cost  : Rs.  23.50 /h or Rs. 0.46 / kg
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5 Technology impact on 
farmers economy

There is no damage of fruit while harvesting fruits using this package against 17 
per cent damage of fruits in traditional method. Hence, giving better economic 
return to the farmer.  

6 Social / environmental /other 
benefits

It reduces the drudgery in comparison to traditional methods of fruit harvesting. 
A sever pain is felt at neck and shoulder in traditional method of fruit harvesting 
because of bending of neck and holding of bamboo for fruit harvesting. 

7 Status of commercialization / 
IPO rights

The package is ready for commercialization

8 If Commercialized, name 
and addresses of firms/ 
entrepreneur to whom 
the technology has been 
transferred

9 Special facilities required 
(for example confirming to 
the norms of food Safety 
Standards Authority of India 
(FSSAI) or other standards

Not Applicable

10 Photographs in operation 
with proper lighting, 
light background and 
only operator to appear if 
required 

11 Contact details of person 
to whom technology and 
further details can be held 

Research Engineer, AICRP on ESA, Department of FMPE, College of Technology 
and Engineering, MPUAT-Udaipur, 313001

12 Source of availability Research Engineer, AICRP on ESA, Department of FMPE, College of Technology 
and Engineering, MPUAT-Udaipur, 313001
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Field worthy Technologies developed 

All India Coordinated Research Project on 
Increased Utilisation of Animal Energy with 
Enhanced System Efficiency, MPUAT, Udaipur

Pneumatic wheeled MPT with different attachments.

Pneumatic wheel MPT consists of a rectangular 
frame made of MS pipe. Power to the seed and 
fertilizer metering mechanism is given through 
a pneumatic transport wheel by a set of bevel 
gear and telescopic shaft. As the tool frame was 
lowered or raised with respect to ground surface 
to increase or decrease the depth of operation the 
length of the shaft is automatically adjusted due to 

telescopic arrangement. A small gear box consisting 
of a fixed and a sliding bevel gear is provided at the 
side of the seed box. A lever is provided to engage 
and disengage the ground wheel and metering 
mechanism by sliding the bevel gear.

The draught required in tillage and sowing operation 
was 72.4 and 58.8kgf respectively. The effective 
field capacity for sowing and tillage was found to 
be 0.32 and 0.21 ha/h respectively. The per hectare 
cost of tillage operation was Rs. 314.769 whereas for 
sowing it was Rs. 206.56. Feed back of farmers was 
also recorded. The farmers were satisfied with the 
performance of the MPT.

Animal powered rotary transmission system

An animal power operated rotary transmission 
system for operating small agro-processing gadgets 
was established at the centre. A work place was also 
developed to transmit power from output shaft 
to the different agro processing machines. Pairs of 
slotted channels were grouted parallel to the power 
output shaft. Other slotted channels were used to 

Performance of MPT with different attachments

Attachment Moisture 
content, 
%

Draught 
kgf

Speed 
km/h

Depth of 
operation 
cm

Width 
cm

Effective 
field 
capacity 
ha/h

Pay loadkg

MB Plough 13.2 51.8 3.06 13.5 21.5 0.05 -

Bund Former 14.1 28.2 3.35 16.4 (Height) 42.6 - -

Bed former 13.7 45.4 3.15 10.7 (Height) 63.5 0.2 -

Cultivator 14.2 71.2 2.7 10. 6 85.0 0.23 -

Seeding 14.6 62.3 3.28 8.2 108 0.35 -

Trailer platform - 18.4 3.5 - - - 300

Water Tanker - 13.5 3.6 - - - 225 liters

mount the desired agro processing machines and 
placed perpendicular to the power output shaft. 
Proper alignment and position of the machines 
were finalized by adjusting the channels in both the 
directions.

Hollow pipe pull beam/beams are used for hitching 
the animals. In case of camel two beams similar to 
the hitching arrangement of camel cart are used. 
Bushes made of hollow pipe were provided at the 
ends of the pull beams. A swingle tree made of 
hollow pipe is inserted in these bushes for providing 
movement in vertical plane. Further this swingle 
tree is attached with horizontal hitch beam through 
a turntable arrangement to facilitate swinging 
movement of the pull beams in horizontal plane. A 

single hollow rectangular section pull beam is used 
for hitching a pair of bullocks. This beam is attached 
with turntable through a pin joint for allowing 
movement in vertical plane while movement in 
horizontal plane is maintained by turntable as in 
case of camels. The movement in both the planes 
is provided to avoid the effect of unwanted forces 
acting on the vertical input shaft.

Maize sheller, chaff cutter, grain cleaner cum grader, 
flour mill, maize dehusker sheller, groundnut 
decorticator, Aloe-vera jel extractor and Garlic bulb 
breaker can easily be operated by animal powered 
rotary transmission system. 

Low cost animal drawn multi-crop seed drill.

The developed low cost animal drawn seed drill 
consists of rectangular frame made of MS angle iron 
square section on which a seed cum fertiliser box 
are mounted. The seed and fertilizer box is of two 
sections, viz., storage box and feed box.  Feed box 
consists of plastic discs having grooves/cups on 
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the periphery. Two pneumatic wheels are provided 
for transportation on either side of the main frame 
through axles. One of these wheels supplies power 
to the metering mechanism through a chain drive 
and counter shaft. A clutch is provided to engage or 
disengage the power transmission to seed metering 
device.

The performance results indicated that the draught 
requirement was 22kgf which is well within the 
draught capacity of bullocks. The effective field 
capacity and field efficiency were 0.24 ha/h and 
82.76 per cent respectively. 

Development of power operated garlic stem 
and root cutter 
A electric motor operated garlic garlic stem and 
root cutter has been developed in association with 
M//S Ganeshraj Industries, Mehsana. The machine 
is operated by one hp single phase electric motor. 
The mechanism is based on 8 counter rotating 
disc mounted on two shafts with holder for garlic 
plant. Garlic plant is fed manually and cut bulb is 
received in trays. The machine has been successfully 
evaluated for its performance and its commercial 
prototype is under fabrication at this stage. Average 
output capacity only for one side of the feeder box, 
cutting efficiency, length of cut stem and length of 
cut root was found as 32.52 kg/h, 99.08 per cent, 
23.25 mm and 2.28 mm respectively. The power 
requirement was found to be 1.2 kwh and the cost 
of operation with the machine was found to be Rs 
48.5 per hour.

Design and development of drift control shield 
for a hydraulic boom sprayer
Single shield and double shield were developed 
from fibre sheet and mounted on hydraulic boom 
sprayer. The sprayer was  tested in the cotton crop. 

S. N. Agro processing machine Draught, kgf Operating RPM Output, kg/h

Animal power

1 Seed cleaner cum grader  30-40 350-370 500-550

2 Maize sheller 35-39 130-150 128 -132

3 Chaff cutter 40-46 160-175 44-52

4 Flour mill 50-60 750-810 8-10

5 Maize dehusker sheller 55-60 400 150-170

6 groundnut decorticator 50-60 300 200-210

7 Aleo-vera jel extractor 23-25 80-105 25-35 kg leaf/h

8 Garlic bulb breaker 28-3 300-310 600-650 kg bulb/h

Three wind speed and two type of shield was used 
for the study purpose and sprayer parameters 
like droplet size, droplet density and uniformity 
coefficient with system parameters like drift 
evaluation at 5 and 10 meters. The experiments were 
conducted in laboratory to study the effect of shield 
on the drift control. The experiment also conducts 
in the field to observe  how much particle drift 
reduction can be done. Standard method of ISOfor 
drift evaluation was followed for experimentation. 
The single shield reduces the drift by 31-40 per cent 
and double shield by 62-71 per cent in comparison 
with no shield.

Development of knapsack type pneumatic 
cotton plucker
A knapsack type cotton plucker was developed with 
the fixing of a wire mesh screen in a polypropylene 
container of 50 lit capacity. Three types of drum i.e. 
model A (fixed center filter inside the collection 
drum), model B (fixed center filter outside the 
collection drum) and model C (both inside and 
outside filter inside the collection drum) and four 
levels of aspirator speed 4200, 4700, 5200 and 
5700 rpm were taken as independent variables. 
Dependent variables were fuel consumption, 
picking efficiency, trash content and output capacity. 
Fuel consumption ranged from 0.270 to 0.702 l/h, 
picking efficiency varied from 91 to 96 per cent; trash 
content was found 2.07 to 8.03 per cent and output 
capacity was observed from 4.75 to 9.78 kg/h. On 
the basis of the results obtained from the laboratory 
performance evaluation, the best performance with 
respect to output capacity, picking efficiency, trash 
content and fuel consumption was observed with 
type ‘B’ drum and aspirator speed of 5200 rpm. In 
field evaluation with B drum the mean value of the 
fuel consumption, picking efficiency, trash content 
and output capacity of cotton plucker was observed 
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as 0.602l/h, 94.79 per cent, 5.77 per cent and 
8.84kg/h respectively. The cost analysis revealed 
that the cost and time required for picking was 9.66 
Rs /kg and 0.113 h/kg. Saving in cost was observed 
at par and where as time saving of 57.67 per cent.

Design and development of tractor operated 
garlic harvester cum windrower
 A tractor operated garlic harvester cum 
windrower was developed using blade type digging 
and chain type elevating mechanism. The machine 
was tested at farmers field. The working width of 
the machine was 1350 mm. The field capacity of 
machine, field efficiency & fuel consumption was 
found to be 0.27 ha/hr, 77.14 percent and 2.6 ltr/hr 
respectively.

Design and development of tractor operated 
multicrop planter for seed spices 
 .  A tractor operated seven row seed spices planter 
was designed and fabricated. The newly developed 
seed spice planter was evaluated for sowing of 
cumin, fenugreek and fennel. In all about 21.9 
ha area has been covered and found significant 

reduction in seed rate of all crops. The performance 
of machine was good. During the discussion with 
the farmer’s suggestions was received to have 
some small hand operated planter for seed spices 
suitable for small land holding. Therefore, a two row 
manually operated unit has been developed in the 
centers workshop and its performance evaluation 
was done for sowing of fenugreek and also the 
machine was send to NAIP project at SK Nagar Agri 
University, Dantiwada. 

Design and development of air sleeve boom 
sprayer 
  An air sleeve boom sprayer was designed 
and developed by MPUAT centre in collaboration 
with ASPEE, Mumbai for cotton and soybean crop 
and performance evaluation in laboratory and field 
was also done.The laboratory experiments were 
conducted in collaboration with ASPEE, Mumbai 
and field experiment at Cotton Reasearch station, 
Athwa Farm, Surat. The air sleeve boom sprayer was 
found as most efficient for control of Aphids, Jassids, 
White fly, Mealy bug and Thrips with significant 
higher cotton yield 2868.5 kg/ha over other spray 
treatments.
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Research Innovations in Post-Harvest Technology 
from ICAR-CIPHET

Dr. S.K. Nanda, Head (FG&OP Division), Dr. R.K. Gupta, Director,
ICAR - CIPHET, Ludhiana - 141 004

The Central Institute of Post-Harvest Engineering 
and Technology (ICAR-CIPHET) acts as a nodal 
institute in India to undertake lead researches 
in the area of the post-harvest engineering and 
technology appropriate to agricultural production 
catchment and agro-industries. The Institute has 
developed more than 100 technologies and several 
patents.

Processing Machinery Commercialized by 
CIPHET

CIPHET-Pomegranate Aril Extractor 
The system comprises the essential components 
such as Pomegranate Fruit Breaking unit, Drive 
unit, Collection Trays where separated arils and 
extraneous matters are received, Vibrating Sieve 
unit; and the clean arils and extraneous matter 
Collection Troughs.  The fruit breaking unit consists 
of innovative mechanisms with knives arrangement 
to continuously break the fruit in such a way that the 
major portion (85-90%) of arils is safely separated 
out from the broken peels. The rest of the arils that 
is about 10-15% remains attached with the peels are 
further getting separated over the vibrating screen 
designed specifically for this purpose. The machine 
is capable to process the whole pomegranate at 
a rate of approximately 30-35 fruits per minute 
with extraction capacity of 90-94% and with little 
damage of arils that is about 2-4%. The capacity of 
the machine is 500 kg/h.

Automatic Litchi Peeler
The machine consists of two stainless steel rollers 
rotating at differential speed in opposite direction 
towards each other. Stainless steel spikes are placed 
on one roller where as the other roller has knurled 

surface. The litchi fruit moves between the curved 
surfaces formed between the rollers. During this 
movement, the largest dimension of fruits is aligned 
in the direction of inclination of rollers and conveyed 
towards the spikes mounted on the rollers. Since 
the fruit remains in contact with rollers, it starts 
rotating. As the fruit approaches to the spikes, it 
pierces the peel of fruit.  Due to circular motion 
of the fruit, the spike makes a cut on the peel. The 
knurling of the other roller restricts the movement 
of the fruit due to friction. The peel opens from the 
cut made on peel and due to shear developed by 
differential speed; the peel is separated from the 
fruit. The peel passes through the rollers and goes 

Cost of the machine:  5,00,000
Available with Mr. KishorNavale (Proprietor 
Padma Tech), Reg. off. Plot No. 67, A-4, 
B.U. Bhandari Skyline, Dighi, Pune-15, 
Maharashtra, India 
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down. The moving belt provided at the top of the 
rollers produces compression in this process to 
generate sufficient friction and shear and to avoid 
jumping of fruit. The designed peeling machine 
can be operated by using 1.0 hp electric motor.
The optimum peeling efficiency of the machine 
was about 96% with less than 4% loss of pulp. The 
developed peeler is beneficial because.The capacity 
of the machine is 120 kg/h.

Automatic Custard Apple Pulper
Custard apple is an underutilized crop cultivated 
in more than 40,000 hectares in Andhra Pradesh, 
35,000 hectares in Maharashtra, 20,000 hectares 
in Karnataka and 20,000 hectares in Rajasthan. 
Mostly custard apple fruit cultivation is in the form 
of unorganized farming.Due to unavailability of 
handling and processing machineries related with 
this fruit, it is being underutilized. This invention 
brings higher value for the fruits thus leads to get 
good income for the farmers.The custard apple 
pulper contains three mechanism viz. fruit cutting 
mechanism, fruit scooping mechanism and pulping 
mechanism. Fruit cutting and scooping mechanism 
are made with pneumatic actuators and electronic 
controls. This invention is fully automatic machine 
assisted with pneumatic power and electronically 
controlled.The efficiency of the cutting and 
scooping mechanism: 94% pulp recovery, 6% pulp 
wastage along with peels. The capacity of the 
machine is 120 kg/h.

Makhana popping machine (Gorgon Nut, Euryale 
ferox)
Makhana is a popped kernel of seeds of an aquatic 
fruit called gorgon nut (Euryaferox). It is considered 
to be a highly nutritious dry fruit grown mainly in 
Bihar, Assam, some parts of Up, West Bengal, Tripura, 
J&K, etc. The newly developed  makhana popping 
machine is able to roast and pop the kernel at about 
35-40kg raw wet  seeds per hour  and produce high 
amount of  grade I popped kernel. It has replaced 
manual roasting and popping operations. The 
machine consists of a hopper, screw conveyor 
type roaster (having two continuous barrels of 1m 
length, one roaster is heated with thermic oil (3kW) 
and other roaster by mounting three band heaters 
of 3kW). The screw is rotated by belt pulley drive 
with motor of  0.5 to 1hp power. The residence time 
of roasting in barrel is controlled by controlling the 
speed of belt and pulley drive. Working temperature 
of both roasters varies between 200-340°C. 
Power supply to all heaters should be controlled 
through individual switches. Temperature of both 
roasters should be controlled using good quality 
temperature controller cum indicators.  Speed 
of the screw conveyor should vary between  
10-50 RPM. The developed makhana  
popping machine has decortications efficiency of 
95% along with popping efficiency of 90-94%. The 
capacity of the machine is 35-40 kg raw wet seeds 
per hour

Cost of the machine:  3,50,000
Available with Mr.Shivananad M. Shelge, M/s Nexgen 
drying systems, # C902 Sigma One building, Pune - 411038 
Mobile-9822651535, Phone 2024392372

Cost of the machine:  2,50,000
Available with Mr.Shivananad M. Shelge, M/s Nexgen 
drying systems,  # C902 Sigma One building,Pune - 411038 
Mobile-9822651535, Phone 2024392372
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kernels. It is economical, highly digestible, anti 
nutrients free, flatulence free and nutritious. The 
proximate composition of beverage was found 
to be moisture 81.2±0.5%, ash 0.16±0.05%, fat 
3.15±0.51%, protein 3.27±0.34%, carbohydrate 12.2 
% and total solids 18.8±0.5% on fresh weight basis.

Most Commercialized Technologies from 
CIPHET 

Groundnut Based Flavoured Beverage,Curd and 
Paneer
India is the second largest producer of groundnut 
in the world. Groundnut contains on an average 
40.1 % of fat and 25.3 % of protein and is a rich 
source of calcium, iron and vitamin B complex like 
thiamine, riboflavin, niacin and vitamin A. Animal 
milk, in India at any rate, has a venerated place as a 
food for both children and adults. Keeping in view 
of the shortage of milk, scientist all over the world 
worked extensively to find out some substitute for 
milk, which looks like milk but not from the animal 
source. They have succeeded in their endeavors 
and the outcome of their strenuous efforts is the 
manufacture of imitation milks. Imitation milks are 
those milks, which are made from food materials 
of vegetable origin such as groundnut, soyabean 
etc. Groundnut has a potential role to play in 
combating malnutrition, the present low level 
in its consumption, especially in the developing 
countries, should be increased. ICAR-CIPHET, 
Ludhiana has taken lead in for the development of 
groundnut based dairy analogues such as flavoured 
beverage, curd, paneer etc.

Groundnut (Full fat) flavoured beverage

It is milky white product prepared from groundnut 

Cost of Technology and other details: Director ICAR-CIPHET, 
Ludhiana- 141004

Groundnut Flavoured Beverage

 Groundnut Curd Groundnut Paneer

Technology Commercialized to : 19 Entrepreneurs 
Licensing fee of technology : Rs. 25,000/- 
Approximate cost of Project : Rs. 21 lakh for 250l 
peanut based beverage /day

Process for Making Green Chilli Puree and Powder
India is not only the largest producer but also 
the largest consumer of chilli in the world. India 
contributes about 36% to the total world chilli 
production. In India, Chillies are grown in almost 
all the states throughout the country. The time 
and stage of harvesting of chilli is governed by the 
purpose for which it is being used. The green chilli 
has more Vitamin C and antioxidant properties and 
finds a different place for preparation of Indian 
recipes. The fresh green chilli takes 3-4 weeks to 
become complete mature red and thus harvested 
for drying and powder making. Green chilli powder 
may be one of the important value added product 
from fresh green chilli. This technology prevents the 
post-harvest losses in green chilli and on the other 
end the more fresh chilli on plant. ICAR-CIPHET has 
developed a process technology for green chilli 
puree and powder. The process of green chilli puree 
and powder preparation consists of destalking, 
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washing, blanching, crushing, pulping for puree 
making, pasteurization and bottling. The residue left 
after pulping is dried for powdering and packaging. 

The fresh green chilli is cleaned and destalked. The 
destalked green chilli is washed to  remove the dust 
and dirt. Then the green chilli is blanched at 95oC for 
4 minutes for enzymatic deactivation. The blanched 
green chilli is thus crushed in rotary crusher for size 
reduction. The crushed chilli is subjected to pulping. 
The pasteurized pulp containing 16-18 % total solids 
is termed as green chilli puree.  

Green Chili Puree

Green Chili Powder

The crushed green chilli is dried to 4% moisture 
content and pulverized to get green chilli powder. 
Green chilli powder is a new product, which appeal 
better in colour and taste over red chilli powder. 
Green chilli has special use in many Indian snack 
preparations such as bhujia, ‘papad’ and ‘namkeen’ 
etc. where the red colour is not desirable. The market 
of red chilli already exists at domestic and export 
level. Thus, the market of green chilli powder fetch 
immediate customer in India and abroad. From one 
kilogram of fresh green chilli one hundred and fifty 
gram of green chilli powder could be obtained.

Post-Harvest Machinery at ICAR-CIPHET 
Ready for Commerc-ialization 

Grader for Oblong and Round Fruits and Vegetables
Elliptical fruits and vegetables like Ber fruits are 
presently not graded or graded manually before 
sending to the market. The developed machine 
can also be used for grading the other small to 
medium size fruits and vegetables like aonla, 
jamun, tomato and onion etc by varying degree of 
inclination to horizontal plane and rotational speed. 
The developed fruit grader is suitable for both at 
farm level as well as commercial level operations. 
The machine consists of a rotating disc of 80 cm 
diameter placed horizontally.In accordance to one 
aspect of the invention, a system to feed the fruits in 
a single layer, orient the fruits in specific direction, 
and grade the ber fruits was developed. The system 
was tested for its grading performance for ber, aonla 
and tomato and it gave grading efficiency above 
90% with less than 0.1% mechanically damaged 
fruits. Performance of the machine solely depends 
upon rotational speed of the disc and clearance 
between grading board and disc surface. 

Technology Commercialized to : 14 Entrepreneurs
Licensing fee of technology : Rs. 35,000/- 
Approximate cost of Project : Rs. 20 lakh for 1000 
kg/day (Fresh green chilli) 

Cost of Technology and other details: Director ICAR-CIPHET,  
Ludhiana- 141004 
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Pneumatic Assisted Coring Device for Oblong 
Fruits
A prototype machine consists of a hopper, 
moveable wooden roller, extended fruit dropper, 
coring plunger and stone remover outlet.  Wooden 
roller has a capacity to contain 6 fruits at a time, 
which drop the fruits through dropper in to specific 
groove on wooden fruit holding base for removal of 
stones. All the power transmission is controlled by 
pneumatic air cylinders. Coring plunger unit made 
of stainless steel is attached to the main frame. 
The wooden frames of size 47×5 cm are mounted 
on individual mild steel sheet in an equidistant 
manner on circular movable unit which rotates only 

Cost of Technology and other details: Director ICAR-CIPHET, 
Ludhiana- 141004 

in clockwise direction. The machine is also suitable 
for coring of other oblong fruit like fresh date palm 
fruits.

On-line grading system for mangoes based on 
ripening and size using machine vision technology
The machine has the capability of grading the 
mangoes based on its ripening level and size 
simultaneously using advanced machine vision 
technology. The machine capacity is620 to 650 
fruits/h or 200-300 kg/h.The machine effectiveness 
was 95-98%. The cost of operation for machine was 
calculated as Rs.0.60 per kg of fruits, compared to 
the cost of manual grading of Rs. 2.60 per kg of fruits. 

Cost of Technology and other details: Research Engineer, 
AICRP-PHET Centre, TNAU, Coimbatore
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Agricultural Machinery Industry in India

By Mr.BalachandraBabu, President (AMMA-India)

About AMMA- India
The Agricultural Machinery Manufacturers’ 
Association (AMMA-India) was formed at the 
behest of Secretary, Agriculture and Cooperation, 
Ministry of Agriculture, Govt. of India and Secretary, 
Department of Agricultural Research and Education 
(DARE), Ministry of Agriculture, Govt. of India and 
Director General, Indian Council of Agricultural 
Research (ICAR). 

The mission statement of AMMA-India is

“AMMA-India is committed to the growth of Indian 
Agricultural Machinery Industry in such a way 
that it is able to assist the farmers in achieving 
sustainability and profitability through appropriate 
farm mechanization”

With the continuous efforts of AMMA-India, farm 
mechanization now is a key area in policy framework 
of Central as well as state Governments. Accordingly, 
Sub Mission on Agricultural Mechanization (SMAM) 
has been envisaged for implementation from 
XII plan onwards with the aim at catalyzing an 
accelerated but inclusive growth of agricultural 
mechanization in India.

Introduction
India is a country with various landforms ranging 
from lofty mountains to ravine, deltas and also 
including high altitude forest of Himalayas, 
sprawling grasslands of Indo-Gangetic plains, 
peninsular plateaus of South East and South West 
India and many other geological formations. The 
climate of India is full of extremities; and most prone 
sector to rainfall variations, either deficit or excess, 
particularly when it coincides with susceptible/
critical crop growth stages. Due to presence of a 
wide range of geological and climatic conditions, 
Indian agriculture is diverse and complex with both 

irrigated and dry land areas, capable of producing 
most of the food and horticultural crops of the world. 
India has an estimated 142 million ha cultivated 
area of which about 57 Million ha (40%) is irrigated 
and remaining 85 Million ha (60%) is rain-fed. Rice, 
wheat, maize, sorghum, and millet are the five main 
cereals grown in India. Along with this the pulses, 
oilseeds, cotton, jute, sugarcane, and potato are the 
other major crops. 

India ranks second worldwide in farm output 
but the economic contribution of agriculture to 
India’s GDP is steadily declining with the country’s 
broad-based economic growth. In India, 63 percent 
holdings are below 1 ha accounting for 19 percent 
of the operated area while over 86 percent holdings 
are less than 2 ha accounting for nearly 40 percent 
of the area.

Farm mechanization in India has come a long way 
during the last 60 years and still there is tremendous 
scope as it is required in every unit operation 
of agricultural production, post harvest, food 
processing and rural living. Farmers, policy makers 
and developmental agencies now realize that for 
raising farm productivity at reduced unit cost of 
production, mechanization is essential.

India
Total population  :  1.21 billion (2011)
Population growth rate  :  1.5% annually
Majority (69%) of people live in rural areas.
Land area: 297.3 million ha (2.4% of world) and 17% 
of population; 
Only 4.2% of world water; 1200 mm annual rainfall
Agriculture accounts for 80% of water needs;  60% 
from ground water.
52% workers in Agriculture: 14% of GDP;
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Indian Agriculture
Indian agriculture contributes 14% of GDP and rest 
86% is contributed by industry and services (Fig. 1).

Cost of Technology and other details: Director ICAR-CIPHET,  
Ludhiana- 141004 

Level of Farm Mechanization in India: 
Level of mechanization is about 40 to 45% (Table 1).

Table 1: Level of mechanization in India

Indian  Agricultural Machinery Industry
250 Medium to Large Scale Units

2,500 Small Scale Industries

15,000 Tiny Industries

1,00,000 Village level Artisans

32,000 Crore Industry, CAGR growth 5%

INDIAN  AGRICULTURAL MACHINERY INDUSTRY

Fig. 2: Major share of industry.

Fig. 3: Labour composition in different sectoe

Major share in industry is of tractors (66%) and 
agricultural machinery has only 34% share (Fig. 2). 
Figure 3 gives labour composition in different sector. 
Table 2 gives the list if industries manufacturing 
various farm equipment.
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Table 2: Manufacturing Units in India

Equipment manufacturers Equipment manufacturers

Agricultural tractors 13

Power tillers 2

Irrigation pumps 600

Plant protection equipment 300

Combine Harvester 48

Reapers 60

Threshers 6000

Seed Drills and planters 2500

Diesel oil engines 200

Plough, cultivators, harrows 5000

Chaff cutter 50

Rural artisans (hand tools) >1 million

Tractor and its Manufacturing in India
Agricultural tractors, which represent 66% of 
total farm equipment production, are expected 
to continue to grow at a steady pace of 5% (Fig. 
4). Combines and other agricultural machine 
production should increase in a similar way at 
a 5% CAGR. The key growth driver is increased 
mechanization and the shift from low to higher 
horsepower machines as farmlands consolidate.

When looking at the top 10 engine suppliers today 
(Fig. 5), we see that the market has remained fairly 
stable and is dominated by domestic players. 
Going forward, however, we expect that many 
manufacturers will collaborate to improve their 
product ranges. India is also a good base from which 
to export engines to the surrounding markets of 
South Asia and the Middle East.

The agricultural equipment manufacturing market 
remains concentrated, with the top five companies 
representing 83% of the market, as seen in the 
Fig. 5. We are expecting aggressive marketing and 

Fig. 4:  Different farm equipmenr production in India

Fig. 5: Top 10 engine suppliers

Fig. 6: Market share by different group of companies

product strategies to be implemented in line with 
the changing market dynamics. Domestic engine 
suppliers make up a large segment of the agricultural 
machinery markets in India. The top five suppliers of 
agriculture equipment in India represent more than 
80% of the market (Fig. 6). Today, 96% of engines 
operating in the agriculture segment are below 60 
kW. The market is forecast to trend toward higher 
outputs in the next decade, though the pace of 
this trend is relatively slow. Most manufacturers 
are beginning to announce new, more powerful 
machines. Mahindra recently announced plans 
to launch more than six new models under the 
Mahindra and Swaraj brands in the years to come. 
Fig. 7 gives sales of tractors year-wise.
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Fig. 7: Year-wise sale of tractors in India

Summary
In summary, agriculture equipment production 
in India is expected to remain flat in 2015, but the 
market will grow at a 5% growth rate in the next five 
years. Overall, the market remains concentrated, 
although introduction of new government 
regulation and the shift to higher output machines 
will help boost growth in the medium and long term. 
Unit volumes of agricultural equipment produced 
in India will continue to rise in the next 10-15 years, 
with India representing 12% of global equipment 
production by 2020.
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Abstract
This paper focuses mainly on need of testing, 
certification & standardization of farm machinery 
- Authorized Institute’s for Testing of Farm 
Machinery - Role of Impartial Authorized Agency in 
Standardization and Commercialization of Tractors, 
Power Tillers & Combines Harvesters - Tips on basic 
designing aspects of agricultural machinery aimed 
for greater acceptability among the users - Steps 
to be taken for development of No-defect machine 
- Scope of future development in certification & 
standardization of farm machinery. 

Introduction
India having total geographical area of 329 million 
hectares out of which 53% (2009-2010) are under 
cultivation.  The size of farm, agro-ecological 
condition, types of soil are varying widely. On the 
basis of crop and agricultural practices followed, 
the area has been divided into eight different agro-
ecological regions. These regions have their own 
requirement of different types of farm machinery 
for various operations. With the wide variation of soil 
and agro-climatic conditions, agronomical practices 
and cropping patterns may make one machine 
useful in one region and useless in the other.  

In the dynamic and fast changing scenario of the 
country; particularly with regard to diversification 
in the cropping pattern and commercialization of 
Agriculture, the farmers require more efficient and 
sophisticated, crop oriented equipments. 

As far as the farm equipment industry is concerned, 
the major component of manufacturing community 
is in the Small-Scale Sector.  The ICAR and other 
State Agencies have taken the lead in Research 
& Development work in respect of implements 
/ equipments to support the small-scale sector.  
With this heavy investment on farm machinery, 
it is necessary to have some means of assessing 
the performance of machines being brought out 
by Regional Research Centres, Manufacturers and 
other State Agencies.  Besides this, the user must 
have some means of assessing the comparative 
worth of machines available.  The implement 
manufacturer cannot afford to have their own 
Research & Development facilities.  Thus, the field 
of agricultural machinery testing is most important 
and presents greater challenge in achieving quality 
and standardization. There is a need to have 
an impartial agency for evaluating agricultural 
machines for commercialization. 

Importance of Farm Mechanization:-
The efficiency of mechanization can be judged 
from the fact that, modern plough is about 200 to 
300 % efficient than indigenous plough, efficient 
machinery helps in increasing productivity by about 
30% besides, enabling the farmers to raise a second 
crop or multi- crop making the Indian agriculture 
attractive and a way of life by becoming commercial 
instead of subsistence. There is a need to double the 
food production by 2020. This will call for raising 
more crops in a year thus limiting the turn around 

Need for Testing and Certification in Farm Mechanization

J. J. R. NARWARE*
* Director, Central Farm Machinery Training and Testing Institute 

Tractor Nagar, Budni (M.P.) - 466445 
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time. Increased production will require more use 
of agricultural inputs and protection of crops from 
biotic and abiotic stresses. This will call for greater 
engineering inputs which will require development 
and introduction of high capacity, precision, reliable 
and energy efficient equipment.

Earlier, it was considered that mechanization creates 
unemployment. The myth has been broken and it 
has been observed that, agricultural mechanization 
besides increasing production and productivity also 
generates income and employment opportunities. 
Several studies conducted in different parts of 
India have shown that mechanization has helped 
in increasing production, productivity, generation 
of income and employment. Punjab, a highly 
mechanized state, employs 7.0 lakh laborers from 
adjoining states, out of which 3.5 lakh are employed 
on a regular basis and remaining during the main 
cropping season. Total farm power availability has 
increased from 0.30 kW/ha in 1960-61 to 2.02 kW/
ha in 2013-14. The availability of draft animals is 
reducing, thus shortfalls have to be met mostly 
through electromechanical power sources. The 
number of land holdings is increasing and holding 
size has declined from 2.30 ha in 1970-71 to 1.57 ha 
in 1990-91. Small (1 to 2 ha) and marginal (below 1 
ha) farms numbering 78 % of the total number of 
holdings, cultivate only 32.1 % of the area; whereas 
20.4 % medium farms (2 to10 ha) account for 50.4 % 
of the cultivated area and 1.7 % large farms (above 
10 ha) account for 17.5 % of the cultivated area.                                               

However, it is heartening to note that average 
emerging land holdings are large enough for 
mechanized farming as evidenced in Punjab and 
Haryana. As discussed in the earlier paragraph, one 
of the major constraints of increasing agricultural 
production and productivity is the inadequacy 
of farm power and matching machinery with the 
farmers. The average farm power availability needs 
to be increased from the current 1.15 kW/ha to at 
least 2 kW/ha to assure timeliness and quality in 
field operations, undertake heavy field operations 
like sub soiling, chiseling, deep ploughing, summer 
ploughing, handling agricultural produce and 
byproducts efficiently, process them for value 
addition, income and employment generation. All 
these works in agricultural operations is possible 
to be attended only when adequate agricultural 
mechanization infrastructure is created.

Level of Mechanization On Various Farm 
Operations:-
For sustainable development of agriculture and 
enhancement of land productivity, improved 
implements and quality agricultural machines 
are important.  They help to achieve timeliness 
of farm operations enabling efficient use of other 
inputs such as seed, chemicals, fertilizers and water.  
Present level of farm mechanization for major crops 
has been tabulated in Table-1. 

Table – 1

S. No. Operation Percentage

1.

Tillage 40.2

-Tractor 15.6

-Animal 24.7

2.

Sowing with drills and 
planters

28.9

-Tractors 8.3

-Animals 20.6

3. Irrigation 37

4.
Thresher- Wheat 47.8

-Paddy and others 4.4

5.

Harvesting 

-Reapers 0.56

-Combines 0.37

6. Plant protection 34.2

Crop-wise production (2013-14)

Table – 2

Crop Production1 (million-tones)

Paddy 106.54

Wheat 95.91

Coarse cereals 43.05

Pulses 19.27

Food grains 264.77

Oilseeds 32.88

Sugarcane 350.02

Cotton 36.59

Jute and Mesta 11.58

All crops combined 960.61

Source: Directorate of 
Economics & statistics, 
Dept. of Agric. Coop.
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Testing of farm machinery is an integral part of its 
design process.  In case of experimental design, the 
chief objective being to test and develop certain 
ideas or principles of operation, which can be 
achieved only by testing of experimentally designed 
machine. Several complete experimental units may 
need to be built and tested before a satisfactory 
design is evolved. In case of prototype machines, 
they may undergo tests and modifications for several 
times before the design is finalized for production. 
These machines should be operated by the users in 
actual fields under a wide range of conditions and 
their performance has to be assessed periodically 
by the designer. Laboratory tests are conducted 
to determine the durability of the machine. At this 
stage product shall be afforded for confidential 
test to Authorized testing authority.

 Based on the results of field and laboratory tests 
of the prototype machine, the final design is then 
released for initial commercial production.  Now, 
the product is ready for its initial launching in the 
market to obtain second opinion of the users. If 
the users’ response is found to be satisfactory, then 
the product should be offered for commercial 
test to determination of its actual performance 
by an authorized impartial agency, on the basis 
of nationally/globally adopted standardized test 
procedures.

Standardization and Certification of Farm 
Machinery: -
The Bureau of Indian Standard (BIS) is the Regulatory 
Agency for Standardization and Certification 
(quality control) of products. BIS is formulating 
different Standards on farm machinery. There 
are 14 Division Council and over 650 Technical 
Standing Committees related to Food & Agriculture 
Department (FAD)3 who have brought out 19000 
Standards.  Out of Twenty Eight FADs; FAD-11, FAD-
17, FAD-20 FAD-21, FAD-22 & FAD-27 specifically 
deals with Agricultural Tractors & Machinery / 
Implements. Standards are usually divided into basic 
Standards, Product Standards, Testing Standards 
and Safety Standards. Standards define the general 
shape, dimensions, material of construction; 
minimum performance limits and test procedures 
and these are vital in improvement, ensuring quality 
and safe use of machinery.

The main objective of standardization is (a) To 
promote interchangeability between implements 
and prime-movers of different makes and models, 

Fig.1: Farm power availability from different power  
sources on Indian farms

Farm power availability in India:
Table – 3

Year Farm Power Availability in 
India

1960-61 0.30 kW/ha

2013-14 2.02 kW/ha

India is the second largest producer of paddy at 
global level where as the production is the 106.54 
m-tones among other major crops.  Mechanization 
level for low land cultivation seems to be very low 
which calls for consideration.  There is need to 
introduce mechanization as successfully followed 
by Eastern Asian Countries.  Introduction of paddy 
transplanters, self-propelled reapers, ear-head 
feeding type combines and power weeder may 
play a vital role in enhancing mechanization level. 
Similarly efficient machines/implements should 
evolve for various major operations reducing 
manual and animal power in other major crops as 
well. 

Need for Farm Machinery Testing: -
Testing of the farm machineries means a systematic 
determination and analysis of (a) functional 
performance characteristics, (b) power requirement 
for a machine or component (c) stresses from static 
or dynamic loading, (d) durability (e) wear rate, and 
(f ) external forces acting upon a machine. Testing is 
defined as analysis of behavior of a machine when 
compared with standard codes/norms under ideal 
and repeatable conditions.  The nature of functional 
tests varies widely, depending upon the type of 
machine or implements under consideration and 
upon the test objectives. 
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(b) To promote safer operation of implements and 
machines, (c) To reduce the variety of components 
requirement to service the industry, and (d) To 
promote uniformity in the methods of specifying 
equipment capacities, sizes and ratings.

Certification is a procedure by which a third-party 
(certification body) gives a written assurance that 
a product, process or service (of an organization) 
conforms to specified requirements. For quality 
control of farm machinery BIS is operating 
a Certification Marks Scheme, under which 
manufacturers are licensed to use the ISI mark 
on machine/components produced by them in 
conformity with the relevant Indian Standards. 
Certification of farm machinery/component means 
continuous production of standardized machinery/
component, which meets the requirements of 
relevant BIS standard or meets the determined 
specifications and performance during initial 
commercial test of the same model of machine.

Authorized Institute’s for Testing of Farm 
Machinery:  
The Government of India has established four Farm 
Machinery Training & Testing Institutes (FMTTI) 
located at Budni (MP), Hisar (Haryana), Garladinne 
(A.P) and Biswanath Chariali (Assam).  The mandate 
of FMTTIs is (1) Human resources development by 
organizing on-the-job training for effective and 
optimum utilization of agricultural machinery (2) 
Testing, evaluation and certification of tractors 
and other farm machinery. These Institutes plays a 
virtual role of impartial agency between designers/ 
manufacturers and users of agricultural machines 
as well as other agencies responsible for the 
introduction and popularization of farm equipments.  
The FMTTIs are the sole authority for performance 
evaluation of all agricultural machineries. These 
Institutes are evaluating the performance of the 
farm machinery as per the relevant Indian Standard 
/ ISO / OECD Test Procedures. Therefore the test 
reports released by these Institutes are acceptable 
on National as well as Global level. 

yy Thus Testing and Certification by an Authorized 
Impartial Agency will play a vital role in bringing 
the product at par excellence and open up 
avenues in Commercialization of agricultural 
machinery not only on national level but also 
Globally.  

The Budni Institute has been authorized to test 
Tractors, Power Tillers, Combine Harvester & 

other Farm Machinery. The Hisar Institute has 
been authorized to test Combine Harvesters and 
other farm machinery besides recognized for BIS 
Certification Marks for Plant Protection Equipments, 
IC Engines & Irrigation Pumps. Garladinne Institute 
has been authorized for Power Tillers, testing & 
evaluation of all farm machinery accepts Tractors, 
Combine harvesters. Biswanath Chariali Institute 
has been authorized to test other farm machinery. 
Apart from this, Government of India, Ministry of 
Agriculture, Cooperation and Farmers Welfare, 
New Delhi has authorized 30 identified Institutions 
for testing of all non-self-propelled Agricultural 
machines/ equipment throughout the country to 
cater the needs of the manufacturer & farmers timely. 
The total machines tested by these institutions are 
near about 3585 (till Jan, 2016).

The nature of test, objectives and Testing 
achievements are given as under:- 

Nature of Test: - 

As per test regulations, two categories of tests viz. (1) 
COMMERCIAL (2) CONFIDENTIAL will be carried out 
at Farm Machinery Training & Testing Institutes.

Commercial Tests:  are for establishing performance 
characteristics of machines that are in or ready for 
commercial production.  The following types of 
commercial tests will be under taken:

(a) Initial Commercial Tests on indigenous 
or imported prototype machines ready for 
commercial production.

(b) Batch Test on machines, which have already 
undergone initial commercial test and/or 
are being manufactured commercially in the 
country.

(c) Test in accordance with OECD Standard Test 
Code shall be undertaken on machines (which 
have already undergone initial commercial test) 
on the specific request of the manufacturer/
applicant, exclusively for export purposes.

(d) Confidential Tests: are for providing confidential 
information on the performance of machines, 
whether ready for commercial production or not or 
to provide any special data that may be required by 
the manufacturer/applicant.



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

59

Objectives of Testing: -
To test Tractors, implements, engines, pumps 
and other agricultural machines manufactured in 
the country with a view to assess their functional 
suitability and performance characteristics under 
different agro climatic conditions so that the 
published test results would: -

Serve as a basis to decide the type of machinery 
best suited for Indian conditions, which could be 
encouraged for production and popularization.

Help the farmers and other prospective purchasers 
in determining the comparative performance of 
machinery available in the market.

Provide material to researchers/designers for 
undertaking development work on agricultural 
machinery, engineers and extension workers for 
guiding farmers and other users in proper selection 
of equipment.

Form basis for standard specifications to be used by 
the manufacturers and distributors.

Help financial Institutions in recommending 
financial assistance to the manufacturers as well as 
to the farmers.

To carryout trials on machinery and implements 
which have proven successful in other regions of 
the world with a view to explore the possibility of 
their introduction in the Country.

To maintain check over the quality of agricultural 
tractors and other important agricultural machines 
through “Batch Testing” programme and also assist 
the manufacturers in the product improvement 
and facilitate updating the specifications of these 
machines.

To provide feedback to the manufacturers through 
“Users’ Survey” aiming at the farmers response and 
the standard of after sales service provided by them.

To promote export of agricultural machines, 
especially tractors, through testing in accordance 
with International Standards/OECD standards.

To test/inspect tractors, combine harvesters for 
issuance of certificate under Central Motor Vehicle 
Rules (CMVR).

To assist Bureau of Indian Standards in the 
formulation of various standards on agricultural 
implements and machines.

To carry out allied research development on 

agricultural machines and implements.

Achievements: -
So far these FMTTIs have tested 4255 machines 
under different categories.  Category wise machine 
tested at all FMTTIs up to March, 2016 are shown in  
Fig. 2

Fig. 2: Category-wise Machines Tested

With intensive testing and certification on farm 
machinery, these FMTTIs have shown their presence 
in the farming industry bringing about overall 
development in the farm mechanization.  Role of 
these FMTTIs can be visualized by analyzing the 
developments brought out on major category of 
farm machinery as enumerated below:

Case Studies: - 

1.  Tractors:
Tractor manufacturing in India started in the year 
1961 with foreign collaborations and gradually 
technologies have been developed with indigenous 
know-how.  Most of such collaborations were from 
Eastern European Countries.  The Imported Tractors 
as such were not found to be suitable to the Indian 
Agro-climatic conditions because the same has to 
be operated for both upland & lowland cultivations, 
and varying temperate conditions. While approving 
imports/collaborations in manufacture of tractors, 
Government of India made it mandatory that the 
Tractor allowed to be commercialized should be 
tested by an impartial agency under laboratory and 
actual field conditions to ensure that they are suitable 
to Indian Agro-climatic conditions. Therefore, a 
National Testing Authority Centre was established 
which is presently known as Central Farm Machinery 
Training & Testing Institute.  With the constructive 
efforts, these imported/indigenous tractors have 
been developed so as to suite to our conditions.  This 
could be achieved with their relevant suggestions for 
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development/modifications of tractor according to 
our requirements.    Initially, the Institute has started 
Confidential and Commercial Tests of tractors.  For 
effective and continuous quality control of tractors, 
Batch Tests were initiated in 1973.  

This effort has gradually brought the tractor more 
versatile suiting to our agro-climatic conditions.  With 
a view to augment export market for Indian Tractors, 
Budni Institute has been recognized by Organization 
for Economic Co-operation & Development (OECD) 
for testing as per their Standard Test Codes in the 
year 1988.  Now the tractor industry has become 
self sufficient to meet the internal demand besides 
contributing considerably to export market. 
Different stages of development of Tractor Industry 
are given as under:

1. Durability of tractors has been given prime 
importance. Cooling systems were optimized to 
suite varied temperate conditions by introducing 
High Ambient Condition Tests. Tractors in lower 
horsepower range have been developed.  They 
have been modified to suit upland as well as 
lowland cultivations.

2. The norms for Specific Fuel Consumption (SFC) 
of the tractor has been got enforced.  Initially, 
the SFC of tractor was in the range of 300 to 
350 g/pto-kWh.   Introduction of direct injection 
engines, new combustion chambers, reduction 
in friction losses, optimization of cooling system 
and precision settings of Fuel Injection Pump 
(FIP) brought down the SFC.  These modifications 
have improved the SFC in the range of 14.8 to 
21.9 %, resulted in considerable fuel saving.  Few 
examples for such transformation in SFC are 
compared below:

Table-4
Fuel Efficiency Norms6

PTO Power Max. Specific Fuel 
Consumptions

HP kW g/pto-hph g/pto-kWh

Up to 25 18.4 205 279

26-35 19.1 to 25.7 200 272

36-55 26.5-40.4 195 265

Above 56 41.2 185 252

Table-5

Comparison of SFC of previous and existing models of tractors  (Before enforcement of emission norms)

Previous Model Existing Model SFC (g/pto-kWh) % Improvement in 
SFC Before Norms After Norms

TAFE MF 1035 TAFE MF 1035 DI 311 243 21.9

HMT-3511 HMT- 3511 EDI 301 254 15.6

Mahindra B275 Mahindra B275 DI 321 257 19.9

Ford Farmtrac 297 253 14.8

Emission Norms for Tractors in India:

Table-6
Limit value for type approval (TA) and conformity of production (cop)

Category Applicable from CO HC + NOx PM

g/kWh

<8kW 1-4-2010 5.5 8.5 0.8

8<=kW<19 1-4-2010 5.5 8.5 0.8

19<=kW<37 1-4-2010 5.5 7.5 0.8

37<=kW<56 1-4-2011 5.0 4.7 0.4

56<=kW<75 1-4-2011 5.0 4.7 0.4

75<=kW<130 1-4-2011 5.0 4.0 0.3

130<=kW<560 1-4-2011 3.5 4.0 0.2
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Table-7
Emission Norms for Power  Tillers in India:

Parameters 
Bharat (Trem) Stage II 

norms
Bharat (Trem) Stage III 

norms

g/kWh

Mass of Carbon Monoxide (CO) 9.0 5.5

Mass of Hydro Carbons (HC) + Oxides of Nitrogen (NOx) 15.0 9.5

Mass of Particulate Matter (PM) 1.0 0.8

Table-8
Emission Norms for Combine Harvesters in India: 

Bharat 
Stage III (CEV)

Applicable with effect 
from the

CO HC + NOx PM

g/kWh

(1) (2) (3) (4) (5)

kW<8 1st April, 2011 8.00 7.5 0.8

8≤kW<19 1st April, 2011 6.60 7.5 0.8

19≤kW<37 1st April, 2011 5.50 7.5 0.6

37≤kW<75 1st April, 2011 5.0 4.7 0.4

75≤kW<130 1st April, 2011 5.0 4.0 0.3

130≤kW<560 1st April, 2011 3.50 4.0 0.2

Table-9
Category wise comparison of SFC of tractors (Unpublished Blue Book 2013, 

 data between May, 2003 to January, 2012)

PTO Power Max. Specific Fuel Consumptions

HP kW g/pto-kWh g/pto-hph

Up to 25 18.4 239 to 346 176 to 254

26-35 19.1 to 25.7 233 to 315 171 to 232

36-55 26.5-40.4 230  to 312 169 to 229

Above 56 41.2 246 to 286 189 to 210

Table-10
Comparison of SFC of previous and existing models of tractors (Before and after Trem III A)

Previous Model 
(Before 2010)

Existing Model
(After  2010)

SFC (g/pto-kWh) % Improvement 
in SFC Before Norms

(Trem III A )
After Norms 
(Trem III A)

ACE DI 350 ACE DI 350 + 273 267 2.20

SONALIKA INT. DI 60 CM SONALIKA INT. DI 60 RX MM 267 247 7.49

SAME DEUTZ-FAHR 3035E 273 263 3.66

MAHINDRA 475 DI MAHINDRA 575 DI POWER 
+

264 243 7.95

SHAKTIMAAN 45 SHAKTIMAAN 45 DLX 278 267 3.95
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1. Based on the test data generated by testing 
of tractors, a Blue Book containing vital data 
of different 62 tractors in production and 
marketing has been brought out for the benefit 
of manufacturers, research organizations, 
extension workers and end user’s. The second 
edition of the Blue Book was published in the 
year 1998, wherein important data of those 
53 tractors in production/marketing were 
compiled. Subsequently data generated during 
period between April 1997 and March 2002 has 
also been brought out. The third edition of the 
Blue Book was unpublished (compiled in the 
year 2013), wherein important data of those 
199 tractors in production/marketing were 
compiled. Subsequently data generated upto 
December 2012 has also been brought out.

2. Optimization of gearbox has been brought to 
suit different field operations.  Operator’s safety 
has been given importance and CMVR Rules has 
been enforced.

3. On the basis of data generated by intensive 
testing of tractors, Minimum Performance 
Standards has been formulated and enforced in 
the year 2002 to facilitate financial assistance to 
user’s and manufacturers. 

4. Tractor has undergone modification to fulfill 
the exhaust emission norms as a result of global 
warning.

5. Now the tractor has to be upgraded for 
ergonomically requirement by reducing 
mechanical vibration, environmental 
requirement of reduced noise level and high 
tech sophistications.

From the above, it can be seen that due to intensive 
testing and certification by an impartial third 
agency and continuous efforts of R&D of tractor 
industries, the Industry has become self sufficient 
and commercialized at global level and now the 
country is sharing 13.52 % export market.  The 
tractor Industry scenario has been so standardized 
that even Small Scale Industries has started 
manufacturing of tractors. 

1. Power Tillers
The import of Power Tillers started in 1961 and 
continued till 1974. Power Tiller manufacturing 
in India started in the year 1965 with Japanese 
collaborations and gradually developed 
technologies with indigenous know-how. Power 
Tiller being lightweight and walking type prime 
mover, has been found an ideal power source 
for small & marginal farms in lowland, hilly and 
orchard cultivations.  Keeping in view the utility of 

Power Tillers nine manufacturers have started their 
manufacturing till 1984, out of them only two have 
emerged as key manufacturers. After declaration 
of liberalization Policy of the Government of India, 
several traders have started imports of Power 
Tillers from China. At present 13 manufacturers and 
traders of power Tiller are available. The annual sale 
of Power Tillers is around 38290 units per year.  This 
was attributed to the limited production capacity of 
key manufacturers. 

Similar procedure (as in the case of Tractors) has 
been adopted for development of Power Tillers 
also.  This effort has gradually brought the power 
tillers more versatile suiting to the agro-climatic 
conditions. Batch Tests of Power Tillers for effective 
and continuous quality control have been started 
which is one of the factor for higher growth of this 
industry.   The stages of development of Power Tiller 
Industry are given as under:

1. Durability of Power Tillers was given prime 
importance. Cooling system was optimized to 
suite varied temperate conditions by introducing 
High Ambient Condition Tests. Power Tillers in 
higher horsepower range have emerged.  New 
matching equipments have been developed 
with the support of ICAR’s R&D.

2. The norms for Specific Fuel Consumption 
(SFC) has been got enforced.  As a result fuel 
economical models of Power Tillers have 
emerged having SFCs in the range of average 
349 (2009-2014) to average 266 (2015-16) g/
kWh.  The SFC8 has been reduced by 23.8%, 
which has resulted in considerable fuel saving in 
their operations.

3. Based on the test data generated by initial 
commercial testing of power tillers, a Red Book 
containing vital data of different make power 
tillers, in production and marketing has been 
brought out in the year 1998. The second edition 
of the Red Book was published in the year 2002, 
wherein important data of those 14 power Tillers 
in production / marketing were compiled. 

4. On the basis of data generated by testing of 
power tillers, Minimum Performance Standards 
has been formulated and enforced in the year 
2002 to facilitate financial assistance to user’s 
and manufacturers.

5. Bharat (Trem) Stage III Emission Norms are 
applicable to Power Tillers as on date.

From the above, it can be seen that due to testing & 
certification and continuous efforts of R&D of Power 
Tiller industries & ICAR, the Industry is growing 
though slowly.  Slow growth of this industry may be 
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attributed to the following few factors: -

a) Initially most of Power Tiller Manufacturing 
Units shown less interest in development/
modifications as suggested by the Testing 
Authorities due to their limited scope.  Hence 
these units could not survive longer.   

b) The Power Tiller Market remained a sellers’ 
market for a longer duration, due to the fact that 
only two manufacturers lead the market having 
their limited production capacities and could 
not fulfill the demand. 

c) Non-enforcement of Batch testing of Power 
Tillers, resulting in absence of continuous quality 
control checks. Now the batch testing has been 
enforced. 

d) Most of the traders seems to be technically 
incompetent having insufficient infrastructure, 
after sales & service network as well as R&D 
facilities of their own. 

e) The Chinese make Power Tillers are not worth 
compete with Indigenous makes, due to their 
non-standardized performance and durability. 

3. Combine Harvesters
The self-propelled combine harvesters were 
imported in India in the year 1970.  The first 
Indigenous combine harvester was manufactured 
by M/s. Panjab Tractor Limited, in the year 1981-
82. Since then, the small-scale sector also took up 
manufacturing of self-propelled combine harvester 
in addition to the tractor mounted combine 
harvesters, already being manufactured by them.  
The design of indigenous combine harvester is the 
replica of European combine harvesters.   Later, 
the components of combine harvesters are so 
standardized that even village artisans of Punjab 
have started manufacturing the combine harvesters.  
Presently, more than 85 manufacturers of combine 
harvesters are available in the country.

Confidential/Initial Commercial Test on Imported/
Indigenous Combine Harvester was started 
before introduction in to Indian Market.  With the 
constructive efforts, indigenous combine harvester 
has gradually brought the machine more versatile 
suiting to the agro-climatic conditions. Batch Tests 
of Combine Harvester for effective and continuous 
quality control have been started. The stages of 
development of Combine Harvester Industry are 
given as under:

1. Initial combines suffered overheating of prime 
mover.  The cooling system of prime mover has 
been modified to suite combining operations.

2. Durability was given prime importance. The 
Grain Losses were reduced.  Developed for 
harvesting different crops.  Brought with 
different sizes of Cutter Bars.

3. The components of combine harvester are so 
standardized that the same are in easy reach.

4. Based on the test data generated by Initial 
commercial testing of combine harvesters, a 
Green Book containing vital data of different 
make combine harvesters, in production and 
marketing has been brought out in the year 
1998 for the benefit of manufacturers, research 
organizations, extension workers and end user’s. 
The second edition of the Green Book was 
published in the year 2002, wherein important 
data of those 43 combine harvesters were 
compiled which was in production/ marketing 
at that time. 

5. On the basis of data generated by testing of 
combine harvesters, Minimum Performance 
Standards are being formulated to facilitate 
financial assistance to user’s and manufacturers.

From the above, it can be seen that due to 
intensive testing and certification by FMTTIs and 
continuous efforts of manufacturers, the Industry 
has commercialized fully to meet not only the 
domestic market but also contributing exports. 
However, introduction of Ear Head Feeding 
Track type combines with lightweight and more 
ground clearance is the requirement for low land 
cultivations.

Farm Implements & Equipments

The most fuel economical prime mover will not 
be able to deliver desired performance without 
matching implements.  The demand of power 
drawn/operated implements has increased with 
the corresponding increase in use of tractors and 
other prime movers.   The manufacturer of farm 
equipment is reserved for small-scale sector.  Initially, 
the tractor manufacturers from their collaborators 
imported matching implements for tractor and 
undergone Confidential Tests.  After that, the tractor 
manufacturers have developed their ancillary units 
and started production of matching implements for 
their products. Presently, about 1261 implements 
manufacturing units/suppliers has been listed 
in Directory of Crop production Machinery 
Manufacturers in India 2015, AICRP, CIAE Bhopal.  
These units are located on various districts of various 
states of India. Some of the State Agro Industries 
have their own implements manufacturing units.   
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Confidential/Initial Commercial Test on Imported/
Indigenous implements was started before 
commercial production.  Ancillary units started 
by tractor manufacturers were fully aware of the 
importance of testing before taking commercial 
production. However, the implements manufactured 
in small-scale sector could not undergo testing for 
their effective development due to limited expertise, 
inadequate resources and infrastructure facilities.  
The quality of farm equipment manufactured by 
them is generally not of desired standards in spite 
of the fact that Government of India is extending 
financial assistance even at the time of testing 
by way of subsidized testing charges.  Also the 
small-scale manufacturers are not in a position to 
undertake research and development to improve 
the quality and performance of their products. 
They have been producing deferent categories 
of the machinery, each following its own design 
specification depending upon the availability of 
local raw materials and customer requirements. 
This has resulted in the marketing of non-standard 
agricultural machinery to the farmers. 

ICAR and other State Agencies have taken the lead 
in Research & Development work in respect of 
implements / equipments to support the small-scale 
sector.  The Regional Research Centers set up under 
the ICAR and State Agricultural Universities under 
different agro-climatic zones carry out studies for 
designing and development of prototypes taking 
into consideration; the multidimensional aspects.  
Such organizations have developed more than 2503 
machines. These prototypes developed by them, as 
such cannot be adopted for commercial production.  
However, most of such machines developed by these 
organizations have not undergone testing which 
seems to have percolated into the market without 
assessment of their performance by the Testing 
Authority. Whereas for testing of such machines, 
the Government of India has provided facility under 
Clause II (2) of Test Regulations in which no test or 
other charges will be levied for commercial testing 
of the machines developed by research units or 
ICAR or other Semi-Government/Government 
organizations, Universities or State Government 
Departments.  Some of the State Agro Industries viz. 
MAIDC, MP, UP & Punjab Agros have developed their 
prototypes and adopted a set procedure of testing 
before commercial production.  Thereby they have 
contributed their efforts in considerable growth of 
Implement Manufacturing Sector in their respective 
States.

It may be seen from Fig.2 and Annexure-II that 
only 6821 implements have been got tested at 
the FMTTIs & other designated testing centers.  
BIS Certification Mark Schemes are in vogue for IC 
engines, irrigation pumps and plant protection 
equipments and hence these equipments cannot 
be marketed without certification.  In respect of 
other implements/equipments the standardization 
has not taken place since, the test data generated 
so far in respect of implements/equipment are 
too small for deriving minimum performance 
standards on them. However, the components of 
some implements have been standardized and 
product standards are available for them.   Some of 
the important considerations which requires due 
attention for systematic commercialization of farm 
implements/equipments are as under: 

1. The designer/manufacturer should consider all 
available Product Standards for incorporation at 
the conceptual development stage itself.

2. The performance of prototype should be 
ensured by endurance testing to determine the 
objectives.

3. Successful prototypes after endurance tests 
should be offered to Authorized testing 
authority for initial commercial tests so that the 
performance and durability of the machine can 
be evaluated as per the Standards.

4. The commercial production of the machine 
should bring forth the recommendations / 
modifications suggested by testing authority.

5. To have a no-defect product, the manufacturer 
should offer the product once for Batch Tests.

6. All Central and State Government Agencies 
responsible for selection of Farm machinery 
under different subsidy schemes should 
recommend only certified/tested machines to 
avoid percolation of non-standard products into 
the market.

7. There is a need to organize the Small Scale 
Sector Farm Machinery Industries at State Levels 
like Tractor Manufacturers’ Association, Power 
Tiller Manufacturers’ Association and Combine 
Manufacturers’ Association to represent the 
Industry at various levels.

8. The leading Implements manufacturers from 
potential States be encouraged to establish their 
production units in other regions also. This will 
help in emerging of more efficient machinery 
for that region and he will play a role of guide 
for other local manufacturers.  
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Scope of Future Development in Mechanization: 
In the current global scenario an essential pre-
requisite of trade is that any product or service is 
accepted formally in one economy, must also be free 
to circulate in other economies without having to 
undergo extensive re-testing. WTO recognizes that 
non-acceptance of test results and measurement 
data is a Technical Barrier to Trade. Global sourcing of 
components calls for equivalence of measurement, 
which can be facilitated by a chain of accredited 
calibration laboratories. Accreditation is considered 
as the first essential step for facilitating mutual 
acceptance of test results and measurement data.

Accredited laboratories can objectively state 
conformance of product or service to specified 
requirements. It is important for the purchaser, 
regulator, government, and the public to be able 
to identify accredited testing and calibration 
laboratories.

Test Laboratories of all the FMTTIs are ISO Certified 
and having under mentioned advantages:

Better control of laboratory operations and 
feedback to laboratories as to whether they have 
sound Quality Assurance System and are technically 
competent.

Potential increase in business due to enhanced 
customer confidence and satisfaction.

Users of accredited laboratories will enjoy greater 
access for their products, in both domestic and 
international markets, when tested by accredited 
laboratories.

Saving in terms of time and money due to reduction 
or elimination of re-testing of products.

Conclusion:
The commercialization of farm machinery depends 
upon the quality of end product.  The product 
having No-defect will automatically be popularized.  
To develop a no-defect product, the role of Testing 
at various stages of development is paramount.  The 
overall performance derived during internal testing 
by the designer/manufacturer will not be sufficient 
for commercialization of product. It is a fact that 
the product cannot be evaluated impartially by 
the manufacturer/designer themselves.   Besides 
this, they may act partially to establish degree of 
deviation from standardized limits/norms from 
Basic standards, Product standards and Safety 
standards.  Moreover, the user will not generally rely 

on the claims of the manufacturer/designer even 
the performance of the product is par excellence to 
standardized products.  

To overcome the above-mentioned hurdles in the 
way of commercialization of farm machinery, it 
has become essential to get the product verified 
and evaluated by an impartial authorized Testing 
Authority before launching it in to the market. The 
modified machine emerged after amalgamating the 
suggestions of Testing Authority will be a no-defect 
machine and become valid for commercialization. 
The Testing Authority evaluates the performance 
of the farm machinery as per the relevant Indian 
Standards/ISO/OECD Test Procedures.  Therefore, 
the test reports published by the Testing Authority 
will be a valid one on national as well as international 
level.  

It is evident from case studies; that the certification 
of product by the third-party has played a vital role 
in commercialization of Tractor, Power Tiller and 
Combine Harvester. By means of Formulation of 
Minimum Performance Standards, which facilitate 
easy identification of efficient machine, financial 
support to manufacturers and users, provides data 
sources to designer and protects users’ interest. 
Therefore, it is established that the same process 
should be adopted for other farm machinery also.  
In future these Industries may face stiff competition 
from global trades. This step will certainly prepare 
a concrete base for the Farm Machinery Industries 
to meet the possible challenges posed by the WTO.

From the above it is concluded that the Testing and 
Certification of Farm Machinery by an impartial 
authorized agency is a Fundamental Step towards 
Mechanization.

Further the Agricultural Tractors, Power Tillers, 
Combine Harvesters and other agricultural 
machinery / implements should only be accepted 
for the purpose of subsidy / financing if the machines 
have been tested from the Identified Institutions 
and have valid Test Reports & CMVR Certificates.
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Annexure - I
 Address of Farm Machinery Training & Testing Institutes

S. No. Postal Address Contact Particulars

1 Director, 
Central Farm Machinery Training and Testing 
Institute, Tractor Nagar, Budni-466 445 , 
District Sehore (Madhya Pradesh)

Shri J. J. R. Narware,  Director
Shri C. V. Chimote, Test Engineer  

Website : http://cfmtti.nic.in/  Email     : fmti-mp@nic.in
Telephone : 07564 – 234743 (FAX) 234729 (O) 07564-234988

2 Director, 
Northern Region Farm Machinery Training & 
Testing Institute, Tractor Nagar,  Sirsa Road, 
Hisar-125 001 (Haryana)

Shri P. K. Pandey, Director
Shri R.K. Nema, Senior Test Engineer

Website : http://nrfmtti.gov.in/ , Email     : fmti-nr@nic.in
Telephone and FAX: 01662 –  276984

3 Director, 
Southern Region Farm Machinery Training & 
Testing Institute, 
Tractor Nagar, Garladinne – 515 731
District Anantapur (Andhra Pradesh)

Shri P. P. Rao,  Director
Smt. Kamlabai, Senior Agricultural Engineer

Website : http://srfmtti.nic.in/ , Email     : fmti-sr@nic.in
Tele./Fax:  08551 286441

4 Director, 
North-East Region Farm machinery Training 
and Testing Institute, Tractor Nagar, 
Biswanath Chariali, Assam

Shri K. K. Nagle, Director
Shri Shashikant Pawar, Agricultural Engineer (Testing)

Website : http://nerfmtti.gov.in/ , E-mail : fmti-ner@nic.in
Phone: 03715-222094,  Fax: 03715-230358 

Annexure - II

Sl. No. Name of testing center Year wise machines tested

2010-
11

2011-
12

2012-
13

2013-
14

2014-
15

2015-16 * 
till Jan,16

1 2 3 4 5 6 7 8

1. Farm machinery Testing Centre, 
College of Agricultural Engineering & Technology, 
Konkan Krishi Vidyapeeth, Dapoli

3 28 12 28 3 74

2. Farm Machinery Testing, Training and Production 
Centre, 
 Department of FM&P   
Dr. PDKV, Akola, Maharashtra.

- 9 34 16 57 116

3. State level Agriculture Implement Testing Centre,  
Agriculture Department, Govt. of Chhattisgarh, 
Raipur

19 60 80 56 112 66

4. Farm Machinery Testing centre,  
Central Institute of Agricultural Engineering (CIAE), 
  Bhopal

16 13 33 50 29 26
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Sl. No. Name of testing center Year wise machines tested

2010-
11

2011-
12

2012-
13

2013-
14

2014-
15

2015-16 * 
till Jan,16

5. Farm Machinery Testing centre  
College of Agricultural Engineering & Technology, 
Junagarh Agricultural University.

nil nil 39 79 102 49

6. State Level Farm Machinery Training and Testing 
Institute 
 Govt. of U.P., Rehmankhera, Lucknow

-- 07 21 20 21 33

7. State Farm Machinery Training-cum-Testing Institute,  
Faculty of Agricultural Engineering,  
Bidhan Chandra Krishi Viswavidyalaya (BCKVV), 
Mohanpur, (W.B.)

- - 4 - - -

8. Sam Higginbottom Institute of Agriculture, 
10.Technology & Science (AAI), Deemed University, 
Allahabad

The centre has yet to start Testing activity.

9. Jharkhand Agriculture Machinery Training & Testing 
Centre (JAMTTC) 
 Department of Agriculture & Sugarcane 
Development   
Govt. of Jharkhand, Ranchi

- - 3 10 70 46

10. Department of Agricultural Engineering  
Birsa Agricultural University  Ranchi-(Jharkhand)

They are not interested to start testing centre until 
additional funds provided for the manpower.

11. Department of Farm Machinery & Power  
College of Agricultural Engineering  
Rajendra Agricultural University Pusa, Samastipur

They have tested 620 machines with restricted validity of 
One year.

12. Department of Agriculture & Food Engineering,  
Indian Institute of Technology,  
Kharagpur

- - 6 15 6 7

13. College of Agricultural Engineering & Post-Harvest 
Technology Ranipool, Gangtok  (Sikkim)

Testing Activities yet to start.

14. College of Agricultural Engineering & Technology 
CCS Agricultural University, Hisar.

-- -- 119 103 87 54

15. College of Technology and Agricultural Engineering 
Maharana Pratap, University of Agriculture and 
Technology, Udaipur (Rajasthan).

- 17 42 57 70 *Fig yet to 
receive

16. Division of Agricultural Engineering, Indian 
Agriculture Research Institute, New Delhi.

Testing institutes is in the process of starting the testing 
activities

17. Sher-e-Kashmir University of Agricultural Science & 
Technology, Srinagar and Jammu

Testing institutes is in the process of starting the testing 
activities

18. College of Agricultural Engineering and Technology, 
Punjab Agricultural University, Ludhiana

- 16 21 31 30 32

19. Central Institute of Post- harvest Engineering and 
Technology (CIPHET),  Ludhiana

Testing institutes is in the process of starting the testing 
activities

20. College of Technology and Agricultural Engineering,  
Maharana Pratap, University of Agriculture and 
Technology, Udaipur

-- 17 42 57 70 *

21. Farm Implements and Machinery Testing & Training 
Centre, Swami Keshwanand Rajasthan Agricultural 
University, Bikaner

-- -- 73 85 56 Not 
received
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Sl. No. Name of testing center Year wise machines tested

2010-
11

2011-
12

2012-
13

2013-
14

2014-
15

2015-16 * 
till Jan,16

22. College of Technology, Gobind Ballabh Pant 
University of Agriculture and Technology, Pantnagar

16 14 16 11 NA NA

23. Acharya N.G. Ranga Agricultural University 
(ANGRAU), Rajendra Nagar, Hyderabad. (Telangana)

-- -- -- -- 21 56

24. University of Agricultural Sciences,  
Gandhi Krishi  Vignyan Kendra, Bangalore

- - - - 42 40

25. College of Agricultural Engineering, UAS, Raichur - - 3 23 4 6

26. Farm Machinery Testing Centre, Kerala Agricultural 
University Kelappaji College of Agricultural 
Engineering & Technology Tavanur, Malappuram 
(Dist), Kerala

- - - 9 9 7

27. College of Agricultural Engineering and Technology, 
Orissa University of Agriculture and Technology, 
Bhubaneswar (Orissa)

55 97 82 67 92 19

28. State Level Farm Machinery Training & Testing 
Centre, Agriculture Department, Government of 
Orissa, Bhubaneswar

- - - 03 13 19

29. Tamil Nadu Agricultural University, Coimbatore 11 11 07 27 40 23
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There is an intense pressure to produce more and 
more food grains from the same land without 
degrading the environment to feed ever increasing 
population. The pressure on land and water now 
is highest ever and would continue, may be at an 
increased pace. This calls for exploring all tools and 
techniques for efficient management of resources 
and planning. The remote sensing techniques 
aids in large area coverage, synoptic view and 
frequent observations. The space inputs are useful 
in monitoring & management of agricultural crops, 
analysis of cropping systems, crop intensification, 
diversification, land degradation mapping and 
reclamation, drought and flood management, soil 
mapping, command area management, agriculture 
infrastructure planning, crop suitability analysis, 
post-harvest management, early warning services 
etc. The focus of the current paper is on applications 
of remote sensing satellites of the current and 
planned missions.

The existing multi-tier suit of sensors on board 
Resourcesat satellites supports crop and soil 
mapping and monitoring at multiscales. The RISAT-1 
satellite is useful for rice and other kharif crops 
assessment. The INSAT and other Geostationary 
suite of satellites coupled with meteorological 

satellites provide important inputs for crop 
condition and yield models. The future sensors 
include Resourcesat 3S & 3SA, GISAT etc. The future 
sensors such as Resourcesat 3S & 3SA would help in 
providing data to the users for resource monitoring 
with wide swath stereo data&multi-spectral data 
on a single platform with improved resolution. It 
would enhance the remote sensing applications in 
the areas of land and water, large scale mapping, 
infrastructure planning, disaster management 
support and a host of DEM applications. The high 
resolution with frequent coverage would help 
inventory of more crops, crop insurance sector 
and orchard monitoring. GISAT data with near 
real time coverage would support in agricultural 
disaster management. Future EO satellite missions 
planned with improvements in accuracy, frequency 
& flexibility of observation, coupled with advanced 
communication and navigation satellites would 
give further impetus agricultural development. 
These space based inputs would get strengthen 
the development of enhanced techniques and 
models, enhanced assimilation of space based data 
for improving weather forecasting & early warning 
systems, enriching information systems with 
decision support tools for various developmental 
activities of the agricultural sector.

Satellite based Sensors for Agricultural Applications
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Agriculture is one of the major application areas of 
satellite based remote sensing data. The applications 
range from crop production forecasting, crop 
condition assessment, mapping and monitoring 
impact of disasters in agriculture, such as  drought, 
flood, hailstorm, heavy rainfall, pest/disease attack, 
etc. The remote sensing data along with other 
thematic information, such as soil, weather, land 
use etc. can be integrated using GIS (Geographical 
Information System) for generating agricultural 
developmental plans for many applications such as, 
precision farming, irrigation management, cropping 
system analysis, site suitability, infrastructure 

management, etc. . Many national level operational 
programmes are carried out in India which uses 
satellite based remote sensing data for agriculture. 
These include FASAL (Forecasting Agricultural 
output using Space Agro-meteorology & Land based 
observations), NADAMS (National Agricultural 
Drought Assessment & Monitoring System), 
CHAMAN (Coordinated Horticulture Assessment 
and MAnagement using geoiNformatics) and KISAN 
([C(K)rop Insurance using Space technology And 
geoiNformatics). This presentation will showcase 
these operational applications of satellite based 
remote sensing data in agriculture. 

Space Applications for Agriculture

Shibendu S Ray
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Unmanned Aerial Vehicles (UAV) are being used 
for various applications globally. The technology 
has matured to a level where amateurs and first 
time users can utilize its potential for varied usages 
like Survey, Mining and Exploration, Perimeter 
surveillance etc. The UAV-NETRA is a Vertical Take-
off and Landing aircraft which has versatile use for 
both military and civilian applications. The system 
requires no infrastructure for deployment and 
can fly for 45 mins scanning any area of interest 
autonomously with the user just clicking on a 
map. The on-board camera (day and night) provide 

real-time video on the console. Image processing 
techniques can be employed to provide information 
on various parameters from the live video. This 
system developed by DRDO and M/s Ideaforge 
Technology P Ltd. is in production and currently in 
use by various Security forces and Police. This UAV 
can be used for agriculture for Crop Monitoring, 
Irrigation Planning, Weed and Pest identification 
and Precision Agriculture. The system can be used 
as a cost effective solution providing the farmers 
with invaluable information on the health of their 
assets.

Unmanned Aerial Vehicles for Agriculture

Alok Mukherjee, R&DE (Engrs),
DRDO, Pune
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Unmanned Aerial Vehicles (UAVs) have shown 
promising abilityfor agricultural remote sensing 
in recent years. Aerial sensing from UAV bridges 
the gap between ground-based observations 
and remotely sensed imagery from conventional 
aircraft and satellite platforms. Satellite remote 
sensing systems have several critical drawbacks 
for agricultural applications such as low spatial 
and temporal resolution, availability limited by 
weather conditions and high cost. UAVs have 
several advantages such as (i) low cost, (ii) quick and 
repeatable, (iii) flexible in terms of flying height and 
timing of missions as per user’s need, (iv)high spatial 
resolution imagery, (v) safety and (vi) available of 
near real time information. Keeping in view all the 
above facts, UAVs have been identified as a viable 
substitute and/or compliment to remote sensing 
platforms for agricultural applications. This paper 
deliberates on our initial experience on drone based 
remote sensing of crops for precision agriculture and 
field phenomics of wheat and rice crops. The drone 
based sensing technology would enable rapid, 
non-invasive, reliable appraisal of soil health and 
crop conditions (nutrient, water, pest and disease 
stresses) at field scale and would help subsequent 
issuance of advisories for counter impending 
environmental and economic consequences 
of indiscriminate use of fertilizers and other 
ecologically unfriendly agronomic interventions. 
Recently, Government of India lunched soil health 

card programme during February, 2015 to generate 
soil health cards for 140 million land holdings 
through testing of 25.3 million soil samples at every 
three years interval. The UAV based hyperspectral 
sensing technology would complement getting 
soil test results and generating soil health card 
in desired pace. PradhanMantriFasalBimaYojana 
lunched during January, 2016 encourages farmers 
to adopt innovative and modern agricultural 
practices and  aims to provide insurance coverage 
and financial support to the farmers in the event 
of failure of any of the notified crop as a result of 
natural calamities, pests & diseases. The proposed 
technology would not only help in geo-referencing/ 
geomapping unit of insurance having homogenous 
risk profile for the notified crop, but also assess yield 
loss and type of localized risks causing yield loss. 
Technological developments in the field of Remote 
Sensing  and geospatial sciences and ICTs in India 
have special advantage in terms of generating state-
of-the art informatics - capturing the variability, 
vulnerability and dynamism of agricultural system 
for spatio-temporal monitoring crop and soil health. 
Drone based remote sensing would enable us to 
provide valuable scientific insights into the factors 
contributing to the low productivity which in turn 
would form the essential ingredients to evolve 
the effective strategies for precision agriculture to 
enhance it.

UAV based Remote Sensing for Agricultural Applications
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This presentation overviews the potential of UAV 
imagery to enable farmers to better manage 
resources and increase crop yield. We introduce 
real world examples of how UAV’s are pushing 
the boundaries of agriculture. We follow this with 
an overview of our workflow, explaining how our 
UAV’s work with sensors and computer software 
to produce intelligent deliverables. We describe 
how our system’s enable the production of high 

resolution imagery for not only visual inspection, 
but also the production of vegetation index 
maps, Digital Elevation Models (DEM) and other 
topographical data layers, all aiding towards 
solving the crop insurance crisis in the country. 
We conclude with logistical information regarding 
our services, and the challenges that UAV’s face in 
the agriculture sector.

Drone based Imageryfor Managing  
Agricultural Resources

Gaurav Mehta
Quidich Innovation Labs



74

PrecisionHawk (Represented in India by its sister 
concern - Webonise Lab Pvt. Ltd.), is a leading Aerial 
Information company based on Unmanned Aerial 
Systems (UAS). It provides an end-to end data 
solution through a cloud-based software to collect, 
process and analyze aerial data, thereby appearing 
as a Market Leader in the Unmanned Aerial Platform 
based Survey Solutions Industry. PrecisionHawk is a 
global leader in delivering actionable insights from 
Unmanned Aerial Vehicles by combining advanced 
remote sensing and sophisticated analysis to help 

businesses improve their economic performance. 
PrecisionHawk’s end-to-end system closes the gap 
between aerial collection and detailed analysis to 
control costs and confusion while helping manage 
assets effectively. Having a strong collaboration 
with FAA, NASA and Top Universities of the world 
for joint Research and Development, PrecisionHawk 
believes in ever evolving process of improving 
their hardware and software based on the industry 
requirement.

UAV based Solutions for Precision  
Agriculture – Precision Hawk

Prateek Srivastava
Webonise Lab / Precision Hawk
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Introduction
The small and marginal farm holdings (below 2ha) 
put together constituted 80% of the country’s 
farmers and cultivates about 45% of total cultivable 
area. When compared with large farmers, small 
farm holdings are much diversified in nature as well 
as also more efficient. However, they are the ones 
which use higher family labour and other family 
owned inputs, but have less capital resource. Ageing 
of family population is another challenge in Indian 
agriculture; youth need to be attracted towards 
farming with more efficient farming technological 
options and mechanization interventions.

Majority of these small holders fall under rainfed 
ecosystem, who have poor access to advanced 
technologies and a policy support facilitating 
to access natural resources. Appropriate farm 
mechanization technologies and implementation 
of specific public policies are key components 
for increasing agricultural productivity at small 
holder’s level in general and dryland agriculture 
in particular. With the right technological options, 
economic and social conditions, small holders can 
be at the fore front of sustainable transformation in 
the Indian agriculture. Linking small farm holders by 
strengthening existing SHGs and farmer associations 
are need of the hour. At small farm holding level, 
sharing of input energy cost (power sources), 
mechanization technologies and machinery rental 
rates at affordable cost will make agriculture more 
viable and sustainable. However, an appropriate 
policy support is essential to make all these factors 
to be bound with the right type of technologies as 
the core issue at small landholder level.

Effective utilization of available farm power to 

enhance farm mechanization activities in a country 
requires ‘minimum scale or size of farms. At present 
in India, small and marginal farmers excluded 
from the fold of farm Mechanization due to their 
inadequate financial strength. As a consequence, in 
the last decade (2001 – 2010) farm power growth 
rate recorded 2.0% of CAGR, which is less than half of 
the long term mean growth rate. To deal with a huge 
chunk of such a small land holders and to increase 
farm mechanization in the country, a cautious 
approach is essential in selection of appropriate 
power source, matching implements and machinery 
technologies needed for transfer of technologies at 
low cost. Present sales trends of Power Tillers and 
Mini Tractors @ 70,000 per annum and an additional 
70,000 small self-propelled machines point out 
small holders urge for mechanization. However, 
availability of well designed matching equipment 
to mini tractors is questionable. Considering all 
above constrains and possible opportunities, 
few implements and machines matching to mini 
tractors were developed  in farmers participatory 
mode at ICAR- Central Research Institute for 
Dryland Agriculture, Hyderabad which fit to small 
holder budget. This equipment besides meeting 
various requirements of farming community and 
also facilitates to increase tractor utility to fullest 
level. In this paper some of such technologies useful 
to small farms, new innovations requirements and 
its transfer issues are briefly described.

Matching Implements for mini tractor and 
other power sources
Seed planters : These are automatic seed and 
fertilizer placing implements suitable to various 

Small Farm Mechanization of Dryland Agriculture: 
Appropriate Technologies and New Innovations

B.Sanjeeva Reddy, Principal Scientist ( Farm Machinery and Power )
ICAR - Central Research Institute for Dryland Agriculture, Hyderabad - 500 059 
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dryland crops at defined row spacing’s. These 
basically consisted of a standard rectangular frame 
with support wheels for easy transport, turning 
and depth adjustment while in operation in small 
pieces of lands. A combined box with separate 
compartments for seed and fertilizer is mounted on 
the frame and a floating wheel is attached to provide 
drive for seed and fertilizer metering mechanisms. 
In majority of dryland zones implements fitted 
with replaceable inclined plate rotor and rubber 
agitator or plastic roller cell feed mechanism to drop 
seed and fertilizer respectively are highly suitable. 
However, models fitted with cup feed, roller cell feed 
mechanisms for seed metering and fluted roller for 
fertilizer mechanism are also available to suite to 
crop specific recommendations. In these models, 
three row and four row configurations matches 
to mini tractors and as well as caters the needs of 
small to medium farmers. The field capacity of these 
implements ranges from 1.5 to 3.5 ha/ day and cost 
of operation Rs.1500 to 700/ha depending on crop 
row spacing. 

In addition to ICAR-CRIDA conventional inclined 
plate type metering planter, a three row horizontal 
rotor plate double disc furrow opener planter was 
also adopted. This planter is able to place seeds 
more accurately at uniform depth in undulated 
rainfed farms due to its design configuration.

Slashing machine : A slasher is useful for cutting 
of unwanted grass, small bushes which are present 
on the main fields as well as on the field bunds. 
This is very useful machine to manage weeds 
and a fit attachment to a mini tractor. The slasher 
consists of three main parts (i) rectangular frame 
of 850x740mm in size made of 90x12mm flat over 
which 5mm thick mild steel metal sheet was welded 
throughout the frame. (ii) a right angle drive speed 
reduction gearbox with slashing blades fitted at 
the middle of the rectangular frame. The horizontal 
shaft leading into the gearbox can be attached to 
the tractor PTO. The vertical shaft from the gearbox 
will drive the slashing blades (2 no , 240x10mm size) 
sharpened on the edges. (iii) a three-point hitch 
system is provided to the slasher frame by welding 
two straight flats at a height of 250mm from bottom 
and two round bars (Φ20mm) provided at a height 
of 180mm in hitch system to connect lower links.

Water pumping system to reuse harvested water : 
Possessing an independent power source for each 
and every piece of farm equipment will increases 

initial investment of farmers. A diesel engine water 
pumping system of 7.5hp costs approx. Rs.39,000/-
, a dead investment in rainfed conditions, where 
harvested water is available for a limited period. 
Using this tractor attachable pumping system, the 
available water could be utilized very efficiently by 
adopting conditions sprinkler system. The approx. 
cost of this pumping system is Rs.12,000/-.

Rotary weeder : Intercultural and weeding is one 
operation where lot of hand labour is required 
to keep crop fields weed free. A combination of 
methods like herbicides, animal drawn equipment 
to uproot weeds in between rows and hand 
weeding are employed in different proportions 
depending on crop types and availability of various 
power sources. Among these, use of bullock drawn 
implements is most popular one till today and 
become very costly due to dwindling animal power 
source.The self propelled weeding implements 
either imported or indigenously developed not 
made any impact due to frequent stalling of engines 
in field conditions, lack of suitable weed uprooting 
blade configurations, fitment problems in between 
crop rows, repair and maintenance problems etc,. 
So, a rotary weeder matching to mini tractor was 
developed and its performance evaluation in 
progress.

Winnower fan for grain cleaning: Though different 
types of well designed threshing equipment are 
developed for variety of crops, the small farm 
holders are not able to take advantages from 
these technologies due to scattered land holdings 
and low paying capacity. At least to reduce a part 
of drudgery in threshing operation, a winnower 
fan was developed. This machine consists of a 
rectangular frame with short pole shaft and two 
pneumatic wheels. On this structure a 3 blades fan 
is arranged in synchronization with a fly wheel. This 
machine is easily transportable using mini tractor 
and can be run through PT power.  

Improvements and New Innovations  
To enhance the utility and wider adoptability of 
mini tractors and other machines for various crop 
production operations to enhance small farm 
mechanization, the following new innovations to 
be taken up on priority basis.

Development of wheel base adjustment and high 
ground clearance attachments for weeding and 
spraying operations in various dryland crops. 
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Though few manufacturers come-up with such 
attachments, not found popular with farming 
community due to field oriented problems.

Modifications in Reaper – binder machine, which 
presently suitable for wheat and paddy only;  to 
facilitate harvesting of maize, sorghum, bajra etc 
cereal crop stalks to augment fodder scarcity in 
rainfed agriculture.

Appropriate modifications in medium capacity 
machines like groundnut stripper, maize sheller, 
castor sheller to match with mini tractor power 
capacity.

A multi-crop grain cleaner cum grader development 
to match with mini tractor.

Conclusions
In the present day subsidy oriented farm 
mechanization promotional activities, large farmers 

benefitted to a larger extent. However, there exists 
plenty of scope for small farm mechanization 
in Indian agriculture, if appropriate need based 
medium capacity technologies matching to mini 
tractor are developed and promoted. To work in this 
direction, R&D institutions need farm machinery 
manufacturing industries support and line 
departments should rope in R&D institutions and 
NGO’s for training and technologies demonstration 
activities. The submission on farm mechanization 
guidelines emphasizes inter-institutional 
collaboration for faster agricultural

mechanization. But, due to poor delivery 
mechanism, the small farmers are denied their share 
of benefit. So, the implementing agencies should 
relook into designed programmes and schemes 
within the policy frame work and accelerate with 
midcourse corrections.

Fig. Appropriate technologies for small farm mechanization and matching to mini tractor 
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Abstract
 The large quantities of crop residues are burnt in 
the field after harvesting of crops and creating 
environmental problems and loss of soil organic 
matter. At the other end, rural sector is facing 
problem of deficit and erratic power supply and 
affecting the crop production.  The Central Institute 
of Agricultural Engineering (CIAE) has developed, 
refined and demonstrated the technology for 
value addition of crop residues and generation of 
electricity from it. The system were installed in two 
villages to energize the water pumps and Dal mill. 
The developed system would reduce field burning 
of crop residues in catchment area due to economic 
gain due to sale of crop residues for power 
generation which compensate the cost involved in 
collection and transportation. The assured power 
availability in rural sector would increase farm 
income and employment opportunity. 

They availability of crop residues in India is 523 
Million tonnes per year and surplus as 127 Millon 
tonnes per year. The study conducted in soybean 
grown area showed that 2.8 km radius of crop 
production catchment is sufficient to run 100 kW 
capacity power plant for 300 days in a year and 16 
h in a day with 30 % biomass recovery from field. 
This paper aims to discuss the electricity generation 
from crop residues.

Introduction 
Energy is a key input for economic development and 
for providing better quality life in any country. India 
had installed capacity of 303 GW up to May 2016 

in the centralized power generation. The focus of 
power planning has been to extend the centralized 
grid throughout the country. However, the capacity 
addition has not been able to keep pace with the 
increasing demand for electricity.  This is reflected 
by the persistent energy and peak shortages in the 
country. Besides, the transmission and distribution 
losses of grid power are considerably high 
(estimated to be more than 30% ). Inadequate, poor 
quality and erratic power supply in rural sector are 
the main problems being faced. 

Biomass can play a major role in reducing the 
reliance on fossil fuels (coal and furnace oil etc) 
and generating electricity. Increased utilization 
of biomass-based fuels will be instrumental in 
safeguarding the environment, creating new job 
opportunities and sustainable development in 
rural areas. Agricultural residues are available in 
plenty in the rural catchments areas. The options 
for conversion of biomass into electricity are 
combustion and gasification. The combustion route 
of power generation is mainly adopted for large scale 
power plant above 1 MW capacities connected with 
grid using small steam turbines. The gasification 
technology is most suited for decentralized power 
generation up to one MW power plant.  A major 
disadvantage of agricultural residues as a fuel is their 
low bulk density, which makes handling difficult, 
transport and storage expensive. Biomass energy 
could also aid in modernizing the agricultural 
economy. The ideal answer in this situation is to 
convert these residues into high density and high-
value solid fuel (3500 to 4000 kcal/kg), i.e. briquettes 
for generation of gaseous fuel and then electricity. 

Decentralized Power Generation System from  
Crop Residue

Anil Kumar Dubey
Principal Scientist and LCPC, CRP on EA
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Availability of Crop Residue
There is large variability in crop residues generation 
and their uses in different regions of country 
depending on the cropping intensity, productivity 
and crops grown. Pathak PS et al. (2004) attempted 
to assess the quantity of recoverable biomass from 
cropland, grassland, forest, roadsides, and agro-
forestry. The total biomass availability per annum 
in 2001 was 1000 Mt and surplus was 249.9 Mt. 
They estimated total available crop residues in 
India as 523.4 Mt/year and surplus as 127.3 Mt/
year. The available and surplus soybean stalks were 
estimated as 5.9 and 2.0 Mt/year, respectively. The 
annual surplus crop residues of cotton stalk, pigeon 
pea stalk, jute & mesta, groundnut shell, rapeseed 
& mustard, sunflower are 11.8, 9.0, 1.5, 5.0, 4.5, and 
1.0 Mt/year, respectively. The residues of other 
crops like pigeon pea, oilseeds, cotton, plantation 
crops, sugarcane etc., which are not used, as cattle 
feed are available for different purposes including 
energy generation. Most of the cereal crops and 
50% of pulses are used for fodder. Coconut shell, 
stalks of rapeseed and mustard, pigeon pea and jute 
& mesta, and sun flower are used as domestic fuel. 
The introduction of combine harvesting and low 
demand of straw for feed and fodder farmers are 
practicing burning of straw in field itself.

SPRERI (2004) made an estimate of crop residues 
burnt of 69.9 Mt in selected states of country in 2001 
(Table 1). The 40% and 50% of cotton and mustard 
stalks are available as surplus out of their total stalk 
generation of 29.4 and 9.4 Mt, respectively.

Table 1: Crop residues burnt in India 

Crop Major producer 
states having surplus 
crop residues

Availability
of crop 
residues (Mt)

Burning of  
crop residues 
(Mt)

Rice Punjab & Haryana 16.3 13.1
Wheat Punjab,Haryana , U.P., 

Rajasthan and M.P. 67.6 15.4
Sugarcane U.P., Maharashtra, 

Karnataka, Tamil 
Nadu, Andhra 
Pradesh and Gujarat

26.9 21.6

Groundnut Gujarat, Tamil Nadu, 
Andhra Pradesh and 
Karnataka

15.4 3.3

Mustard Rajasthan, U.P., M.P., 
Haryana and Gujarat

9.4 4.5

Cotton Gujarat, Maharashtra, 
Haryana, Punjab, 
Rajasthan
Karnataka

29.4 11.8

Total 
surplus

69.9 Mt

The CIAE conducted study in selected districts 
of Madhya Pradesh to assess the burning of crop 
residues in the fields where mechanized combine 
harvesting is being practiced. Figures 1-2 show the 
scenario of combine harvested crop residue being 
burnt in selected districts of MP. The burnt material 
in the field is a direct surplus for power generation. 
Though the quantity of burnt residues is sufficient 
for power generation, the additional quantity can 
be obtained by reducing the consumption of crop 
residues by introducing energy efficient gadgets in 
rural domestic sector for cooking activity. 

Fig.1: Burning of combine harvested soybean stalk in selected 
districts of MP (Source: CIAE’s study 2006-07)

Fig.2: Burning of combine harvested wheat stalk in selected 
districts of MP (Source: CIAE’s study 2006-07)

Biomass Requirement for Power Plant:
The biomass required to operate one unit of 100 
kW capacity power plant would require 600 tonnes 
of crop residue to run the unit  300 days in a year 
and 16 hours in a day.  These plants would produce 
electricity at the rate of 1.2 to 1.3 kg per kilo watt 
hour. A case study has been conducted at the 
Institute in soybean grown area of Nasrullaganj , 
Distt. Sehore of MP to assess the potential of power 
plant based on surplus biomass available in that 
area. The soybean stalk generated and burnt in the 
field are shown in Fig. 3. The total availability of 
soybean stalk in  Nasrullaganj Taluka considering 
direct and indirect savings, accounts for 24.0 kilo 
tonne. The potential to establishment 100 kW 
capacity power plants in Nasrullaganj taluka are 
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16 numbers, considering biomass recovery of 30% 
from the field. , The catchment radius 0f 2.8 km is 
sufficient for soybean crop for residue collection 
with 30% recovery from field (Fig. 4).  

Biomass Collection
Crop residues are collected from field manually and 
transported to farm yard or burnt in the field itself 
to clear the field prior to preparation of land for 
next crop. The figure 6 shows the baler and baled 
biomass. The tractor operated balers are practiced 
rarely for mechanized collections. The crop residues 
collected from field have no economic use in rural 
sector at present. Since it involves cost, therefore, 
the farmers prefer to burn it in field itself. The balers 
can collect 800 to 900 kg of crop residue in one hour. 
The cost of biomass collection is about Rs 400 -500 
per tonne and transportation cost is also Rs 500-600 
per tonne for lead distance upto10 km. 

Fig. 3: Surplus availability of soybean stalk in combine harvested 
area in Nasrullaganj Taluka of MP. (Source: CIAE’s study 2006-07).

Fig.4: Effect of percentage surplus crop residue utilization on 
catchment radius for establishment of 100 kW power plant. 

Fig.4: Effect of percentage surplus crop residue utilization on 
catchment radius for establishment of 100 kW power plant. 

Concept of Decentralized Power Generation; 
A concept was developed to manage the crop 
residues through value addition and power 
generation. The crop residues were collected and 
transported to briquetting plant. The briquetting 
technology was refined and adopted for value 
addition of crop residues and the briquetted fuel 
was used for gasification and electricity generation. 
The concept is shown in figure 5. The developed 
technology has been demonstrated in a village 
Mana Distt Raisen to energize the five numbers of 
water pumps (totaling 80 hp) through two units 

of 50 kW capacity power plants. Similarly, one 
unit of 100kW power plant has been integrated 
with dall mill at Taluka Udaipura to energize the 
electrical motors coupled with various systems. 
The technology developed consumes 1.2-1.3 kg 
briquettes to produce one unit of electricity

Figure 6: Mechanized biomass collection

Preparation of Biomass for Gasification:
The crop residue was converted to briquettes of 60 
mm diameter with true density of 1100-1200kg/
m3 before its gasification. The crop residues were 
grinded and then pressured in piston and ram type 
briquetting machine to produce different diameter 
of briquettes i.e 30 mm and 60 mm diameter. 
Figure 7 shows the briquetting plant and briquettes 
produced at village Mana. These briquettes are used 
as substitute of wood chips in commercial gasifier 
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with refinement. The commercial unit of briquetting 
plant was modified and adopted for production of 
briquettes from crop residues. The briquetting plant 
cost about 14-16 lakhs with production capacity 
of one tonne per hour. The processing cost of 
briquettes was Rs 600 to 750 per tonne excluding 
the biomass cost. The profitability in production of 
briquettes from crop residues was Rs 900-1000 per 
tonne. 

gas are stalks of soybean, pigeon pea, cotton, 
mustard, and sunflower, groundnut shell etc.

Figure 7: Production of briquettes from crop residues

Figure 8: Installations of Power plant at Village Mana

Technology for Power Generation
The existing commercial gasifiers are wood based 
and requires wood chip as fuel of 30-50 mm 
diameter and length to generate producer gas as 
fuel for power generation. The technology has been 
developed to generate engine quality producer gas 
from briquettes of crop residue. Figure 8 shows the 
gasifier plant installed in village Mana for conversion 
of crop residues in to gaseous fuel. The CNG engine 
coupled with electric generator has been adopted 
to run the system with low calorie producer gas 
(1000-1200 kcal/m3). The raw materials used for 
production of briquettes for generation of producer 

Economics and Employment Opportunity
 The economic feasibility of power generation 
from briquettes of crop residues indicates that the 
cost of electricity production is at par with cost of 
electricity from grid. The fuel cost for production 
of one unit of electricity is Rs 3.0 to 3.25 where as 
the fuel cost for diesel electric generating set is Rs 
15.0. The cost of electricity generation from gasifier 
based power plant varied with size of plant. The 
electricity generation cost with 100kW capacity 
power plant is about Rs  6.50-6.75/kWh.The one 
tonne of crop residue would generate revenue of 
Rs 2000 at briquetting plant. The farmer have to 
spent Rs 400-500 for collection and Rs 500-600 for 
transportation depending up on lead distance. The 
farmer would get profit of around Rs 500-700 per 
tonne from recovered residues and Rs 850 to 1000 
per tonne due to sale of briquettes of crop residues. 

The major benefits from technology are assured 
availability of electricity from their own local 
resources which were considered as waste and 
creating environment pollution. The demonstrations 
of technology have shown major impact on 
reduction of field burning and availability of solid 
fuel for power generation and thermal application. 
The technology also generates employment 
opportunity during biomass collection, handling, 
briquetting and power generation. The one unit of 
100 kW capacity power plant would generate about 
3000 man days per annum. The power plant of 
100kW with briquetting plant of one tone per hour 
capacity would reduce the field burning of 3000-
4000 hectare field of soybean crop. 

Conclusions
The technology developed could be used for 
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generation of electricity and solid fuel from 
crop residues. The successful demonstration of 
technology at two locations had shown increase in 
farm income, increased employment opportunity 
and reduction in field burning of crop residues. 

References
Gadge SR, Lambe and Pimple, Densification characteristics 

of Jowar stem stubbles residue under different binder 
proportion, Journal of Bio Energy, Vol. 1, No. 2, April 
2000, PP 101-104.

Singh RN, Patel SR. Potential feed stocks for gasifier—
biomass briquettes. Proceedings of two days 
national workshop on role of renewable energy in 
21st centaury held at BN College of Engineering, 
Pusad (MS) 2001. p. 1–11.

Sridhar H V, G Sridhar, S Dasappa, N K S Rajan and P J 
Paul, Experience of using various biomass briquettes 
in IBG (IISC bioresidue gasifier), 2005 Source: http://
cgpl.iisc.ernet.in/site/Portals/0/Publications/
InternationalConf/Experience/Biomass.pdf 

Sridhar G, Sridhar H. V., Dasappa S, Paul P.J., Subbukrishna 
D. N. and Rajan N K S., “Biomass gasification 
technology- a route to meet energy needs”, Current 
Science, Vol. 87, no. 7, pp. 908-916, 2004. 

Sridhar G, Paul P. J., Mukunda H.S., “Biomass Derived 
Producer Gas as a reciprocating Engine fuel – An 
Experimental Analysis”, Biomass and Bioenergy, vol. 
21, no. 1, pp. 61-72, July 2001



84

Preface
The purpose of this Brief is to become a part of 
Government’s promise and program of providing 
24x7 safe drinking water to its citizens.

With our innovative, customized, portable, flexible 
and cost effective solution of providing 24x7 safe 
drinking water, as per WHO norms, for villages, small 
towns and remote population, we are confident of 
achieving such holistic program of the Government.

Our System not only treats normal raw & waste 
water but will also effectively treat raw water with 
high concentration of Fluoride and Arsenic together 
with safe disposal of contaminants after treatment. 
Our proposed system can easily be installed in less 
than 4 months.

Introduction
The world population is growing and is estimated 
at more than seven billion people. The global 
middle class will soon surpass four billion people. 
This constant growth puts serious pressures on our 

global water, food and energy supplies. Analysts 
have claimed that the world would require 50% 
more water by 2030.

This pressure on our water supply is shown in the 
costs of tap water, which is becoming more and 
more expensive worldwide. With our drinking water 
solution you can be self-sufficient in your water 
supply in an environmentally friendly and cost-
effective way.

Clean, safe and pure water is of life importanceOur 
mission to deliver safe, healthy and pure water to 
the world

Water Supply Situation – The Indian Context
As of 2010, only two cities in India gets continuous 
water supply. In 2005, none of the 35 Indian 
cities with a population of more than one million 
distributed water for more than a few hours per 
day—leading to storage of water. In slums & remote 
areas, the population has to depend on the ground 
water. With no treatment of sewerage, most of this is 
contaminated water & at high costs. Mostly it is the 
poor who suffers.

The lack of adequate safe water has significant 
negative health impacts including diarrhea, referred 
to as the “Delhi Belly” and affects more than 10 
million people annually.

In rural areas, the situation is much worse. The 
distribution system does not exist or islimited to 
a central area. Both surface and ground water is 
contaminated with biological,toxic, organic and 
inorganic pollutants. Huge extraction of water for 
irrigation and industrial use has brought the water 
table to inaccessible levels. Additionally, the absence 

Supply of Treated Drinking Water (including Arsenic & 
Fluoride Removal)

Mr. J.K.Gupta, Excellence Engineering Pvt.Ltd.
317, Krishna Apra Plaza, Plot P-3, Sector-18, Noida - 201301 (Delhi  

NCR)Port-FlexTM  Water Solutions
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of grid power adds to the difficulties in supplying 
safe drinking or potable water in mountainous 
regions, remote villages. The poor have to depend 
of hand-pumps or fetch water from longdistances.

Then there are disaster situations like Earthquake, 
Flood, Refugee influx etc.

Port-FlexTM Water Solutions
We provide customized and safe Water Supply 
Solution consisting of Water Intake System, 
Treatment System, and Water Storage System for all 
types of applications—from domestic to industrial 
plants, international missions & events. We offer 
permanent, temporary or portable solutions of the 
highest quality with low maintenance costs.

The systems can be installed in a very short period 
and can be re-located as well. This kind of flexibility 
offers unique opportunity for State Authorities to 
tackle disaster situations like Earthquake, Flood, 
Refugee influx etc. on an emergency basis.

Our system also provides Pure and safe Drinking 
water to scattered &naccessible human settlements 
without access to grid based power—mountainous 
regions, remote villages. The solution addresses 
ground/ surface water contaminated with arsenic, 
fluoride etc.

Our product range includes potable water systems 
for humans, drinking water systems for livestock, 
industry and process water, with real-time quality 
monitoring systems and wastewater treatment 
systems.

Report by Hindustan Times 26th Nov.2015, 
New Delhi Edition

Technical Brief for Supply of Treated Drinking 
Water on 24x7 basis

C.1Concept
Port-Flex Water Solutions, a business vertical of 
Excellence Engineering Pvt. Ltd., is aTurnkey Supplier 
of innovative and flexible Water Supply systems 
which can be extensively used for providing Potable 
& Drinking Water to inaccessible & accessible small 
communities/ settlements, Villages, Mountain areas, 
Blocks, Panchayats, Small towns, Less privileged 
human settlements etc. as well as for natural 
calamities like Earthquake, Flood, Sudden refugee 
influx etc. Armed Forces and moving population 
can use our Portable systems specially designed for 
them.

The system proposed uses main parts & components 
from European countries, mainly from The 
Netherlands who are pioneers for their innovative 
water solutions across globe. Yet the price of 
produced water is less than 9 paise per liter over life 
cycle of 20 years.

We offer customized solutions and standard 
packages, which includes Design, Supply, Installation 
Supervision and Operational Training. We help 
Governments, Owners, Village & Communities etc. 
derive maximum value out of their investment in 
providing potable & drinking water having highest 
quality benchmarks and using best industry 
standards. We also undertake Annual Maintenance 
Contract for the systems.
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Introduction
Horticultural crops are grown in total area of 234 
lakh hectares, among that fruits , vegetables, spices, 
plantation, flowers and others constitute 14%, 41%, 
26%, 15%, 1% and 3% respectively (NHB, 2016). 
There are machinery developed by ICAR institutes 
and SAUs in our country besides the private 
industry. There are suitable horticultural machinery 
for Indian conditions available for adoption 
form foreign countries. The adoption of these 
machinery by the farmers in larger extent is still to 
be achieved. There are gaps some of the operations 
in major horticultural crops to be addressed. The 
availability of innovative horticultural machinery, 
gaps in horticultural operations for mechanization 
and interventions required to achieve a major 
horticultural mechanization in our country is 
discussed below.

Power / Energy Source
Most of the operations are done manually in India. 
As the draft animal population is becoming less in 
rural area, the animal power for machinery operation 
is not available. However, the animal power is 
preferred wherever draft animals are available. 
Powertiller and tractor operated machinery are 
becoming more popular because of its versatility 
and availability. Utilization of alternative energy 
like biodiesel and solar power may be increased by 
developing suitable tools and machinery which are 
operated by these energy.

Drones are used extensively in developed countries 
for land mapping, disease surveillance, spraying 
and some times bird scaring in horticulture fields. 
Similarly, use of robotic machinery for selective 
harvesting, grading is another emerging field in 
horticultural mechanization. These two emerging 

Innovations and Interventions in Horticultural 
Mechanization

G. Senthil Kumaran1 and A.Carolin Rathinakumari2

1Principal Scientist, 2Senior Scientist, Section of Agricultural Engineering 
Indian Institute of Horticultural Research Hessaraghatta Lake  

P.O., Bangalore – 560 089 senthil@iihr.res.in

Articulated tractor Drones

Solar power generation and utilization

Robots
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Oscillating type growing media siever

Growing Media Mixer

Motorised growing media siever

Media siever, mixer & bag filler

Growing media siever cum bag filler

Protary dibbler cum seeder

fields may be introduced suitably in the Indian 
horticulture in future.

India is the largest producers of tractor and there 
is a tractor a every required horse power. There 
need to adopt the latest articulated tractor in our 
country. The articulated tractors are having hinged 
engine portion of the tractor. It makes the tractor to 
have very short turning radius thereby makes the 
maneuverability of the tractor in closed spacing in 
horticultural fields.

Land Development
Most of the land development operations are 
mechanized as those operations are heavy. Laser 
leveling of land is a recent resource-conservation 
technology. It has the potential in many folds 
to increase production by enhancing resource-
use efficiency of critical inputs. This equipment 
has several direct and indirect benefits but yet to 
become a popular farming practice among our 
farmers. Multiterrain and multi utility tract vehicle 

may be another choice for adoption among the 
farmers in hilly areas where power tiller and tractor 
can’t reach in their sloppy fields.

Planting Material Production
The quality seedlings production makes the 
availability of seedlings at right time to the 
horticulture growers. The quality seed extraction 
process will also ensure the seed availability to the 
farmers. The following are the machinery available 
for horticultural planting material production.

Growing Media Siever
Manually or motorized rotary screen type media 
siever is useful to sieve Farm Yard Manure, 
Vermicompost, Cocopeat, Sand and Soil and remove 
all the particles larger than 1.5mm in the form of 
stones, clods, straw etc. The capacity of the machine 
is 1 tonne/ha and motorized one is operated by 
0.5 HP motor. One person is required to feed the 
unsieved media and one person is required to 
collect the sieved material. It can also be operated 
manually by one labour. It can be used for filling 
nursery bags as shown in the figures.

There is all in one machine which cleans, mixes and 
fills the growing media in the bags. It has a capacity 
of 500 bags per hour.

Rotary dibbler cum seeder for protrays
The rotary type dibbler is most useful to the medium 
scale nursery growers. The rotary dibbler makes 10 
mm deep depressions for seed sowing in all the 98 
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cavities in protrays. The vacuum seeder picks single 
seed by each nozzle and releases to the protray 
cavities. For manual filling and sowing 3 – 4 labours 
are required for 300 - 400 protrays in a day. By use 
of rotary dibbler cum vacuum seeder upto 1200 
protrays can be dibbled and sown in a day by two 
labours. About 75% cost is saved by this machine 
over manual sowing per protray.

Seed Production
Seed is the basic and crucial input in agricultural 
production. But the quality plays an important role, 
as the crop yield is directly dependent on seedling 
emergence and establishment. Through improved 
seed production, both yield and quality can be 
improved, to fetch higher prices in the market. The 

Tomato seed extractor

Motorised garlic bulb breaker

Brinjal seed extractor

Onion seed extractor

Bottle gourd seed extractor

Watermelon seed extractor

following are some of the machinery available for 
seed extraction/planting production in India.

Mushroom spawn (seed) production machinery
A set of mushroom spawn production machinery 
namely grain cleaner, grain boiler, boiled grain and 
chalk powder mixer, bag filler and spawn inoculator 
was developed to reduce labour requirement and 

reduce drudgery. These machinery are useful to 
reduce the electrical power consumption up to 
60% and labour requirement about 50% besides 
increasing the labour efficiency and production 
capacity in comparison to the conventional method. 
It takes care of 100-125 kg spawn production per 
day.
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Sapling Planting in fruit crops
One of the tedious jobs is making pits for sapling 
planting. The post hole diggers, tractor operated 
soil excavators are useful for this operation. It saves 
time and labour.

Raised bed cultivation of vegetables
Cultivating vegetable crops on raised bed has 
more scope for the mechanizing the cultivation 
operations. It also suits for irrigated, rain fed and 
dryland farming owing the advantages as adopting 
drip irrigation and mulch laying techniques, 

Trenching
Raised bed formers

Pit hole making
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draining of excess water during high rainfall period 
and conserving water during monsoon respectively. 
Considerable number of bed formers are available 
commercially for this agronomical practice.

Mulch laying
Moisture retaining and weeds growth are the 
major problems in vegetable growing. This can be 
overcome by plastic mulch laying. Plastic films are laid 
before crop planting or transplanting. This includes 

Mulch laying machine Tunnel layer Mulch removing machine

preparation of seedbed, spread of mulch film and 
anchoring of edges of the film. These operations, if 
done manually become very time consuming, costly 
and tedious. Therefore, tractor mounted mulch 
laying machines have been developed and are in 

Manual drawn onion seeder Animal drawn onion seeder

Tractor drawn onion seeder Tractor operated air seeder for 
small Seeds

selected by the farmer/user as per their requirement. 
The following are the types of seeders available for 
vegetable seed sowing.

Planters for different vegetable crops
Vegetable crops are very sensitive to weed 
competition. The field should be kept free from 
weeds, in order to do this the vegetables are 
grown at equal distance in rows at specified rates 
and cover them with soil. Row planting facilitates 
inter row cultivation. Some times fertilizer placing 
mechanism is attached with planter mainly to 
reduce the number of operation, energy saving 
and finally to reduce the cost of cultivation. The 
inclined plate, vacuum planters and multi crop seed 
dril cum planter have been successfully used for 
direct sowing of small vegetable seeds. There are 
various types of planters for vegetable crops are 
commercially available.

use. The machine will help farmers to save time and 
labour cost and laying high quality plastic mulch 
with hole making or without hole making. Similarly 
tunnel laying machine is useful to make plant cover 
to maintain the environment in winter.

Seed Sowing and Transplanting
Various types of vegetable seed sowing and 
planting machinery are available with power source 
as manual, animal and tractor. The type can be 
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Planters for potato crop

Seed – cum- fertilzer drill –cum- seed planters

Vacuum seed planters can be used for sowing vegetables and spices

Planters for garlic and onion bulbs

Semi automatic disc type

Potato harvester with loader

Semi automatic disc type 4 row potato 
planter with fertilizer attachment

Automatic vertical bucket belt type potato planter
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Machinery for vegetable transplanting
Transplanting machine may be broadly grouped 
manually operated, mechanical and automatic. 
In the first type operator sits on seat provided on 
the machine and drops the plants by hand directly 
into the furrow which is opened by machine. In 
mechanical transplanter, two or more people can 
work on each row. Operator places seedlings in 

trays or between fingers on endless conveyor from 
where seedlings are picked up and transplanted 
mechanically. Fully automatic transplanting 
generally adopts the method of chain or finger type 
systems specific to machine and crops. A tractor 
mounted semi automatic three row plug type 
vegetable transplanter was developed for tomato, 
cauliflower, chillies and brinjal seedlings.

Raised bed former cum transplanter

Row weeders Flame weeder

Vegetable seedling
transplanter with
seedling hodlers

Transplanters for
mulched field

Machinery for inter cultivation
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Machinery for inter cultivation
Enemy of vegetable growing is the weed. Weed 
competes with cultivated plants for water, nutrients 
and space. Thereby reduces the productivity of 
the crop. The main objectives of weed control are 
to reduce competition from weeds. Interculture 
operations are often done along with weeding. The 
power operated rotary tiller, tractor drawn row crop 
cultivators, lister cultivator, etc are used. Manual 
weeding and mechanical weeding using small hand 
tools such as manual weeder, hand hoe, push pull 
weeder, etc are used to remove weeds and do the 
intercultivation. The flame is produced from gas 
cylinders and is used to burn weeds in the field. 
The weeders with crop cover are mostly used to do 

weeding with damaging plant.

Weeding in orchards
Orchard maintenance in terms of weed control and 
cutting unwanted plants inside orchard is a major 
operation. The tractor operated cultivator, rotavator, 
rotoslasher and power tiller operated rotavator are 
major equipment used for orchard maintenance. 
The tractor mounted offset type tree basin cleaner 
is also available to clean the basin around the trunk 
of the tree to have efficient irrigation through drip 
system. The imported weeder is used to weed 
between the rows and plant in grape vineyards in 
the grape growing areas in Maharashtra.

Manual operaed pruner and loppermulched field

Pneumatic pruners

Engine   operated   pruner and chain saw

Battery operated pruner

Fruit crop orchard weeders

Grape vineyard weeder

Pruning
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Seasonal pruning in mango is the major operations 
to have proper fruit bearing. It is also followed 
to rejuvenate old senile orchards. The tools like 
secateurs, manual operated pruners, telescopic 
pole type loppers, pruners and engine operated 
chain saw are available for tree

pruning in mango orchard. IIHR tractor operated 
hydraulic platform can also be used to prune tall 
trees and canopies. The imported self propelled 
platform with hydraulic pruners is also useful for this. 
Pruning is also important for canopy maintenance 

in citrus and grapes , The following are the major 
pruning machinery useful for orchards.

Spraying
Orchard spraying is generally done using rocker arm 
spraying, engine operated power sprayer with long 
spray gun. The entire canopy can be covered in these 
type of sprayers. However, due to cost of spraying 
and labour availability , this is compromised. There 
are high efficient tractor mounted sprayers are 
available which can be used for mango orchard 

High end canopy pruners

IIHR pruning platform AFRON pruning platform
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Different type of sprayers

Electrostatic sprayers

spraying. IIHR tractor operated hydraulic platform 
attached with power sprayer is also an alternative 
to cover entire canopy of the tree. Similarly spraying 
in vegetable crops are done using boom sprayers as 
shown in following figures. Electrostatic sprayers are 
used in grape vineyard in Maharashtra for targeted 
spraying on grape leaves.

Harvesting
The major operation in orchard is fruit picking / 
harvesting. The manual harvesting of beating , 
shaking the braches and collecting the fallen fruits 
from the ground would damage the fruits in larger 
extent. It reduces the shelf life and quality of the 
produce. There are many manually operated fruit 
harvesters with collecting nets are available to 

reduce the physical damage to the fruits. The IIHR 
tractor operated hydraulic platform for harvesting 
and imported self propelled platform are also useful 
for harvesting in larger orchard. Tree trunk or branch 
shakers are used to harvest berries and loosely 
attached fruits. Collecting nets are used to collect 
the fruits while harvesting. There vacuum operated 
machinery are used to collect fallen . harvested 
fruits from the ground. The different types of 
coconut climbers are available for plantation crop 
management and harvesting. Tractor operated 
platforms are useful to reach upto to the top conopy 
for plantations crop orchards and fruit orchards. 
Similarly, different types of harvesters for vegetable 
crops available in India and abroad are given below 
for adoption in India.
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Fruit Harversters
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Different types of vegetable harvesters

Machinery for on Farm Processing
Grading of vegetables is considered very important 
as it can fetch higher price to the grower. Grading 
also improves packaging, handling and other post-
harvest operations. Grading is basically separating 
the material in different homogenous groups 
according to its specific characteristics like size, 
shape, color and on quality basis. In India, normally 
vegetables are graded manually. Manual grading 
is an expensive and time consuming process and 
even operation is affected due to non-availability 
of labours during peak seasons (Narvankar and Jha, 
(2005). Size variation in vegetables like potatoes, 
onions provided a base for grading them in 
different categories. Every vegetable producing 
country had made their own standards of different 
grades keeping in view the market requirements. 
The different models of graders for grading the 
vegetable based on their size are given below.

A 500 kg per batch capacity hotwater treatment 
unit is developed at ICAR-IIHR , Bangalore-This is 

more useful for farmers to do hot water treatment 
of mangoes against fruit fly and anthracnose at the 
farm level. It has automatic temperature and time 
controls and operated by 24kW heating coils for 

treatment.

Some suggested points for researchers, 
manufacturers and end users linking for horticultural 
mechanization

yy Crop wise mechanization with specialized 
research team including industry 

yy Make industry and research colloboration more 
practical and mutually beneficial 

yy Large level field trials to get farmers’ confidence 
through different schemes

yy Establish farm machinery fabrication and supply 
centres at different zones 

yy Farm machinery testing to be faster 

yy Human resources development for operation 
and maintenance of farm machinery 
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Screen type grader Expanding opening slat type grader IIHR onion grader
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Cotton is cultivated in three distinct agro-ecological 
regions (North, Central and South) of the country. 
Approximately 65 percent of India’s cotton is 
produced on dry land and 35 percent on irrigated 
land. The soils of Central zone and some part of south 
zone contain large proportion of clay thus become 
very sticky when wet and very hard when dry. Small 
holdings, complex land tenure arrangement and 
excessive farm fragmentation further limit the scope 
for sophisticated farm power system more suited to 
large holding. Power availability also varies from 
3.5 kw/ha in the highly mechanized zones of North 
India to a dismal level of 0.7 kw/ha in the central 
rain fed zones. Cotton has been least mechanized 
of all crops in India. Therefore, a networked project 
on cotton mechanization was initiated under 
Technology Mission on Cotton Mini Mission-I (TMC 
MM-I, phase 1 and 2) to address critical gaps in 
cotton mechanization during 2002-07 and 2007-
12. Developments under the project by various 
collaborating centres are briefly presented in the 
following paragraphs. 

Bullock Drawn Cotton Planter (ICAR-CICR, 
Nagpur)

Traditionally cotton seeds are sown manually in 
check rows after cross wise marking the field with a 
marker in order to facilitate cross wise inter-culture 
operations with a bullock drawn cultivator. Seed 
drills do not ensure equal plant to plant spacing 
within the rows. The sticky soil of vertisols renders 
planters ineffective due to changing effective 
diameter of the drive wheel because of sticking soil 
on the rim.

A two row bullock drawn cotton planter for small 
farmers, especially for vertisols has been developed. 
Vertical rotor type seed mechanism is used for 
metering of seeds. The row to row spacing is kept at 
60 cm, while the seed to seed spacing within the row 

can be varied from 30 cm to 120 cm.  The seed rate 
was found to be 4.6 kg/ha for 60x60 cm & 3.0 kg for 
60x90 cm spacing. The planter has a novel cleaning 
mechanism to clean the sticking soil off the rim 
of the drive wheel, thus maintaining the effective 
diameter of the latter and ensuring the desired 
plant to plant spacing. The vertical rotor metering 
mechanism has the advantages of reduced seed 
damage and uniform seed placement. The average 
depth of seed placement was 6 cm below ground 
with a germination percentage of 84 %. The field 
capacity of the implement was 4.5 hrs/ha. It is useful 
in cotton sowing in Central India especially the 
black cotton soils.

The technology has been commercialized.

IPR/Patents filed: Pat. No.1559/MUM/2009, 
published, under examination.

New Developments in Cotton Mechanization

Gautam Majumdar1 and Keshav Raj Kranthi2

Central Institute for Cotton Research, Nagpur

Planter in operation in farmers field through IVLP

Bullock drawn vertical rotor cotton planter for vertisols

1 Scientist (Farm Machinery & Power)      2  Director
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Single row manually operated self propelled 
weeder (PAU, Ludhiana)

In India, farmers mainly follow the hand weeding 
though chemical weeding is slowly becoming 
popular, in spite of it being costly. Hand weeding 
requires more time and labour, leading to higher 
cost of cultivation. An estimated 400-600 man hours 
per hectare is required for hand weeding which 
amounts to Rs.2200 per hectare, depending upon 
weed infestation. Availability of labour is also scarce 
during peak periods of weeding and harvesting.

The mechanical weeder developed is self propelled 
machine used for weeding and tillage operation in 
orchards and in wider row crops. It consisted of a 
4.8 hp light- weight diesel engine mounted on the 
power tiller chassis, power transmission system, 
two M.S. wheels, a frame and rotary blades. The 
power from the engine has been transmitted with 
the help of belt & chains to the rotary blades & 
ground wheels through a gear train. The width of 
the rotary shaft is 45 cm. The rotary shaft has four 
flanges. On each flange four blades of L-type are 
hinged. A power cut off device has been provided 
to engage or disengage the power supply to rotary 
system. The field capacity of self propelled rotary 
weeder was 0.07-0.09 ha/h and of tractor operated 
weeders was 0.25 -0.33 ha/h respectively. Injury to 
plant was less than 1 % in self propelled weeders 
but in tractor operated weeders it was 1-4 percent. 
Re-emergence of weeds was less in case of rotary 
weeders as compared to sweep weeder. Saving of 
labour requirement was about 64 to 67 %.

Comparison of self propelled weeder with  
Tractor operated rotary and sweep weeders

S. 
No.

Parameters Self-
propelled 
weeder

Tractor operated

Rotary 
weeder

Sweep 
weeder

1 Labour for  covering     
inter row unweeded,   
man-h/ha

77.05 77.55 79.72

2 Saving in labour 
requirement, %

63.96 66.93 66.05

3 Saving cost of 
operation, %

40.62 56.38

The technology has been commercialized.

 

TNAU-Varun power weeder (TNAU, 
Coimbatore) 
The equipment consists of 10 hp diesel engine, 
power transmission housing, ground wheels, rotary 
knives, handle and clutch. From the engine, the 
power weeder is transmitted to the transmission 
housing and then to the ground wheels and rotary 
knives. The specifications of TNAU- Varun power 
weeder are furnished below. 

Specifications of TNAU-Varun power weeder

S. No. Particulars Technical specifications 

i Rated output, hp 10.0

ii Displacement 401cc, 3600mm   

iii Weight, kg 325

iv Air cleaner Oil bath

v Fuel tank capacity 6.0

vi Starting method Rope start

vii Clutch Friction type, conical clutch

viii Speed First gear – 100 rpm

ix Power transmission 
system

Gear box and belt and 
pulley

x Rotary type Central drive

Stationary view of single row manually operated  
self propelled weeder

Self-propelled cotton weeder
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S. No. Particulars Technical specifications 

xi Number of rotary 
tynes

36 

xii Ground clearance 
,mm

80

xiii Width of rotary 
tiller, mm

550

The equipment has been commercialized.

360 per hectare. In spite of quality work the cost of 
operation was near traditional hoe.

The technology has been commercialized.

Overall view of TNAU-Varun power weeder

Weeding tool of TNAU-Varun power weeder

Self Propelled Precision Inter Row Cultivator 
(PDkV, Akola)
In central India the inter-cultivation is mostly done 
by age old traditional implements, i.e, bullock 
drawn hoes. These tend to be time consuming and 
laborious. A self propelled inter row cultivator was 
developed and tested in cotton and other crops. 
The inter row cultivator is an attachment to a self 
propelled prime mover consisting of 5 hp diesel 
engine. The cultivator consists of sweep type blade. 
In cotton it was tested in check row of 60 x 60 cm. The 
speed of operation was found from 2.85 to 3.2 km/
hr which was most suitable for operator. The actual 
field capacity was found 0.25 to 0.3 ha/hr with 48 to 
98% field efficiency. The weeding efficiency was 85 
to 86%. The operation cost was found as Rs.303 to 

View of Self Propelled Precision Inter Row Cultivator

Rotary spading machine for inter cultivation in 
cotton   (TNAU, Coimbatore)
The manual spading operation in rice fallow cotton 
is a highly labour intensive operation. The success of 
the crop depends on this crucial operation. The labor 
availability for such work is very limited and manual 
operation is costly. The spading machine provides 
an exciting alternative to till under such conditions 
where other tillage techniques cannot be adopted. 
A tractor operated rotary spading machine for rice 
fallow cotton was developed. It consists of a main 
frame, gearbox, crank shaft assembly, digger arm 
and shovel assembly and depth control wheel.  The 
shovel with digging arms are thrown into the soil 
with in the help of 4 bar linkage mechanism and 
loose broken topsoil with crop residues and surface 
applications are well mixed so that air and moisture 
speed the decomposition of vegetation. It was 
further refined by modifying the pivot assembly 
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and providing clod breaker trailing boards.  The 
spading machine was field tested in cotton crop 
cultivated in normal practice and was found to do 
the inter cultivation with minimum crop damage. 
The spading machine can be effectively used in 
cotton raised in flat beds at a spacing of 60cm to 
1m. The operation of spading machine resulted 
in 26.20 to and 97.9 per cent saving in cost and 
time respectively when compared to spading with 
manual worker. 

The equipment has been commercialized.

kg, with a swath 
of 90cm giving 
10 sprays with 
a single charge. 
Solar operated 
sprayer could 
sustain a pressure 
of 20+10% psi 
for a significantly 
longer time (44%) 
over the battery 
operated sprayer, 
thus generating 
uniform droplet 
size spectrum 
over a longer 
period of time. 

The equipment 
has been commercialized.

IPR/Patents filed : Patent filed application no. (Prov. 
Pat. No. 1560/ MUM/2009), published and is under 
examination.

Self propelled Check row planter (PDKV, Akola)

A 3-row, self propelled check row planter with 
pneumatic metering mechanism has been 
developed and evaluated at Farmers field for Check 
row planting of Cotton.  Ropes with knots are placed 
in the field, over which the solenoid valve of the 
machine passes and on the activation of the valve 
due to the knots on the rope, the seed metering 
mechanism gets activated.

The speed of operation was found from 2.85 to 3.2 
km/hr which was most suitable for operator. The 
actual field capacity was found 0.25 to 0.3 ha/hr with 
48 to 98% field efficiency. The weeding efficiency 
was 85 to 86%. The operation cost was found as 
Rs.303 to 360 per hectare.

The technology is yet to be commercialized
General and operational view of the spading machine

Check row mechanism

Solar powered knapsack sprayer (ICAR-CICR, 
Nagpur)
In order to overcome the disadvantages of a 
knapsack sprayer viz., variations in pressure leading 
to non uniform generation of spray droplet sizes 
and hence ineffective sprayings and wastage of 
pesticide, and disadvantages of a battery operated 
sprayer due to long hours of load shedding in rural 
areas and inability of charging of battery, a novel Solar 
Operated Knapsack Sprayer has been developed, 
tested and modified. It has a field capacity of 4 hrs/
ha. The weight of the sprayer without pesticide is 9 

Solar operated knapsack sprayer
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Depth control and furrow compaction mechanism

Overall view

Mini Cotton harvester with pre-cleaner attachment for small farms

Small Cotton Harvester with Pre-cleaner 
attachment (ICAR-CICR, Nagpur)
A self-propelled riding type cotton harvester has 
been developed for small cotton farms. The cotton 
harvester so designed consists of the following sub-
systems:-

1. The Header unit, consisting of a platform, 
stripping combs and cross augers

2. The conveying unit comprising of chain 
conveyor

3. The separation chamber for separating the seed 
cotton from carpels

4. On-board pre-cleaner to separate larger trashes 
from harvested seed cotton like burrs, sticks etc.

5. Storage box for collecting the harvested seed 
cotton

The harvester is especially designed for narrow row 
cotton cultivation as in HDPS where commercial 
spindle type harvester cannot operate. Because of 
its smaller size, and relatively simpler operations 

it is suitable for harvesting Indian cotton farms. 
Compared to spindle type pickers it has less 
maintenance and fewer wearable parts for 
replacement. The harvester was tested in Suraj Var. 
sown at 80cm x 10cm. The crop was defoliated with 
Ethrel at 5000 ppm. The field capacity of the machine 
was found to be 4.2 hrs/ha. The cost of picking was 
Rs 1.2/kg for a yield of 20Q/ha and Rs 2403/ha giving 
equivalent amount of trash to that of commercial 
cotton harvester. The harvesting efficiency obtained 
was 90% which improved to 98% with modification 
of picking arrangements. However the average 
trash percentage was 24%. The harvester includes a 
pre-cleaner, therefore giving the first stage of pre-
cleaning on the farm. Further cleaning of harvested 
seed cotton is to be done at the ginning factories. 

 IPR/Patents filed : Patent filed application no. (Prov. 
Pat. No. 2076/ MUM/2014), published and is under 
examination.

Tractor mounted cotton stripper (ICAR-CICR-
CIRCOT-Mahindra)
The conceptual mini cotton harvester detailed 
above, was extended to make a tractor mounted 
cotton harvester using a 55 hp tractor fitted with a 
comb type header, a belt conveyor, an onboard field 
cleaner and a storage tank, under PPP mode with 
collaboration from ICAR-CICR-CIRCOT and Mahindra 
& Mahindra tractors. Harvester was evaluated on Bt 
F2 hybrid planted at 60x10 cm spacing. Machine had 
a picking efficiency of 97.9% leaving only 2.1% bolls 
unpicked. However, the header+cleaner+shattering 
losses were found 11.5% with a comb spacing of 
16mm and 12.5 % with a comb spacing of 18mm. 
The field capacity of machine was found to be 
about 2 hrs/ha including the unloading and idle 
time of the machine. The Onboard cleaner head an 
overall efficiency of 54% trash removal lint basis. 
It was most efficient in removing burrs at 64% lint 
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basis as the burrs constituted a significant part of 
the harvested load at header at about 26.6% of 
the total mass including seed cotton (68.7%) and 
Sticks+leaves+other debris (4.7%). Variables tested 
in the onboard settings were (1) various grid bar 
settings i.e., Normal (14-9.5mm), Uniform 13 mm, 
Uniform 15 mm and Maximum (16-12.7 mm) and (2) 
Various speed of drum rotation by changing pulley 
sizes from 200, 175 and 150mm. Increasing the rpm 
of drum by replacing the 200 mm pulley with 175 
mm pulley could bring down the Fibre-Neps and 
Seedcoat-Neps favorably within acceptable limits, 
however increasing the rpm of the drum further with 
a 150 mm diameter pulley had a deteriorating effect 
on the fibre properties. Keeping this rotational speed 
and the 175 mm pulley size constant the various grid 
bar spacings resulted in least trash content of 10.5% 
seed cotton basis with the normal grid bar spacing 
albeit greatly sacrificing the fibre properties. 15mm 
Uniform sapcing resulted in 14% trash content, 
however, Uniform 13 mm grid bar spacing yielded 
an acceptable trash content of 12.3% with no loss 
of fibre properties from the manual picking of 
cotton. When the machine harvested seed cotton 
was recycled through the onboard cleaner the first 
time the burrs in the harvested seed cotton came 
down to 12% from 17%. And yet another pass of 
this recycled cotton through the onboard cleaner 
brought down the burrs to 6% level. 

ICAR-CICR-CIRCOT-Mahindra Tractor mounted  
cotton stripper harvester

Herbicide Wick Applicator

ICAR-CICR Whitefly Adult Suction Trap

The technology is yet to be commercialized as it is 
still under trial and refinement.

Whitefly Suction Trap
A trap named as CICR Whitefly Adult Suction Trap, 
was designed. The trap is power operated, shoulder 
mounted, portable, adjustable and sucks the 
whitefly adults available on the underside of the 

cotton leaves without any harm either to natural 
enemies or the crop. 

The trials are going on for efficacy of the trap.

Wick Herbicide Applicator for Cotton
Wick Applicator is used to control the weeds in 
between the rows of cotton in the field. The systemic 
weedicides which touch the surface of plants, kill 
entire plant. However, spraying such chemicals 
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has the risk of killing nearby cotton plants by drift. 
Therefore, a wick applicator has been developed to 
only brush over the surface of the weeds and thus 
eliminating the risk of contaminating the cotton 
plants. It is operated between the rows of cotton. 
It has a cylindrical tank of 10 lit. capacity, one 
conveying pipe from tank to wick, and cotton wicks 
mounted at the end of a 40 cm.long handle. Brush 
width has been kept at 24 cm. to accommodate 
in between narrow rows of cotton under High 
Density Planting System. Overall dimensions of the 
applicator are 36x20x60cm. It is shoulder mounted, 
so by gravity the fluid is injected from the small 
openings towards the wicks, below the tank a stop 

cock is provided to regulate the flow rate. 

The field capacity of wick applicator was found to 
be 0.07 ha/hr. The flow rate could be varied by the 
regulator so as to vary the application rate from 110 
lit./ha. to 550 lit./ha., depending on the density and 
age of weeds. 

References
Technology Mission on Cotton Mini Mission-I (TMC MM-

I) Annual Reports during 2002-07, 2007-12, 2012-15, 
Central Institute for Cotton Research, Nagpur.

CICR Annual Reports, 2002-2015.
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The Indian agriculture sector accounts for 13.9 per 
cent of India’s gross domestic product (GDP) and 
employs just a little less than 54.6 per cent of the 
country’s workforce. The ever changing weather 
conditions, soil fertility, pests and diseases etc. affects 
the produce in farming. Indian farmers need reliable 
agricultural information and alternate marketing 
channels. Information and Communication 
Technology (ICT) permits the exchange or collection 
of data through interaction or transmission. ICT is 
an umbrella term that includes anything ranging 
from radio to satellite imagery to mobile phones or 
electronic money transfers.

The latest and most promising area of ICT is Cloud 
Computing. Cloud computing is a tool to make IT 
related services available in a simplified manner 
hiding the complexities of those services. It can break 
the farmer’s limitations in technical knowledge, 
improve the utilization of existing resources and can 
also overcome the strong dependence on natural 
climate in the specific geographical areas. However, 
cloud computing has its limitations as it requires 
internet to access data, which acts as the biggest 
barrier in extending cloud services as Internet 
penetration in India is only 27%.

The solution for this would be to extend cloud 
computing through Voice Web as mobile 
penetration in India stands at 79.78%. It can be used 
to push the Expansion of Cloud Computing as it 
reaches masses and can be used to deliver services. 
It can reach a large percentage of human population 
which is characterized by unaffordability, illiteracy 
and lack of locally relevant content. Farmers can 

access quality content, information and know how, 
related to agriculture and related activities by just 
dialling a number and stating their query.

Phoneme Solutions is a company focusing on some 
innovative Mobile services and platforms to take 
consumer engagements to next level. We have 
developed a voice based platform V-Phoneme 
which we believe can be a differentiator in the 
current ecosystem.

V-Phoneme platform aims to deliver complete 
Mobile and text based servicesthrough a single 
destination. In addition to that, it is coupled with the 
VoiceBiometric solution wherein it provides the 
best mechanism for the Authenticationpurposes. 
We are launching V-Phoneme services on a 
cloud platform with an ambition to create the 
parallel World Wide Telecom Web (WWTW) thereby 
harnessing the reach of the Telecom infrastructure 
and its features.

Based on our platform we would like to propose 
‘KrishiCloud’ a cloud based VoiceSite which will 
bring all stake holders under one umbrella where 
all the channelscan connect. Farmers will only have 
to call one number for any service that they would 
like to avail. Information can be disseminated to the 
farmers easily by sending audio files, videos and 
SMS about various products and services. Further,it 
will be a plug and play mobile information delivery 
system which can be used for setting up tailor-made 
and personalized information service, meant for all 
stake holders where they can share information, do 
transaction, create social profile and get to know 
each other better.

Krishi Cloud (Smart Farming) Voice Site Platform

Kaushal Misra 
Product Head, Phoneme Solutions Pvt Ltd.  

Central Institute for Cotton Research, Nagpur
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Innumerable conversations with farmers from 
across the country over the years have revealed that 
the biggest impediment to doubling farmer income 
is the availability of water. Solving this problem 
opens the door to addressing other issues such as 
improving the varieties of seeds, adoption of better 
farming practices and farm mechanization.

It is not as if India does not get adequate precipitation. 
It is just that even in areas where precipitation is as 
high as 1200mm in a year (national average being 
in the range of 900mm), the run-off is so high that 
farmers do not have water for adequate number of 
irrigation events and thus are unable to maximise 
productivity.

Mahindra had the opportunity to work with the 
Madhya Pradesh Government in “Public – Private 
– Partnership” mode and implement watershed 
development projects in the district of Damoh. As a 
result of the project, more than 100 ha. of additional 
land was brought under cultivation, farmers were 
able to irrigate their rabi crops at least 2 times more 
than before, many farmers were able to take multiple 
crops and the overall income of households more 
than doubled during the project.

The use of hand-held tabs and cutting edge 
software to enable consistent implementation 
of best practices in farming played a huge role in 
increasing agricultural productivity sharply. As a 
result of enhanced disposable income, the tractor 
population in the 32 villages more than tripled and 
many farmers adopted micro-irrigation to use the 
available water better. This has set up a virtuous 
cycle where the farmers are able to enhance the 
productivity of their fields and their time even 
further.

The story of development was not limited to 
agriculture. More than 2000 women joined the self-
help group movement, the landless took up locally 
relevant professions to earn a living and social 
progress in terms of adoption of toilets, dairy and 
bio-gas took firm root in the community. It is a vibrant 
example of participatory rural development where 
Mahindra and the local Government teams played 
the role of enablers. From Mahindra’s perspective 
this was CSR money well spent as it made tangible 
impact in the lives of our rural brothers and sisters.

CSR to Double Farmer Income

Mr. Rajesh Jejurikar
Mahindra & Mahindra Limited.
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Overview of farm mechanization 
Farm mechanization helps in increasing production, 
productivity and profitability in agriculture by 
achieving timeliness in farm operations, bringing 
precision in metering and placement of inputs, 
reducing available input losses, increasing utilization 
efficiency of costly inputs (seed, chemical, fertilizer, 
irrigation, water etc.), reducing unit cost of produce, 
enhancing profitability and competitiveness in the 
cost of operation. 

It also helps in the conservation of the produce 
and by-products from qualitative and quantitative 
damages; enables value addition and establishment 
of agro processing enterprises for additional income 
and employment generation from farm produce. It 
is one of the important inputs to usher in all round 
development in rural India.

With newer farm techniques such as zero-tillage, 
raised-bed planting, precision farming, drip or 
sprinkler irrigation, the dependence on farm 
mechanisation has increased.

Current scenario of farm mechanization in 
India 
In the Indian context, mechanization is in the early 
stages of evolution. This has been the case because 
labour shortage was not a big issue few years ago. 
It has increased in recent years due to the rural 
employment guarantee scheme and migration of 
labour to urban areas. 

The 2011 Census pointed that the movement 
of labour away from agriculture has gathered 
momentum in recent decades, although the share 
of workers living off the land still remains substantial 
at 54.6 per cent of the work force. The result that 

has attracted the most attention is that the farmer 
population has shrunk by nine million between 2001 
and 2011. There is scarcity of labour to undertake 
activities such as weeding in corn cultivation or 
manual transplantation in rice cultivation.

Another interesting trend highlighted by the Census 
is the steady rise in the number of agricultural 
labourers, who outnumber cultivators in 2011. This 
may be reflective of the fact that agricultural growth 
has been sluggish, although overall GDP growth has 
been robust. Owing to the pressure of population, 
the average size of land holding is getting even 
more fragmented over time.

In light of the above, it can be clearly delineated 
that the future of agriculture is dependent on 
penetration of scale-neutral technologies. The 
trend has already begun in some ways, with those 
who remain in farming turning to newer methods 
of optimising the output on their farms, including 
adopting newer technologies to save cost and time. 
The use of tractors and tillers increasing five-fold in 
the last four decades is a testimony to this fact.

According to the Department of Agriculture, the 
share of agriculture workers and draught animals 
(farm power sources in agriculture) has come down 
from 63.5 per cent in 1971-72 to 13.67 per cent in 
2009-10, whereas the share of tractors, power tillers, 
and motors has gone up from 36.51 per cent to 86.33 
per cent during the same period. The increasing cost 
of agriculture labour and upkeep of draught animals 
has also partly resulted in the greater adoption of 
tractors for farm operations.

However, although India is the largest manufacturer 
of tractors in the world, accounting for one-third of 
the global production, farm mechanisation in India is 

Need for Skilling in Farm Mechanization: 
A Critical Need

Dr. Satender Singh Arya
Chief Executive Officer, Agriculture Skill Council of India
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still at a nascent stage, with the average farm power 
availability in the country lower than in countries 
such as Korea, Japan and the US. Though, India is one 
of the top countries in agricultural production, in 
terms of farm mechanisation, it is behind the world 
average. For instance, the tractor density of India is 
about 16 tractors for 1,000 hectares, while the world 
average is 19 tractors and that of US is 27. Clearly, 
there is significant opportunity for mechanisation of 
agriculture.

Farm machinery market in India
Agriculture and allied sectors contribute 
approximately 14 percent to India’s GDP. It is 
expected to employ approximately 205 million 
people by 2019-20. Currently, rapid urbanisation, 
growing population and growth of other sectors 
promising employment is impacting the farm 
productivity. Use of proper equipment can increase 
the farm productivity by up-to 30 percent and 
reduce the input cost by about 20 per cent. 

Agricultural machinery market in India is estimated 
to grow at a CAGR of over 10 percent during the 
period 2013-18. Currently, the Indian market is 
dominated by 1500 micro units, 2500 small scale 
units and 250 medium sized companies. 

Challenges faced in utilizing farm 
mechanization resources 
It is imperative that all stakeholders in the farm 
equipment sector have a clear understanding of 
the challenges in farm mechanization in order to 
collaborate and overcome these issues.  

yy Availability of financial resources 
 The availability of financial resources is a big 

factor in mechanization. In the lower economic 
strata of the farming community, availing 
of financial resources is a challenge as most 
finance companies are wary that buyers don’t 
have enough collateral to offer for loans and 
uncertain income flows. Also, their ability to 
pay back becomes an issue in the event of crop 
failures. 

 There have been farm mechanization schemes 
introduced by the government such as the 
farm mechanization scheme of the Central 
Government in which subsidies are being 
provided to family, communities and women in 
KBK districts and for SC, ST and women category 
of farmers. The scheme was introduced on 08 / 
08 / 2007 and was valid up to 31 / 03 / 2015.

yy Lack of guidance in choosing farm equipment 
 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. 

yy Inadequacy of farm power 
 The major constraint of increasing agricultural 

production and productivity is the inadequacy 
of farm power and machinery with the farmers. 
The average farm power availability needs to 
be increased to minimum 2.5 kW/ha to assure 
timeliness and quality in field operations, 
undertake heavy field operations like sub-
soiling, chiselling, deep ploughing and summer 
ploughing. 

yy Lack of after sales service of farm machinery 
 The after sales service of farm machinery is a 

concern in India as the majority of farmers are 
cost conscious. There are inadequate service 
centers for proper upkeep of the machinery. 

Skill development in farm mechanization
In light of the above mentioned facts, we understand 
that farm mechanization has generated employment 
by facilitating more intensive cultivation; however 
there is a critical need for skill development in this 
sector. 

The Agriculture Skill Council of India (ASCI) has 
taken the lead in creating structured and uniform 
standards based on which farm mechanization can 
happen in India. 

ASCI is an industry led body comprising of 
28 governing council members and other 
representatives from the government, academic 
and research institutions and farmer groups. In 
order to bring unified institutional structure and 
standardization invocational training programs, it 
has been working tirelessly on the following:

yy Organizing qualifications according to series 
oflevels of knowledge, skills and aptitude

yy Multiple career pathways

yy Multiple entry and exit option

yy Credit accumulation and transfer

yy Recognition to prior learning

yy Equivalence with certificate, degree & diploma
So far, it has been successful in creating 116 
Qualification Packs with 64 under process. It 
has affiliated 210 training partners and enrolled 
approximately 2,40,000 trainees. It has covered 
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27 States and 3 UTs with 637 trainers under the 
“Train the Trainer” program. It has empanelled 487 
assessors and uses 11 languages for assessments. 

Qualification Packs and NSQF levels 
In order to ensure uniform and standardized 
training across the country Qualification Packs (QPs) 
are being developed by ASCI. A Qualification Pack 
(QP) comprises of performance criteria that a job 
holder is expected to display, while carryingout, 
his/her roles & responsibilities. It contains 
various National Occupational Standards where, 
similar performancecriteria fall under National 
Occupational Standards (NOS). 

National Occupational Standards (NOS) specify the 
standard of performance an individual must achieve 
whencarrying out a function in the workplace, 
together with the knowledge and understanding 
they need to meet thatstandard consistently.

Each of the QPs are aligned to National Skill 
Qualification Framework (NSQF) level ranging from 
a scale of 1 to 10 with one being unskilled and 10 
being the most skilled. 

So far, ASCI has developed the following QPs on 
priority for the Farm mechanization sector:

yy Agriculture Machinery Operator: An 
Agriculture Machinery Operator is responsible 
for operating machineries such as power tiller, 
sprayer,duster, used in farming processes such 
as tilling, planting seeds, fertilizing plants and 
harvesting crops.

yy Agriculture Machinery Repair and 
Maintenance Entrepreneur: An Agriculture 
Machinery Repair and Maintenance 
Entrepreneur is responsible for ensuring timely 
availability of repair and maintenance services 
to farmers in order to improve agricultural 
mechanization.

yy Agro Service Centre/Custom Hiring 
Entrepreneur: An Agro Service Centre/Custom 
Hiring Entrepreneur is responsible for providing 
hiringservices for various crop specific machines 
applied for different operations to small and 
marginal farmers as per demand, by setting up 
his/herown centre.

yy Irrigation Pump Technician: An Irrigation 
Pump Technician is responsible for installation, 
repair and maintenance of pumps such 
ascentrifugal pumps, sprinkler systems, drip 
irrigation systems on a regular basis.

yy Reaper and Thresher Operator: A Reaper and 
Thresher Operator is responsible for operating 
harvesting and post harvesting machines 
suchas reaper, thresher, cleaner and grader, 
dryer, oil expeller, chaff cutter, etc. used in the 
farming processes such as reaping, threshing, 
drying,grading, etc.

yy Repair and Maintenance Technician-Farm 
Machinery: A Repair and Maintenance 
Technician-(Farm Machinery) is responsible for 
carryingout repair and maintenance of machines 
used in various operations like tillage, sowing, 
plant-protection, harvesting, threshing and post 
harvesting such as disc ploughs and harrows, 
seed drillers, plant protection equipments, 
reapers, threshers, chaff cutters. 

yy Service Technician/Demonstrator: A Service 
Technician/ Demonstrator is responsible for 
teaching and demonstrating to farmersthe 
operations of agriculture machineries such as 
tractors, power tillers, disc ploughs, harrows, 
seed drills, planters, irrigationsystems, harvest 
and post-harvest equipments

yy Tractor Mechanic-Repair and Maintenance: 
A Tractor Mechanic-Repair and Maintenance is 
responsible for providing repair andmaintenance 
services for different parts and systems of a 
tractor.

yy Workshop Foreman/supervisor: A Workshop 
Foreman/ Supervisor is responsible for looking 
after the day to day operations of thefarm 
workshop and preparing work plan for operators 
and technicians

yy Workshop/Service Manager: A Workshop/ 
Service manager is responsible for 
managing the overall operations of the farm 
workshop,ensuring the upkeep of machinery, 
procuring and disposing of farm machinery, 
ensuring implementation of safety procedures 
anddocumentation system

yy Tractor Operator: A Tractor Operator is 
responsible for keeping the vehicle free 
of any complaints, taking up basic repairs 
whereverfeasible and necessary and taking up 
various agriculture activities as per the needs of 
the farmers

yy Harvesting Machine Operator: A Harvesting 
Machine Operator, also known as Combine 
Harvester Operator, is responsible for 
safeoperation and day-to-day maintenance of 
harvesting machine.

ASCI has already organized a skill advisory meeting 
with various stakeholders from the Ministry of 
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Agriculture, farm mechanization industry, industry 
bodies – CII and FICCI, ICAR and academicians and 
researchers. It would be incorporating all their 
relevant inputs in the skill development for the 
farm mechanization sector so that the standards 
developed are relevant for the industry and for 
youth seeking employment. 

Other focus areas for strengthening farm 
mechanization 
Though policy makers have initiated preliminary 
support to farm mechanisation by including 
it as focus area in broader schemes such as in 
Rashtriya Krishi Vikas Yojna  (2007-2012) and macro 
management of agriculture schemes, concerted 
focus on this sector is still lacking. A lot more focus 
needs to be brought in to further enhance the 
growth of this sector and tap the immense potential 
it offers. 

yy Public-private partnership 
 While the government is indeed coming up 

with innovative schemes to increase farm 
mechanisation, it would also help if it could 
come up with good public-private partnership 
(PPP) models that would bring more private 
players into the fray with the latest in farm 
mechanisation.

yy Consolidation of land holdings 
 The widely fragmented and scattered land 

holdings in many parts of the country need to 
be consolidated to reap benefits of agricultural 
mechanization. 

yy Introduction of a rental model for high cost 
farm machinery 

 There is a need to innovate customer service or 
a rental model by institutionalization for high 
cost farm machinery such as combine harvester, 
sugarcane harvester, potato combine, paddy 
transplanter, laser guided land leveller, rotavator, 
etc. to reduce the cost of operation and can be 
adopted by private players or State or Central 

organizations in major production hubs. The 
farm machinery bank may be established for 
machines being manufactured elsewhere in the 
country to supply in low mechanized regions on 
custom hiring basis. 

 Custom hiring centers and development of an 
institutional framework for these centers are 
essential steps that need to be taken. 

yy Awareness programs 
 There is a need to have more interaction among 

the farmers, research and development workers, 
departments of agriculture and industry to make 
farm machinery research and development base 
stronger.  

yy Credit support
 Provision may be made for special credit support 

at lower interest rates to rural individuals, 
venturing into entrepreneurial use of farm 
machinery through custom hiring. 

yy Quality manufacturing and after sales 
support

 There is a need for quality manufacturing 
and after sales support for reliability of farm 
machinery. In addition, there is a need for 
strengthening training programmes at various 
levels and for different categories of people 
on operation, repair and maintenance of farm 
machinery and for transfer of technology.  

yy Utilization of new schemes to support farm 
mechanization

 Make in India can be used to support local 
manufacturing of farm implements currently 
being imported. Corporate Social Responsibility 
funds can be used for capacity building 
initiatives in the farm equipment space as well 
as for promoting a sustainable agricultural 
ecosystem.  

 Given the right focus from various stake holders, 
farm mechanization has the potential to play a 
critical role in increasing farm productivity and 
improving rural employment generation.
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Inadequate quality manpower in extension has 
been a bottleneck in effective delivery of extension 
services.  At the same time, large number of 
agriculture professionals have not been finding 
gainful employment.  Therefore, the Agri-Clinics 
and Agri-Business Centres (AC&ABC) Scheme was 
launched by the Ministry of Agriculture & Farmers 
Welfare, Government of India during 2002 to 
address these issues.

National Institute of Agricultural Extension 
Management (MANAGE) is entrusted with 
the responsibility of coordinating training 
and handholding of the selected agricultural 
professionals under the scheme.  MANAGE has 
been arranging a 2-month free residential training 
in Agri-entrepreneurship development for eligible 
agricultural professionals in their respective states 
through a network of 72 Nodal Training Institutes 
(NTIs). The training is followed by one-year 

Agri-startups through Agripreneurship Development

Dr. B Chandrashekara
Director,(Agri Extn.) MANAGE

Apps on ‘Cotton crop” and ‘IPM’ developed by 
Mr. Parikshit D. Bokare, Agripreneur, Ahmednagar, Maharashtra

The objectives of the AC&ABC Scheme are as 
follows:

yy To supplement the efforts of public extension 
by necessarily providing extension and other 
services to the farmers on payment basis or 
free of cost, as per the business model of the 
Agripreneur, local needs and affordability of the 
target group of farmers; 

yy To support agricultural development; and

yy To create gainful self-employment opportunities 
to unemployed agriculture and allied graduates, 
agriculture diploma holders, intermediate 
pass-outs in agriculture, and biological science 
graduates with PG in Agri-related courses.

handholding support from the NTIs for establishing 
Agri-ventures.  The trained Agripreneurs are also 
assisted through start-up loans and credit-linked 
back-ended composite subsidy through banks and 
NABARD.  

Salient features of the Scheme:  Graduates 
in agriculture and allied disciplines from State 
Agricultural Universities (SAUs) and Central 
Agricultural Universities / Universities recognized 
by ICAR/UGC; Diploma Holders in agriculture 
and allied subjects from SAUs; Biological Science 
Graduates with post-graduation in agriculture and 
allied subjects; and candidates at intermediate level 
agriculture related courses with at least 55% marks 
are eligible to avail the benefits under the scheme. 
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The candidates are selected through a screening 
process at the NTI level involving stakeholders such 
as State Agriculture Department, NABARD, NTI, 
MANAGE, KVK, Bank and Agri-Business Company. 

During the training, candidates are imparted 
basic knowledge on agricultural extension & 
Agri-entrepreneurship, exposed to Agri-ventures, 
guided to choose a project based on market 
survey and provided an opportunity for hands-on 
work experience, thus enabling them to prepare a 
Detailed Project Report (DPR) for submission to the 
banks.  After completion of the training, one-year 
handholding support is provided through NTIs to 
ensure successful establishment of Agri-ventures. 

Dr. Jahrur Islam, Agri preneur, Assam, Constructed a 
fish pond for conservation of indigenous carps.

 The project cost ceiling under the AC&ABC scheme 
for the purpose of subsidy is Rs.20.00 lakhs for 
individual projects and Rs. 100.00 lakhs for group 
projects (5 members). The subsidy for general 
candidates is 36% of the Total Financial Outlay (TFO) 
and 44% for women candidates/SC/ST beneficiaries 
and candidates from North Eastern and Hill States. 
The loans are provided through scheduled banks, 
and credit-linked back-ended composite subsidy is 
routed through NABARD.

Shri Hardik Rokad, Agripreneur, Amreli, Gujarat, 
giving consultancy on protected Agriculture

Progress during 2002-2016: Since inception till 
31st March 2016, a total of 47,815 candidates were 
trained and 20,450 Agri-ventures were established, 
thus achieving a success rate of 42.76%.  The details 
are as follows:

Progress of Agri-Clinics and Agri-Business Centres 
Scheme during 2002 -2016

Sl.
No

State No. of 
Candidates 

Trained

No. of  Agri-
ventures 

established

1    Andhra Pradesh 846 317

2    Arunachal Pradesh 32 3

3    Assam 632 206

4    Bihar 3422 1246

5    Chandigarh 3 1

6    Chhattisgarh 543 253

7    Delhi 26 3

8    Goa 9 4

9    Gujarat 1366 515

10    Haryana 614 205

11    Himachal Pradesh 418 108

12    Jammu and Kashmir 1333 176

13    Jharkhand 632 162

14    Karnataka 3102 1295

15    Kerala 184 51

16    Madhya Pradesh 1399 576

17    Maharashtra 10994 5178

18    Manipur 437 128

19    Meghalaya 11 3

20    Mizoram 34 0

21    Nagaland 174 21

22    Orissa 521 106

23    Pondicherry 124 77

24    Punjab 566 203

25    Rajasthan 2764 1012

26    Sikkim 9 1

27    Tamil Nadu 5493 2914

28    Telangana 1007 362

29    Tripura 2 1

30    Uttar Pradesh 9883 4929

31    Uttaranchal 414 138

32    West Bengal 821 256

Total 47815 20450
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Activity-wise categorization of Agri-ventures estab-
lished during 2002 -16

Sl.
No.

Agri-venture Number

1 Agri-Clinics 3098
2 Agri-Clinics and Agribusiness Centres 6726
3 Agro-Eco Tourism 10
4 Animal Feed Unit 47
5 Bio-fertilizer production and 

Marketing
102

6 Contract Farming 58
7 Cultivation of Medicinal Plants 112
8 Direct Mkt. 168
9 Farm Machinery Unit 700
10 Fisheries Development 347
11 Floriculture 106
12 Horticulture Clinic 163
13 Landscaping + Nursery 113
14 Nursery 488
15 Organic Production/ Food Chain 88
16 Pesticides Production and Marketing 40
17 Value Addition 271
18 Fishery clinic 15
19 Seed Processing and Marketing 333
20 Soil Testing Laboratory 102
21 Tissue Culture Unit 28
22 Vegetable Production and Marketing 226
23 Vermicomposting / Organic manure 495
24 Veterinary Clinics 870
25 Crop Production 195
26 Dairy/Poultry/Piggery/Goatary 5220
27 Rural Godown 48
28 Production & Marketing of Bio-Control 

Agents
18

29 Agriculture Journalism 16
30 Sericulture 49
31 Mushroom Cultivation 97
32 Apiary 100
33 Total 20,449

Publication of Agripreneur e-Bulletin:
In order to reach large number of stakeholders 
in cost effective manner, MANAGE has published 
12 issues of Agripreneur, monthly      e-Bulletin 
and circulated to18,091 readers across the globe. 
E-bulletin is translated to Hindi and published as 
Krishi Udyami.  All the bulletins are available in 
www.agriclinics.net. 

Result Demonstration conducted by Shri Basaveshwar Souhardha 
Sahakari Niyamita, Hubli”, under guidance of Shri. Chinnappa 

Zalaki, Agripreneur, Hubli, Karnataka

Dedicated website for Agripreneurs
 Dedicated website www.agriclinics.net is updated 
regularly by MANAGE for the benefit of all 
stakeholders of the scheme.  The website provides 
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real time data on Agripreneurs trained, established, 
state and district wise categorization, pending 
projects, bulletins, success stories of Agripreneurs 
and Videos, latest government orders and all 
scheme related information to stakeholders. 

Toll-free Helpline for Agripreneurs
 In order to enhance the quality of services provided 
to all stakeholders of the AC&ABC Scheme, MANAGE 
and to take feedback from all Stakeholders, launched 
a toll-free helpline 1800-425-1556 in October, 2013. 

Hon’ble Shri. Radha Mohan Singh, Union Minister of Agriculture & 
Farmers Welfare, Govt. of India and Shri. Narendra Bhooshan IAS, 

Joint Secretary (Agril. Extn.), GoI interacting with Agripreneur 

The helpline assists the callers on information 
relating to:

yy NTIs offering AC&ABC training in their State

yy Eligibility criteria to undergo training under the 
Scheme

yy Loans and subsidy

yy Refresher Training Programmes
The Call Centre also receives feedback/suggestions 
on training and handholding, and updates the 
status of Agri-ventures and the contact details of 
Agripreneurs. 

Refresher Training Programs in National 
Institutes
During 2015-16, MANAGE organized 20 Refresher 
Training Programs covering 513 established 
Agripreneurs all over the country. The programs 
were conducted at National Institute of Rural 
Development & Panchayat Raj (NIRDPR), Hyderabad, 
National Institute of Plant Health Management 
(NIPHM), Hyderabad, State Bank Institute of Rural 
Development (SBIRD), Hyderabad, National Dairy 
Research Institute, Karnal, Extension Education 
Institute (EEI), Jorhat and Deep Narayan Singh 
Regional Institute of Cooperative Management 

(DNSRICM), Patna.  The training focused mainly on 
specific sector besides, sensitization on the revised 
AC&ABC guidelines, business networking among 
Agripreneurs and preparation of bankable projects 
for new / diversified / enhanced business activities 
of Agripreneurs.

Participation in India International Trade Fair 
(IITF) 
Ten Agripreneurs, from seven states facilitated by 
MANAGE and the Ministry of Agriculture & Farmers 
Welfare, participated in the IITF held during        14-
27th November, 2015 at New Delhi, for creating 
awareness among various stakeholders about the 
potential of Agri-Entrepreneurship and its role in 
agricultural development.

Participation in krishi Unnati -2015
Five Agripreneurs, from four states facilitated by 
MANAGE and the Ministry of Agriculture & Farmers 
Welfare, participated in the Krishi Unnati-2015 held 
at New Delhi.
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Honors for Agripreneurs
 Outstanding Agripreneurs honoured 
during the year 2015-16 for their contribution to 
Agricultural Extension

Smt. V. Usha Rani IAS, Director General, Dr. P. Chandra Shekara, 
Director (Agril. Extn), MANAGE   with Agripreneurs in AC&ABC stall, 

Krishi Unniti-2015, New Delhi
Shri. Sangappa Sankanagowda, Karnataka, an Agripreneur was 

felicitatedby the Federation of Karnataka Chamber of Commerce 
and Industry (FKCCI), he won the first prize of Rs.1.5 Lakhin Green 
summit 2014 for designing and manufacturing of Solar Sprayer

Shri S. M. Dhanad, Agripreneur, Jalgaon, Maharashtra, honored 
with Maharashtra Bhushan Award

Mr. Rahul Belsare, Agripreneur, Amravati, Maharashtra honored 
with Yuva Krishi Award of Maharashtra State

Smt. M. Saritha Reddy, Hyderabad, Agripreneur honored with Best 
Women Entrepreneur of Telangana State

MS Swaminathan Foundation, Chennai, Tamil Nadu recognized 
Shri Virendra Singh, Agripreneur, Bareli, Uttar Pradesh and 

awarded him with a title “Torch Bearer of the Rural Knowledge 
Revolution”. Jamsetji Tata National Virtual Academy also honored 

him with a fellowship for his invaluable services.
Linkages with ATMA: The Scheme is linked with 
Agricultural Technology Management Agencies 
(ATMAs) constituted by States under the Scheme 
“Support to State Extension Programmes for 
Extension Reforms”. The Extension Reforms Scheme 
mandates that minimum 10% of resources on 
extension activities are to be utilized through the 
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non-governmental sector, which also includes 
Agripreneurs. ATMAs would be encouraged 
to implement extension activities through 
Agripreneurs.  The ventures could also be utilized to 
provide input services like plant saplings, seeds, and 
micronutrients under on-going flagship schemes 
implemented by the Department. Special emphasis 
will be made to review the progress of involvement 
of the Agripreneurs in ATMA activities on half-yearly 
basis by State Nodal Officer, GoI and MANAGE.  
ATMAs shall also strive to achieve establishment 
of at least one agri-clinic every year in each Block 

depending on the availability of trained candidates 
under the Scheme. The Monthly Progress Report 
being submitted through EMS under ATMA scheme 
shall necessarily have a provision for reporting the 
progress achieved on this front.

Impact of Agri startups on farmers: Several 
studies conducted indicated that Agripreneurs 
impacted farmers yield by 17.4% and income by 
28.8%.  On an average, each Agripreneur created 
employment for other 6 persons.  On an average, 
each Agripreneur invested around Rs.4 lakhs as Self-
finance for establishment of Agri-venture.  
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Development & Growth of any society depends 
upon presence of 3 category of people viz Experts, 
who provide new knowledge and encourage 
innovations, Practitioner, who hand hold learners 
initially to train them and impart necessary skills 
and Technicians, who actually are skilled to do the 
job efficiently. Such category of people are needed 
in all sectors for its growth. 

of Smart Krishi. Tata Chemicals are engaged in 
manufacturing and marketing of fertilizers and 
other agri inputs on a large scale in North and East 
India. Entire range of agri inputs such as seeds, 
fertilizers, pesticides, speciality fertilizers, organic 
fertilizers etcare  offered through Single Stop Shop 
called Tata KisanSansar (TKS).Besides, innovative 
agri services like Contract farming, Mobile Kheti, 
Soil Testing, Farmers training etc are also provided 
to farmers through the network of Tata Kisansansar. 
Currently, more than 820 TKS are in operation in 
North and East India. Agriculture sector facing acute 
shortage of skilled labour post implementation of 
National Rural Employment Guarantee Scheme. 
Mechanization of Agricultural operation remained 
the only option left to farmers to fill the gap of skill 
labour availability. 

Skill Development in Mechanization of Agriculture Farms

B. B . Singh, Tata chemicals Ltd, A-41,
Corenthum, Tower B, Sector 62, Noida

Looking at Agriculture sector and crop cultivation 
in particular, we realise that there are more than 
65 Agricultural Universities and many associated 
colleges who offer excellent course for graduate, 
Post graduates and Ph.Ds. More than 35,000 
students graduate every year and are absorbed 
in the system. But none of these institutions have 
provisions to impart skills to train Technicians. All 
such graduates do not possess the required skills 
to actually execute the job themselves and as result 
trainings imparted are less effective and useful to 
farmers.

Lack of skilled manpower in agriculture was realised 
hard way by Tata Chemicals in its business model 

Tata Chemicals conceptualized the model of Smart 
Krishi to offer retail of agricultural operations critical 
to crop cultivation such as:

1. Laser Levelling
2. Deep Ploughing
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3. Crop Sowing
4. Crop Nutrition
5. Crop Protection
6. Crop Harvesting

Above operations made available through the 
network of TKS to farmers on retail basis. Farmers 
approached TKS to book their requirement in 
advance in order to avail it in time. TKS invested 
and acquired the required farm machines such 
as Laser Leveller, Sub soiler, Seed cum fertilizer 
drill, Sprayers, Combine harvester etc to deliver 
the timely operations at farmers field. The biggest 
challenge faced by TKS in delivery of above services 
was lack of availability of trained /skilled manpower. 
Trained operators for machine were called from 
Punjab at high cost to deliver services. As a result 

Jaipur were roped in to certify the skills. Small token 
fee was taken from students to inculcate seriousness 
in participation. 

First batch of 20 students were certified in Sept 
2012. Certificates were provided to students as farm 
Technicians. More than 10 students post certification 
opted to become entrepreneurs instead of seeking 
jobs. Remaining were placed with TKSs on contract 
basis. 

Farm Technicians , trained thus not only provided 
the services in time but also improved its quality. 
Farmers recognised the value of services provided 
by Farm technicians and compared the same with 
others. Farmers are well satisfied with the quality 
and timeliness of delivery of above services. TKS 

cost of service became uneconomical to farmers 
and also non profitable to TKS.

Need for building Skills was realised by Tata 
Chemicals and TKS as high investment in farm 
machines were at stake. Un employed youths in 
villages were targeted for skill building. Course 
curriculum for farm Technician was thus evolved. A 
copy of the is attached at the end of this paper. Based 
on experiential understanding course is designed 
for 1 full year where 2 months of class room learnings 
and 10 months of On the Job learning is provided. 
National Institute of Agribusiness Management , 
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realised the benefits in terms of availability of Farm 
technicians in local villages at affordable cost.More 
TKS s invested in farm machines and added the 
services along with their existing business of agri 
inputs. Farm machine services generated footfalls 
and complimented the sales of agri inputs. Now 

farmers could depend upon TKS on availability of 
agri inputs and also the services. They no longer 
have to approach local entrepreneurs to avail 
services provided by operators with limited skills. 
Photograph of First batch of Farm Technician given 
below:

Course Curriculum for Farm Technician
SYLLABUS FOR AGRICULTURE

UNIT - 1 Introduction:

yy Demand & achievement in food grain production in India since independence.

yy Emerging scenario in agriculture- migration of rural population, MGREGA, Loan waiver, 
Consolidation of land holding by leasing, etc

yy Sustainable crop production, commercialization of agriculture and its scope in India.

yy Classification of field crops based on their utility-cereals, pulses, oils seeds, fiber, sugar and forage 
crops.

UNIT - 2 Soil, Soil fertility, Fertilizers and Manures:  

yy Soil, Soil Types,  soil pH, Soil texture, soil structure, soil organisms, soil tilth, soil fertility and soil 
health

yy Essential plant nutrients, their functions and deficiency symptoms

yy Type of fertilizer,, common fertilizers including straight, complex, fertilizer mixtures and 
biofertilizers; integrated nutrient management system

UNIT - 3 Irrigation and Drainage

yy Water requirement of crops.

yy Scheduling of imagination based on critical stages of growth, time interval, soil moisture

yy Methods of irrigation and drainage

UNIT - 4 Weed Management 

yy Weed & its control 
a)   Cultural                      C. Chemical
b)   Mechanical                D. Biological and Integrated weed management

UNIT - 5 Cultivation practices: Paddy

yy Nursery preparation

yy Seed treatment & Seed rate

yy Method of transplanting  

yy Water requirement & Irrigation

yy Crop nutrition & its application

yy Interculture and weed control

yy common pests and diseases 

UNIT - 6 Cultivation practices: Wheat

yy Seed rate 

yy Seed treatment

yy Method of planting

yy Crop nutrition & its application

yy Irrigation

yy Interculture and weed control

yy common pests and diseases
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UNIT - 7 Cultivation practices: Wheat

yy Seed rate 

yy Seed treatment

yy Method of sowing

yy Crop nutrition & its application

yy Irrigation

yy Interculture and weed control

yy common pests and diseases

UNIT - 8 Cultivation practices: Sugarcane

yy Seed rate 

yy Seed treatment

yy Method of Planting

yy Crop nutrition & its application

yy Irrigation

yy Interculture and weed control

yy common pests and diseases

UNIT - 9 Cultivation practices: Maize & Mustard

yy Seed rate 

yy Seed treatment

yy Method of Sowing

yy Crop nutrition & its application

yy Irrigation

yy Interculture and weed control

yy common pests and diseases

UNIT - 10 Cultivation practices: Major Pulses

yy Seed rate 

yy Seed treatment

yy Method of Sowing

yy Crop nutrition & its application

yy Irrigation

yy Interculture and weed control

yy common pests and diseases

Syllabus for Farm Machinary

Unit - 1 Introduction:

yy Importance of farm machinery in the advancement of Agriculture technology in the country.

yy Types of Farm machineries

Unit - 2 Tractor:

yy Types & systems of tractor 

yy Types of engine, working & its component

yy Types of system used in engine

yy Type of tillage & their operation

yy Method of field operations

yy Recommended speeds for operations

yy Care & Maintenance
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UNIT - 3 Cultivator & Harrow

yy Types of cultivator  & Harrow

yy Construction detail & uses

yy Setting & Adjustments 

yy Field Operations & adjustments

yy Care & Maintenance

UNIT - 4 Seeding Machines:

yy Type of Wheat Seed drill

yy Type of Potato Planter

yy Type of Sugarcane Planter

yy Type of Paddy transplanter

yy Field Operations

yy Care & Maintenance

UNIT - 5 Sprayer:

yy Types of sprayer & Duster

yy Calibrations

yy Method of operation

yy Care & Maintenance

UNIT – 6 Straw Reaper:

yy Type of reaper & straw reaper

yy Constructional detail & functions

yy Field Operation

yy Care & Maintenance

UNIT - 7 Combine

yy Advantage & Limitations of Combine

yy Types of combine

yy Types of thresher used in combine

yy Adjustment of combine for different crops

yy Method of field operations

yy Precautions while operating in the field

yy Common accidents  & their prevention

UNIT - 8 Digger

yy Need & Importance of root harvesting machine

yy Types & working of Diggers

yy Component of digger

yy Care & Maintenance

UNIT - 9 Sub-Soiler

yy Need & Importance of Sub Soiling

yy Functions & Working of Sub soiler

yy Constructional Details

yy Care & Maintenance

UNIT – 10 Land Laser Leveler

yy Need & Importance of Laser leveling

yy Functions & Working of Land laser Leveler

yy Constructional Details

yy Care & Maintenance
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Operation – Window

Month 
-Calander

Nutrient 
spray

plant 
protection 

spray

Rotavator/ 
Harrow

Seeding 
Machines

Harvesting/ 
Digging Reaper Laser 

Leveling
Sub 

soiling

Sep 2nd Paddy Paddy            

Oct 1st Paddy Paddy Potato          

Oct 2nd   Paddy Potato Potato Paddy      

Nov 1st   Potato Wheat Wheat Paddy      

Nov 2nd Potato Potato Wheat Wheat Paddy      

Dec  1st Potato Wheat & 
Potato            

Dec 2nd Potato Wheat & 
Potato            

Jan 1st 
Potato & 

Wheat              

Jan 2nd Wheat              

Feb 1st wheat       Potato      

Feb 2nd         Potato      

Mar 1st         Potato      

Mar 2nd         Potato      

Apr 1st         Wheat Wheat    

Apr 2nd         Wheat Wheat    

May 1st           Wheat    

May 2nd                

June 1st                

June 2nd     Paddy Paddy        

July  1st     Paddy Paddy        

July 2nd     Paddy Paddy        

Aug 1st Paddy Paddy            

Aug 2nd Paddy Paddy            

Sep  1st Paddy Paddy            
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Introduction
Cotton fabric alone accounts for fully half of the 
fiber worn in the world. It is estimated that the world 
demand for all fibres is expected to rise in volume 
terms from 74 million tones in 2010 to 95 million 
tonnes in 2020. Cotton is an important commercial 
crop of India, having 11.7 Mha cultivated area which 
is largest in the world. India is the largest producer 
of cotton in the world but yield is much less as 
compared to the world average yield. The average 
yield of cotton is only 540 kg/ha as compared 
to 2151 kg/ha in Australia as against the World 
average of 766 kg/ha. Due to impending scarcity 
of labour, mechanization of cotton harvesting is 
considered to be of vital importance. But, there are 
some reasons due to which cotton harvesters are 
not popular in India.  Cotton varieties grown in India 
are determinate and bushy type. The holdings are 
small and fragmented.  High initial cost of cotton 
pickers and their higher capacity, made their use 
uneconomical or impossible for small or medium-
size farms. Keeping all these factors in view, a tractor 
operated cotton stripper has beendeveloped 

collaboration with PAU, Ludhiana, Mahindra 
Applitrac, Mohali, and CICR, Nagpur. 

Brief Description of the Machine
The tractor operated cotton stripper is mounted 
on Swaraj 855 tractor (55 hp). This cotton stripper 
having four major assemblynamesare header unit, 
feeder unit, cleaning unit and storage unit.Header 
unit is three row finger type with reel and conveying 
auger unit. The designed cotton header works on 
the principle that when the header move through 
the cotton field due to its forward motion, inclined 
fingers will strip the cotton bolls with burs including 
green bolls, sticks and leaves from the plants and 
rest of the plant is remain in its position in the field. 
Cotton bolls with shells/burs are stripped from the 
plants with the help of a series of stationery inclined 
fingers having a narrow gap among the fingers. The 
stripped materials moved upward to the inclined 
fingers with the force of next group of plants being 
stripped. A reel/paddle/kicker mounted at the rear-
side of the fingers is help to convey the stripped 
materials to the conveying auger. The materials 
are conveyed through feederto cleaner unit. Here, 
burs including green bolls, sticks and leaves were 
removed with the help of cleaner. After cleaning, 
seed cotton store in to the storage tank. 

Field Performance of the Machine
The picking efficiency of the machine is between 
90-95%. The ground and stalk loss of machine is 
0-10%. The field capacity of machine is 0.5-1.0 ha/h. 
The trash content is 20-25% (on seed cotton basis) 
observed. The rest of trash content would be clean 
at ginnery who equipped with pre-cleaner.   

Design and Development of Tractor  
Operated Cotton Stripper

Pramod Mishra*, Manjeet Singh*, BiswaMandal**, G Majumdar*** and Karun Sharma*
*Department of Farm Machinery and Power Engineering, Punjab Agricultural University (PAU), Ludhiana, 

Punjab, ** Mahindra Applitrac, Mohali, Punjab,   
*** Central Institute of Cotton Research (CICR), Nagpur, Maharashtra

Fig. : Operational view of tractor operated cotton stripper
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Introduction
Weeding is the removal of unwanted plants in the 
field crops. Mechanical weed control is very effective 
as it helps to reduce drudgery involved in manual 
weeding, it kills the weeds and also keeps the soil 
surface loose ensuring soil aeration and water 
intake capacity. (Olaoye, J. O. and T. A. Adekanye) 

 Weeding and tlling is generally done 15 to 20 days 
after sowing. The weed should be controlled and 
eliminated at their early stage. Depending upon the 
weed density, 20 to 30 per cent loss in grain yield 
is quite usual which might increase up to 80 per 
cent if adequate crop management practice is not 
observed. Rice and groundnut are very sensitive to 
weed. Competition in the early stage of growth and 
failure to control weeds in the first three weeks after 
seeding, reduce the yield by 50 per cent. (Rajashekar 
M*and Dr. S. Mohan Kumar)

Weeding is an important but equally labour 
intensive agricultural unit operation. There is an 
increasing interest in the use of mechanical intra-row 
weeders because of concern over environmental 
degradation and a growing demand for organically 
produced food. Today the agricultural sector 
requires non-chemical weed control that ensures 
food safety. Consumers demand high quality food 
products and pay special attention to food safety. 
Through the technical development of mechanisms 
for physical weed control, such as precise inter-
and intra-row weeders, it might be possible to 
control weeds in a way that meets consumer 
and environmental demands. These mechanisms 
contribute significantly to safe food production. 
(Olaoye, J. O. and T. A. Adekanye) 

Presently there are many types of weeders available 
from simple to complex and motorized weeders. 
Several innovative and cost effective designs were 
developed and experimented according to the 
requirements of the farmers and soil conditions. 
Efforts are still on to reduce the drudgery in 
weeding operation. (Thiyagarajan, et. al, 2006). 
Manual operated weeders implies the more stress 
on operators because of its operation (to and pro 
movement) of the weeder. Motorized weeders are 
also available in the market but in view of the cost 
and other product related issues farmers are not 
interested to purchase. As per NIOSH, (National 
Institute for Occupational and Safety Health) the 
recommended weight limit was 22 kg’s. Keeping 
the above points in view, the present study 
was undertaken with the objectives to develop 
the knapsack roto weeder and to evaluate the 
performance of the knapsack roto weeder.

Yadav et. al., 2013, conducted experiment to evaluate 
the efficiency and effect of paddy weeder on the 
yield and economics of rice crop and reported that 
the maximum grain yield of 41 q/ha were recorded 
in treatment 2 wherein weeding was done with 
Japanese weeder followed by three treatment these 
which weeding was done with cono weeder (34q/
ha). The least grain yield of 20.5q/ha was recorded 
under farmer’s practice in which hand weeding 
was done. In terms of energy efficiencies, cost to 
benefit ratio noticed, and higher grain yield output, 
weeding with Japanese weeder was considered to 
be successful on farm trial followed by weeding 
with cono weeder.

Development of Knapsack Motorized Roto  
Weeder Cum Tiller

Dr. C. RAMANA, Associate Dean and University Head(FMP)
College of Agricultural Engineering, MADAKASIRA 

ramana1963@rediffmail.com (9440914961)ANGRAU, Andhra Pradesh
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Development of Knapsack weeder cum tiller:
Advent of mechanization measures brought 
number of new machines in to the Indian farms to 
mechanize agricultural operations. In this process 
efficient tractor drawn implements for major 
energy consuming operations like field preparation, 
sowing/ transplanting, plant protection and 
harvesting were successfully introduced and well 
accepted by the Indian farmer. But, mechanization 
of intercultural operations like weeding, tilling  were 
not completely mechanized mainly due to area 
specific crop specific operations are different and 
cannot be resolved through imported or available 
machinery. 

Presently there are many types of weeders available 
from simple to complex and motorized weeders. 
Several innovative and cost effective designs were 
developed and experimented according to the 
requirements of the farmers and soil conditions. 
Efforts are still on to reduce the drudgery and 
wetand weeding operation (Thiyagarajan, et. al, 
2006). Manual operated weeders implies the more 
stress on operators because of its operation (to and 
fro movement) of the weeder. Motorized weeders 
are also available in the market but very costly and 
repairs and maintenance &other product related 
issues. But this weeding and tilling operation is 
labour intensive and have direct impact on  yields 
of operation.

Knapsack weeder cum tiller: weeding and tilling 
is an essential and important operation in any 
crop production system for avoiding moisture and 
nutrient competition. It also helps in improving 
aeration in root zone and makes plant to breathe 
better for improved nourishment and yield. But 
improved cost of operations reduced agricultural 
work force in farms, making the farmer to skip the 
operation. To overcome the difficulty motorized 
“knapsack weeder cum tiller” was developed 
at Regional Agricultural research Station, 
ANGRAU,TIRUPATI, AP.

Construction:  Knapsack weeder cum tiller consists 
of

 i. Prime mover ii. Power transmission cable and iii. 
Soil tilling blades

i. Prime mover: is a petrol operated 2stroke 
engine of 1.25HP power. The drive was through 
centrifugal clutch assembly mounted as integral 
part of the engine. Entire prime mover is mounted 
on a frame and arranged with shoulder fastening 
belts. The frame also provided with rubber cushion 
for operational comfort and designed to suit back 
caricature of average Indian male subject. 

ii. Power transmission cable: Rotary power of 
the prime mover was transmitted through flexible 
rubber sleeved cable to the stem portion of the unit. 
This stem is designed with special aluminum alloy 
for minimizing weight on fore arm and to house 
accelerating knob and gear box at bottom. The gear 
box is designed to reduce speed of final drive to 300-
700 rpm. Provision was made to attach two tilling 
blade either side of the gearbox for manipulating 
soil. The gear box width is used for covering crop in 
row.

iii. Soil tilling blades: Majorly two types of blades 
are designed for wet land and dry land weeding 
and tilling. The width of the blades are adjustable 
to suit row spacing of 15 cm to 25cm for two row 
tilling or can be used up to 40cm single row. When 
the machine used for single row special blade 
arrangement was used to over the crop at middle 
portion of the tilling unit.

Operation: The developed motorized knapsack 
weeder cum tiller can be used efficiently in the wet 
land tilling specially for machine transplanted rice 
crop(which has of 30 cm inter row spacing)or drum 
seeder planted field (of 20-25 cm row spacing). In 
dry weeding the tilling unit is adjustable (10cm to 
20cm) to suit 15-30 cm row spaced crop.

Efficiency: The area covered and efficiencies of 
different trials were depicted as below

Trial no Average 
Time

Type of weeding Width of operation Area covered Efficieny

1. 2h 48m ID- geoundnut 30+30 =60cm One acre 81.67%

2. 3h 26m Wet paddy 30+30 =60cm One acre 91.82%

3.` 3h 48m Wet paddy 20+20=40cm One are 84.89%
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Dimensions of knapsack Roto weeder
Weight of the implement: Engine weight =5.90kg

Roto weeder weight (Without engine) =6.80 kg

Weight of Roto weeder= 12.70 kg which is well below 
the recommended carrying weight of 22(National 
Institute for Occupational and Safety Health weight 
limit was 22 kg) average Indian subject.

Overall frame height = 44 cm

  Length =30cm

   Width = 25 cm

Length of flexible shaft =90 cm, diameter=2.0 cm 

Length of right hand grip =15cm

Distance from right handle grip to left handle 
grip=20cm

Length of rigid shaft = 107cm, diameter=3.0cm

Length of gear box=13cm

  Width = 15cm

  Height= 10cm

Diameter of weeding wheel (the part which is 
interacted with soil) =25 cm

  Width of wheel= 15 cm
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Name of crops in which this machine can be 
used  
Aerobic Rice (Direct Seeded Paddy),Wheat, Maize, 
Moong, Mash, Fodder Maize, Linseed, , Oats, Peas, 
Gram etc

Rice-Wheat cropping system is major cropping 
system in Punjab state with cropping intensity of 
200 percent. Rice and wheat occupies 35 and 28 lakh 
hectare respectively in their respective Kharif and 
Rabi seasons. Although bountiful grains yields were 
produced from these crops that contributed to the 
nations’ Food Security. Along with this enormous 
crop residues were also produced from these two 
crops that are 22 and 14 million tons residues of rice 
and wheat respectively. There is not any major issue 
of wheat residues, because good quality of straw is 
usually made from wheat remains that are relished 
by cattle when fed as mixtures with green fodders 
and other feed materials. But       problem of paddy 
residues is big one due to following reasons:-

1. Very less turn over time between paddy 
harvesting and wheat seeding.

2. High content of silica/silicon makes paddy 
resides unfit for cattle consumption.

3. High Silica content is also results in more wear 
and tear of machinery.

4. High moisture content in paddy residue 
especially in standing paddy stubbles after grain 
harvesting adds more load to straw.

5. Heavy and costly machinery and lesser field 
capacity and more number of operations are 

not economically viable.
6. Broader C:N ratio results in temporary nutrient 

lock up when residues are mixed within soil, so 
standing crops experiences nutrient deficiency. 

So due to these practical problems farmers usually 
prefer to burn paddy residues in their fields after 
stubble shaving (to make them dry) and till their 
field for timely seeding of wheat crop.

Amongst these 60-70 percent of wheat residues are 
converted to straw by straw reapers and threshers 
available in state and remaining were burnt, here 
is not an end, but beyond this inverse occurs in 
case of paddy, where 80 percent residues were 
burnt annually, and contributes to air pollution 
by emitting GHGs (given below), deteriorates soil 
health by losing enormous nutrients reduces soil 
fauna etc,. 

POLLUTION  METER
Paddy burning in Punjab releases in air:
Carbon mono dioxide:  261 Giga gram (Gg)
Nitrogen oxide:  19.8 Gg
(1 Gg=1,000 Mega gram)

Soilnutrientloss
(From burning paddy straw in Punjab) 
Organic carbon  3.85 million tonne 
Nitrogen  59,000 million tonne 
Phosphorus  20,000 million tonne 
Potassium  34,000 million tone
Source:The Tribune, November 15, 2012

Happy Seeder with Press Wheel Attachment for Seeding 
and Simultaneous Mulch Application in Different Crops 

(Novel Innovation and Worlds First)  
(Modified Happy Seeder)

Jasvir Singh Gill, Asst Agronomist Deptt of FM&PE,PAU,Ludhiana
Dr. Gursahib Singh, Deptt of FM&PE,PAU,Ludhiana
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This new technology has potential to save nutrients 
of millions of rupees by saving synthetic nutrients 
directly and indirectly save Government revenue 
that is usually spent on the subsidies of fertilizers. 
Moreover this technology will reduce environmental 
pollution by curtailing emission of Green House 
Gases those are emitted from burning of paddy/
crop residues. 

To overcome these problems Happy Seeder 
machine was recommended in 2006-07 for wheat 
sowing in standing paddy stubbles in combine 
harvested fields. But in this technology, there is less 
then partial mulch because this machine only cleans 
an area before the seeding tines by chopping and 
wheat is almost relay seeded in standing stubbles. 
There is still lesser acceptability of this technology 
amongst the farmers due to following reasons. 

1. Standing stubbles causes evident shading 
effect on growing wheat crop/plants (picture 
2) that results into sluggish plant growth, as 
plants growing in shade receives lesser sunlight 
and accumulates lesser biomass (Table 1)that 
ultimately results poor grain yield. 

2. Farmers’ acceptability is lesser towards the 
existing happy seeder technology (Picture 2) as 
they want clean fields with no standing stubbles 
with uniform emergence and growth of crop. 

3. Some farmers also report that in present happy 
seeder technique stubbles remains standing 
up to the harvest of main crop that impairs the 
quality of wheat straw when reaped in by straw 
reaper.

4. Standing stubble are less liable for decomposition 
as they are not in thorough contact of soil and 
fertilizers.

5. In present Happy Seeder Technique sizeable 
area of soil remains naked, from where weeds 
emerge. In other words there is a lack of 
complete mulch. 

6. Moreover in present Happy Seeder technology 
uniform spreading of loose straw is required but 

in new modified machine uniform spreading is 
not required

Description of Machine/Technology: The existing 
Happy Seeder machine was modified by attaching 
Press-Wheel Attachment (Fig: 1). Each press wheel 
attached between two adjacent furrows openers/
tines which presses the chopped straw thrown 
by the falels of Happy Seeder just in between the 
furrows openers, which form thick uniform mulch 
in inter row spaces in pressed form (Stationery view 
of machines is depicted in Fig 1). Rotating press 
wheels does not allow straw to plug or drop on 
furrows where seeds are seeds that facilitates the 
better crop emergence. Due to this principle initial 
growth and development of crop is very good. Thick 
and thorough mulch cover also helps in reducing 
density and diversity of weed flora significantly.  

Methodology
This machine was evaluated at Kapurthala and at 
Ludhiana.

Result
The data depicted in Table 1, shows that at 40 days 
after sowing, there is 33 and 16 percent lesser 
biomass accumulation, where wheat plants are 
shaded from both East-Western and only western 
sides, respectively as compared to plants those are 
not a victim of shading effect of paddy stubbles from 
any side at village Dariawal. At the same location 
tillering behavior of crop showed similar effect as 
exposed plants produced 174 and 51 percent more 
tillers per meter row length then the plants that 
are shaded from E-W both sides and Western side, 
respectively. Similar results were found at Ludhiana 
during present growing season (Data depicted in 
Table 2.

In table 3, yield advantage of fifteen percent was 
noticed where wheat was seeded with Happy Seeder 
with Press Wheel Technology  after stubble shaving 

Table 1: Quantity of nutrients available per ton of paddy residues (per ton)

Nutrient Quantity 
available (kg) 

In fertilizer 
equivalents 

Lost by burning 
(%) 

Net losses  in terms of fertilizers (kg/
ha) 

Nitrogen 5.5 13 kg Urea 80 56 urea 

Phosphorous 2.2 5 kg DAP 25 7.5 DAP 

Potash 25 42 kg MOP 20 44 MOP 

Sulphur 1.2 10 kg SSP 50 25 SSP 

Sidhuet al
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with high clearance stubble shaver over treatment 
where crop was planted with Conventional Happy 
Seeder in standing paddy stubbles  (48.4q/ha). 
There was also significant difference between yield 
accrued in treatment where wheat was planted with 
existing Happy Seeder after stubble shaving with 
high clearance stubble shaver (52.4q/ha) and yield 
that was accrued in treatment where wheat was 
sown in standing paddy stubbles with conventional 
Happy Seeder (48.4q/ha). Statistically similar yield 
was witnessed in treatments, where wheat was 
planted existing Happy Seeder (48.4q/ha) and 
conventional planting methods (51.1q/ha).

Table 4: Amongst the two sites in P.A.U., Campus, 
data from ongoing trials near Gate no 4 apropos the 
growth attributes of wheat (var PBW 677) planted 
with conservative and convention planting systems 
revealed that wheat planted with modified version 
of Happy Seeder (with Press Wheel Attachment) 
after stubble shaving produced significantly 
higher number of tillers per meter row length 
(86), followed by the crop which was planted with 
existing Happy Seeder machine after stubble 
shaving. All other treatments remained at par with 
respect to the production of tillers per meter row 
length. Similar trend was observed in the behavior 
of biomass accumulation at 50 DAS on fresh 
weight basis.

Table 5: As quoted above, similar trend was observed 
in tiller production and biomass accumulation at 40 
DAS in another trial being in progress adjacent to 
the Department of Economics and Sociology, P.A.U., 
Campus at Ludhiana. As on an average 58.3 tillers 
per meter row length was counted in treatments 
where wheat was planted with Happy Seeder fitted 
with Press Wheel Attachment after stubble shaving 
followed by treatment where wheat was planted 
with existing Happy Seeder after stubble shaving 
where 43.8 tillers were produced per meter row 
length. All other treatments remained at lower side 
but at par with each other, but significantly lowest 
tiller production per meter row length (19.1) was 
noted in treatments where crop was planted with 
existing Happy Seeder machine. Similar pattern was 
observed in biomass accumulation per meter row 
length.    

Table 6: Time and fuel consumption is another 
important factor that shows the economic and 
practical viability of the machine. Overall fuel 
consumption is for both operations in new 
technology (Stubble shaver fb followed by Happy 
Seeder With Press Wheel Attachment) is 25.1 liters 
per hectare, which is 1.4 l/ha more than existing 
Happy Seeder technology (mechanized loose straw 
spreading) which consumes 23.7 liters fuel per 
hectare.  

Table 7-9: Weed dynamics: At both locations at 
Kapurthala and at Ludhiana, density and diversity 
of weeds was highly varied amongst different 
tillage/seeding treatments. Data depicted in Table 7, 
clearly shows that Phalaris minor (most problematic 
grassy weed in wheat) was lowest nearly negligible 
in treatments where wheat was planted with Happy 
Seeder after stubble shaving,  followed by treatment 
in which seeding was done with existing Happy 
Seeder. Higher P minor population (15.7 m-1) was 
observed in treatments where wheat was planted 
by zero till drill after straw removal and highest 
population (30 m-1) was observed in plots those 
are tilled and planted conventionally. Overall weed 
population at Kapurthala and at Ludhiana showed 
similar (Tables 8 & 9)

Recommendation done by Punjab Agricultural 
University during January, 2016.

Proposed recommendation :
Use Happy Seeder fitted with Press Wheel 
Attachmentfor sowing of wheat after cutting and 
spreading of standing stubbles left in field with 
stubble shaver, with following considerations.

The optimum depth of seeding should be between 3.5 
to 5.0 cm.

Likely Impact of Recommendation
This technology will facilitate better germination, 
emergence and vigorous initial crop establishment 
due to the profuse tillering and better biomass 
accumulation that promotes the adoptability 
of Happy Seeder Technique by the farmers. This 
technology also promoted better nutrient recycling 
due to their better and uniform decomposition that 
discourages the paddy residue burning practices.
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Figure 1 : Stationery View of Machine
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Picture 2: OLDMACHINE evident shading effect of standing paddy stubbles 
on growing wheat crop plants

Picture 3: NEW MACHINE: Leaving no standing stubble results in complete  
mulching keeping all the residues in inter-row area
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Table 1: Shading effects of standing paddy stubbles on the growth of wheat (var PBW 621)  
at 40 DAS at Village Dariawal district Kapurthala during Rabi 2011-12. 

Treatments Plant height (cm) No of tillers per meter row length Biomass accumulation (t/
ha) on dry weight basis

Main plots: Shading effects

Shading from both sides in North 
South rows

26.5 15.0 0.37

Shading effect from western side 
only

29.8 27.2 0.47 

Without any shading effect 34.1 41.2 0.56

CD (p=0.05) 0.7 10.6 0.02

DOS: 12/11/2011, Variety: PBW 621, Paddy variety harvested: 

Table 2: Shading effects of standing paddy stubbles on the growth of wheat  
(var PBW 621) at 40 DAS at Ludhiana during Rabi 2015-16.

Treatments Plant height (cm) No of tillers per meter 
row length

Biomass accumulation (t/
ha) on dry weight basis

Main plots: Shading effects

Old Machine (Shading from both 
sides in North South rows)

26.6 23.4     0.43

Old Machine (Shading effect 
from western side only

30.2 31.5    0.61

(New Machine) Without any 
shading effect

33.2 43.2 0.67

CD (p=0.05) 0.9 6.7 0.03

Sub plots: Types of Happy Seeders

Happy Seeder 
(Old Machine)

30.3 19.4      0.41

Happy Seeder With Press Wheel 
Technology 
(New Machine) 

26.5 35.5 0.57

CD (p=0.05) NS 4.3 0.02

DOS: 19/11/2015, Variety: PBW 677, Paddy Variety harvested: PR 121

Table 3: Yield and yield attributes of wheat planted under different conservation  
tillage methods at Kapurthala during Rabi 2012-13. 

Treatments Plant height 
(cm)

Effective tillers 
per meter row 

length

Number 
of tillers 

per plant

Ear 
length 

(cm)

No of 
grains 
per ear

Grain 
yield (q/

ha)

Stubble Shaver fb Happy Seeder with 
Press Wheel Technology 

106.7     163.3      8.0      16.3      58.0     55.8

Stubble Shaver fb Happy Seeder 105.7      144.7     6.3      15.7      60.0      52.4

Happy Seeder with Press Wheel 
Technology

104.4      120.1     5.7      15.0      55.7      51.9

Happy Seeder (Old Machine) 102.7     104.2      4.0    15.3      49.7      48.4

Conventional tillage 102.7 113.3 5.3 15.7 59.0 51.1

CD (p-0.05) NS 17.3 1.5 NS NS 3.3

DOS: 15/11/2012, Variety: HD 2967, Straw Load: 8t 
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Table 4: Growth attributes at 50 DAS under different tillage and seeding operations in  
wheat   (PBW 677) at Ludhiana during Rabi 2015-16.

Treatments Plant height 
(cm)

No of tillers 
per meter row 
length

Biomass accumu- lation on 
fresh weight basis (t/ha)

Happy Seeder

(Old Machine)

33.4 49.3 0.86

Happy Seeder with Press Wheel 
Technology

37.4 68.3 1.0

Straw removal fb Zero Till Drill 27.4 72.0 0.91

Chopper fb Mixing fb Zero Till Drill 29.7 65.3 0.95

Stubble shaver fbHappy Seeder with 
Press Wheel Technology

32.7 86.0 1.61

Stubble shaver fbHappy Seeder 33.4 74.0 1.32

CD (p=0.05) 5.0 11.1 0.23

DOS: 11/11/2015, Variety: PBW 677, Straw Load 7t/ha

Table 5: Growth attributes at 40 DAS under different tillage and seeding operations  
in wheat (PBW 677) at Ludhiana during Rabi 2015-16.

Treatments Plant height 
(cm)

No of tillers per meter 
row length

Biomass accumulation (t/ha) 
on fresh weight basis

Happy Seeder (Old Machine) 26.9 19.1 0.32     

Happy Seeder with Press Wheel 
Technology

29.7 31.5 0.47    

Straw removal fb Zero Till Drill 22.8 35.0 0.54      

Chopper fb Mixing fb Zero Till Drill 24.3 35.5 0.30

Stubble shaver fbHappy Seeder with 
Press Wheel Technology

34.8 58.3 0.67  

Stubble shaver fbHappy Seeder 30.8 43.8 0.50

CD (p=0.05) 4.1 8.9 0.16

DOS: 19/11/2015, Variety: PBW 677, Straw Load 8t/ha 

Table 6: Time, fuel consumption and field capacity of different machines /technologies  
meant for insitu paddy straw management. 

Sr No. Machine/Technology Capacity
(ha/h)

Fuel Consumption

(l/h) (l/ha)

1 Stubble shaver 0.9 6.6 7

2 Happy Seeder with Press Wheel Attachment 0.4 6.8 17.7

3 Cumulative/average of both above operations 6.8 25.1

4 Happy Seeder (Old Machine) 0.3 7.1 20.6

5 Loose straw spreading by stubble shaver 1.8 6.6 3.1

6 Cumulative/average of both above operations 6.9 23.7
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Table 7: Weed dynamics (at 40 DAS) in wheat (var HD 2967) planted under different  
tillage tecgniques at Kapurthala during Rabi 2012-13. 

Treatments

Weed count per meter square

Grassy weeds Broad leaf weeds

AveragePhalaris minor Rumex spp Trigonella 
polycreta

Chenopodium 
album 

Happy Seeder (Old 
Machine)

2.0
(1.7)

2.0
(1.7)

3.8
( 2.2)

0.2
( 1.1)

2.0

Stubble shaver fb Happy 
Seeder

0.1
(1.0)

0.4
(1.2)

0.2
(1.1)

0.0
(1.0)

0.2

Stubble shaver fb Happy 
Seeder with Press Wheel 
technology

0.0
(1.0)

1.6
(1.6)

0.2
(1.8)

0.2
(1.1)

0.5

Straw Removal followed 
by Zero Till Drill

15.7
(4.1)

19.7
(4.5)

11.4
(3.5)

1.3
(1.5)

12.0

Conventional Planting 30.0
(5.5)

37. 0
(6.1)

21.9
(4.8)

3.1
(2.0)

23.0

CD (p=0.05) 0.6 1.0 0.7 0.3

Statistics after sq. root Transformation,
Note: Figures within parenthesis are transformed means

Table 8: Weed dynamics at 40 DAS in wheat (Var PBW 677) planted under different tillage  
methods at Ludhiana (Location 1) during Rabi 2015-16. 

Treatments

Weed count per meter square

Rumex dentatus Trigonella 
polycreta

Chenopodium 
album 

Anagalis 
arvensis

Average

Happy Seeder (Old Machine) 3.7
(2.1)

3.7
(2.0)

2.3
(1.8)

0.0
(1.0)

2.4

Happy Seeder with Press 
Wheel Technology

6.0
(2.6)

3.7
(2.1)

0.0
(1.0)

0.3
(1.1)

2.5

Stubble shaver fb Happy 
Seeder

2.7
(1.8)

9.0
(3.1)

0.0
(1.0)

0.0
(1.0)

2.9

Stubble shaver fb Happy 
Seeder with Press Wheel 
technology

0.7
(1.2)

7.0
(2.8)

0.7
(1.2)

0.0
(1.0)

2.1

Straw Removal followed by 
Zero Till Drill

43.0
(6.6)

10.0
(3.3)

1.7
(1.6)

3.3
( 2.1)

14.5

Chopper fb incorporation  fb 
drill seeding

79.0
 (8.9)

34.0
(5.9)

2.0
(1.7)

2.3
(1.8)

29.3

CD (p=0.05) 1.1 1.1 0.4 0.4

Statistics after sq. root Transformation,      
Note: Figures within parenthesis are transformed means
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Table 9: Weed dynamics at 50 DAS in wheat (Var PBW 677) planted under different  
tillage methods at Ludhiana (Location 1) during Rabi 2015-16.

Treatments

No of Weeds per meter square

Grassy weeds Broadleaf weeds

AveragePhalaris minor Rumex spp Trigonella 
polycerata

Medicago 
denticulata

Happy Seeder 8.1
(2.7)

9.3
(2.7)

14.7
(4.0)

8.0
(2.7)

10.0

Happy Seeder with Press 
Wheel Technology

7.3
(2.9)

7.0
(2.8)

9.0
(2.9)

6.3
(2.5)

7.4

Stubble shaver fb Happy 
Seeder

1.4
(1.5)

6.4
( 2.7)

10.7
(3.4)

3.37
(2.0)

5.5

Stubble shaver fb Happy 
Seeder with Press Wheel 
Technology

1.2
(1.4)

3.4
(2.1)

9.7
(3.3)

4.3
(2.2)

4.7

Straw Removal followed by 
Zero Till Drill

16.1
(4.1)

21.4
(4.7)

41.7
(6.5)

38.2
(6.3)

29.3

C fb Dry Mixing fb SD 34.1
(5.9)

27.3
(5.3)

49.3
(7.1)

40.5
(6.4)

37.8

CD (p=0.05) 0.8 1.3 1.2 1.5
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Abstract
A mini tractor drawn multipurpose tool bar has been 
developed by Anand Agricultural University suitable 
for seed bed preparation at wapsa conditions under 
sandy loam soil of Middle Gujarat Agro-climatic zone 
in a single operation. The implement consisting of 
iron ploughs and clod crusher which is useful for 
tillage as well as clod crushing in a single pass with 
almost 50% cost of saving in seed bed preparation 
as compared to the cultivator. Therefore it is 
recommended for farmers of the region to prepare 
the seedbed by using the developed implement 

Introduction
Mini tractors are found  most suitable mechanical 
power sources for  farm operations in Panchmahal 
district for small and marginal farmer group. A low 
cost tillage implement is the need of the area to 
prepare seed bed in single operation a mini tractor 
operated multi tillage tool has been developed by 
using bullock drawn iron ploughs and a peg type 
clod crusher. 

Objectives
(1)To design a multipurpose tillage implement for 
mini-tractor.

(2)To fabricate a mini tractor drawn multipurpose 
tillage implement.

(3)To evaluate the performance of developed 
multipurpose tillage implement.

Materials and Methods

Design consideration and constructional details 
A mini tractor drown multipurpose tillage 
implement was designed and fabricated in 

Workshop, Department of Farm Machinery and 
Power Engineering, Anand Agricultural University, 
Godhra. The mini tractor drown multipurpose tillage 
implement consist of following parts as shown in 
figure.

yy Frame: Frame was made by 5 cm x 5 cm x 5 mm 
hollow square M.S. square section with sufficient 
strength to withstand various forces acting on it. 
It was used as soil working tools on it.

yy Clod breaker: A clod breaker behind the soil 
working tool was provided to break the clods 
and to develop the seed bed having fine land 
levelled tilth. It’s made of 22.86 cm diameter 
M.S. pipe. On pipe, 4x4 cm square M.S. piece 
as peg. Each peg was welded 10 cm in one row 
and row to row distance was kept as 9 cm. 2 inch 
diameter M.S. pipe with 5 mm thickness was 
used as axle rod through 22.86 cm diameter of 
the clod breaker pipe. 

yy Soil working tool was selected from available 
in local market and further modified by welding 
the assembling bracket flat (10 cm × 10 cm × 10 
mm), reducing legth and welding main tyne in 
the centre.. It can be assembled to the front of 
frame with using of U clamp as shown in figure. 
Schematic diagram of implement is shown in 

Development of a Multipurpose Tool Bar for Mini Tractor
Dr R. Swarnkar, 

Professor & Head, Deptt. 
of Farm Machinery and 

Power Engg. Department

Er. R.C. Salunkhe, 
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figure. By assembling the various components 
viz. Soil working tool, frame and clod crusher for 
the multipurpose tillage tool was fabricated is 
shown .

Salient features
yy This tillage implement consisting of five iron 

plough and clod crusher

yy The implement carries out ploughing, clod 
crushing and leveling in a single operation

yy The capacity of the machine is 0.5 to 0.6 ha/h 
and machine works with the efficiency of about 
84%.

yy The cost of operation  is about 385 Rs/ha and 
which is about 50% less as compare to the 
cultivator operation 

yy The cost of the planter is estimated as Rs. 9800/-
It has been recommended for small and marginal 
farmers of the region in the Combined Joint Meeting 
of SAU’s in Gujarat in 2016.

Results and Conclusions
yy The results of the research work revealed that 

newly developed mini tractor drawn multi 
tillage implements work satisfactorily for seed 
bed preparation in a single pass with use of  
clod crusher. In case of the operation of the 
tillage tool with wooden planker a huge soil 
mass accumulated in front of the planker which 
created problems for further spreading the soil 
mass. 

yy Ballasting at front of the mini tractor improves 
the performance of the implements as 

compared to the without blasting and therefore 
the performance studyof the implements was 
carried out with proper blasting at the front (100 
kg weight was added).

yy The performance the prototype of the tillage 
implement was found satisfactory along with 
clod crusher. 

yy The fabrication cost of the multi tillage 
implements and clod crusher were estimated as 
Rs 8012.55/- and 1765.4/- respectively.

yy The mean mass diameter of the soil of the seed 
bed prepared by the multi tillage implement 
in a single pass was as per the recommended 
range of 12-14 (Ref.). However the soil tilth was 
found better in case of the planker attachment 
but due to accumulation of huge soil mass at 
the end of the operation in front of the planker 
spoil the operation.

yy The cost of the operation of the tillage implement 
with the clod crusher was estimated as  
Rs. 382/ha which was slightly more than the cost 
of operation with planker (Rs 328.98/ha) but was 
almost half of the control (cultivator operation).
The operation of the cultivator with single pass 
could not achieved the required tilth of the seed 
bed hence it required second operation of the 
cultivator which incurred doubling of the cost of 
operation as well as time.

 A good tillage implement has been developed 
which can provide good seed bed in a single 
pass with clod crusher for the crop of wheat and 
maize crop of the region of middle Gujarat with 
sandy loam soils. 
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Making of Food Security Army

Dr. U. Jaikumaran 
Professor & Head, 

Agricultural Research Station, Mannuthy  
KERALA AGRICULTURAL UNIVERSITY  

e-mail : arsmannuthy@kau.in 

Food Security Army is a new concept / innovation 
introduced by Dr. U. Jaikumaran in Kerala 
Agricultural University for developing agricultural 
human resource base for the country and to have 
large scale mechanisation in the state. It is designed 
especially to motivate the youth to shift over to 
agricultural farming as their livelihood job. INDIAN 
ARMY is looking after territorial security of India, 
the Food Security Army is to work for the total food 
security of the country. This concept was initiated 
through prolonged interaction with farmers and 
farm workers who are toiling hard for the country to 
provide food for the entire humanity, disregarding 
the community, caste and the social status. A three 
minutes video on Invocation Song of Food Security 
Army will convey what the "Food Security Army" 
stands for. 

Our country is aspiring for rapid growth, say more 
than 4% in agricultural sector. We achieve only less 
than 2%. Why it is happening like that? We have 
not prepared our youth for rendering their service 
in the agricultural sector and have not created a 
mindset to work for self-reliance in food production. 
The country is doing all well in the digital side, the 
technical side and medical side for developing the 
youth and youthfulness for rendering service in 
these sectors. In the past efforts were little to expand 
agriculture human resource base of the country for 
the agriculture service sector. Our Second Prime 
Minister Lal Bahadhoor Sastrijis vision emulating the 
slogan Jai Jawan Jai Kisan was not implemented. The 
country is agrarian and more than 80% of the people 
are working in the agricultural sector. Everybody is 
thinking and talking about "SOCIALISM", Equality, 
Fraternity, and Liberty, but their mind set is not like 

that. Our own son/daughter should be an Engineer 
/ Doctor / IT Manager, and the others son/ daughter 
may do my menial job. We have to understand that 
the job in agriculture sector is the noblest job, not 
only noble but also divine. Divine in the sense that 
it is godly work. This awareness we have to spread 
throughout the country of India for developing the 
agricultural sector. This philosophy has led to the 
development of the Food Security Army. We set up 
an army of youths joining together for the country 
to provide food for all, recognising that this is the 
best service one can offer to the nation. This Army 
shall be respected by the Country. 

The concept of  Food Security Army centres around 
four philosophy. First one is that farming is a divine 
job. It is the noblest profession to be appreciated 
by everybody. Those who are working and toiling 
for others food are the NUMBER ONE citizen of the 
country. To create this awareness and feeling, those 
people may be like Army and empowered with the 
technology for the service they are rending. They 
may deliver service with punctuality, dedication, 
dutifulness and sincerity. Hence a military training 
code is incorporated in the training creating pride 
and esteem. All the training codes like daily parade, 
physical exercise, march past, passing out parade, 
pledge etc. are incorporated in the training modules. 
A dress code with uniform is imposed. 

The second philosophy is Agricultural 
Mechanization. There is a lot of drudgery in 
the agricultural sector with problems of health 
insecurity and life insecurity which we have to 
address. None will come forward to join farming if 
there is a danger to their life and health while toiling 
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in the agricultural sector. This should be removed 
and addressed through appropriate mechanization. 
The machinery should remove drudgery part of 
work and provide life and health security. The 
work is done with easiness, speed and brings more 
economic gain to the service provider and least cost 
to farmers. Agricultural mechanization is the tool for 
the 2nd green revolution in the country. 

The third philosophy is the Social Security. While 
working in agricultural sector there is an offseason 
with no work and no food This may not happen. 
Those who are working for the country should be 
provided with  "Social Security" means. This problem 
is addressed through own action. A portion of the 
earning is set apart for social security fund like 
pension, provident fund, medical, welfare etc. We 
advocate that 30% of the total service charge may 
be deposited in the social security and welfare 
funds. 

The 4th philosophy is to work together as service 
provider. Joining and working together as service 
provider either as a "Co-operative" or as a Self Help 
Group so that their profit is shared by everybody. A 
work platform we may create just like multinational 
companies working as hubs. We instituted this 
concept by creating Agro Service Centres (ASC) or 
Agro Machinery Operation Service Centres(AMOSC) 
or Farmer Service Centres (FSC). 

This programme was introduced during 2003. The 
first training was on mechanical transplanting of rice. 
The green technology for mechanical transplanting 
was developed through research. A core of service 
providers to effectively translate this technology in 
the farmers field was created by work experiential 
training programme. We selected 19 women from 
two Panchayaths (Kodakara and Tholur). During 
the 22 days training, all aspects of hardware and 
software technology were taught. After the training 
they were facilitated to take up contractual work. 
Station rented out machinery for them. While 
working, they started learning and gaining more 
experience and we understood the new constraints. 
We acted to remove the constraints. 

The first model created is the self-entrepreneur lady 
service provider Mrs. Latha Raveendran, I always 
address her as "Jancy Rani" of the Indian Agriculture. 
After training she started contract works. Later she 
formed Agro Service Centre group called  Sivasakthi 
Agro Service Centre employing 47 people. 
She is rendering service mainly in mechanized 

transplanting and produces turnover of Rs. 80 – 100 
lakhs per annum. 

While we went ahead, we found the need for 
more professionalism in training to motivate 
young people to take over the agricultural sector. 
We introduced training code and uniform, and 
facilitated the formation of Agro Machinery 
Operations and Service Centre (AMOSC). We started 
the system of renting out the machineries. There 
was high demand for the training. The training arena 
was expanded. All the machineries were covered 
in the training programme. We moved out of state 
also. When we moved to different geographical 
locations, we understood the constraints of the 
locations and could modify the training needs 
based on the location. We have now completed 213 
training sessions and 4669 people have been trained 
covering 2704 men and 1965 women. Trainings 
are still going on. We are building up a very good 
human resource base in the agricultural sector for 
the state. Several dignitaries like M S Swaminathan, 
Dr. Ayyappan and Agricultural Minister of Punjab 
Mr. Sucha Singh Lankah witnessed our programme. 

While going ahead, we added so many new 
innovation components to Food Security Army. 
We started Mobile Agro Machinery Training Unit 
(MAMTU), Mobile Agro Machinery Service and Repair 
Unit (MAMRSU), Agro Machinery Operation Service 
Centre (AMOSC) and Farm Machinery Facilitation 
Centre (FMFC). We facilitated to establish AMOSC 
in the state. We also developed strong training 
core what we called  Food Security Army Training 
Regiment at the tation. People having technical 
background were provided apprenticeship for 6 
months or one year and they were absorbed as 
"Master Trainers". As in the military, we have various 
categories of logistics support services. The centre 
has become a unique model for the country. 

Understanding this, Government of Kerala adopted 
this programme. In 2012, they provided Rupees 200 
million to set up 35 agro service centres, among 
which 14 are Model Agro Service Centres to be 
monitored by us. We are overseeing the functioning 
of the 14 Model Agro Service Centres. Agro Service 
Centre shall provide every service required by the 
farmer in a single window. We understand the 
difficulties and the constraints and work out plan 
for smooth functioning of each centre. Similarly in 
the Co-operative sector the Government of Kerala 
provided budget of Rupees 100 million in 2012-13 
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to build up 60 Farmer Service Centres under Service 
Co-operative Bank. Co-operative sector is moving 
ahead very fast and Farmer Service Centers are 
expanding their area of operation. 

The concept of Agro Service Centre is like that all 
the activities required by the farmers should be 
executed by them and all the requirements of farmer 
may be met with. We removed two words from our 
dictionary, one is 'labour'- everybody is Service 
Provider (Army) and those in agricultural sector is 
a Food Security Army. Second word we removed 
is "wage/coolie" which is replaced with service 
charge.Now Food Security Army has become a 
venerable service. People are ready to join the Food 
Security Army. There is a social recognition, pride 
and professional esteem.

Several activities were organized just to show the 
mighty strength of the Food Security Army. We 
organized ‘Operation Ponnamutha 300/5’, one 
of the biggest field show of Food Security Army: 
300 acres of paddy land was transplanted in just 
five days. This is achieved with strategic planning 
utilizing nine regiments of Food Security Army, 
creating 25 battalions. All the components like the 
Mobile Repair and Service Unit, Mobile Catering 
Unit, Monitoring Unit, Temporary Toilet Unit etc. 
were incorporated and Service Contracts were 
made. It was a remarkable fete. That year (2009-10) 
which is the mighty year of the Food Security Army, 
we transplanted 1733 acres of land employing 9 
regiments using 30 transplanters. An amount of 
Rupees 4.5 million was gathered as service charge 
by the 9 regiments. This enthused a lot of energy to 
the Food Security Army. Several VIPs visited the spot 
including the Punjab Agricultural Minister.

We introduced the concept of "Crop Security 
Intelligence Wing"  (CSIW). We have been 
experiencing unscrupulous use of pesticide in 
kole lands. We observed that this can be reduced 
to the minimum if we have an intelligence system 
to identify the problem initially and control the 
infestation of pest/ diseases. We are creating a 
system of our team going to field and observing 
on starting of the infestation of pest and disease 
or any soil problem. We collect required input data 
and control the problems at the start itself through 
minor treatments. This crop security intelligence 
system worked comfortably well in kole land and 
we could reduce the use of inorganic pesticides. 
We also created a Rapid Action Force for working in 

cases of urgency to control pest/ disease out brakes. 

We introduced a new programme "Green Cadet 
Corps" (GCC) just like NCC for the students. It has 50 
days training programme, 50 Saturdays we are going 
to school and imparting training on cultivation 
of different crops. The students are practicing all 
farming activities. All the components like drill 
parade, physical training as in NCC are also there. 
Food and uniform are also provided. Everybody feel 
enthused, motivated and transformed into good 
citizens of India. Those cadets are ready for working 
in the agricultural farming sector and getting 
recognition and appreciation. 

We organized several categories of trainings 
depending upon the need of the location but with 20 
days training programme we consider to accredit as 
Food Security Army. We have logo for Food Security 
Army, we have got a website of Food Security Army 
(www.foodsecurityarmy.org) and finally what we 
aspire to have Food Security Army Training College 
just like Indian Army Military College in Derahdoon 
or NDA, Khadakwasla. 

We have developed three models for the "Food 
Security Army Agro Service Centre" one as a 
Co-operative model. Anoop Kishor Green Army 
Wadakkanchery is the classical example of it. We 
have trained about 800 people for Green Army 
Wadakkanchery. Second model is Individual 
Entrepreneurship; Latha Raveendran is the best 
model. The third model is the SHG model, where 
they share profit between them. All the three models 
can be adopted in the country based on situation. 

Research & Development 

Food Security Army has a good R & D division. One 
of the success stories of R&D division is Paddy Straw 
Bailing Service. With our intervention, the usual 
practice of burning paddy straw from 30,000 acres of 
kole paddy lands worth Rupees 33 million stopped 
forth with. With our intervention, paddy straw 
balers were introduced, the whole straw reaped in 
kole lands (providing forage to 15,000 milch animals 
per annum) were baled and transported to needy 
places. This practice is going on. 

We have introduced several new generation farm 
machineries for testing and developing protocols 
for training. We developed a safe to ‘Sit and 
climb coconut climbing device’ for the country. 
A ‘Coconut Palm Basin Digger’ was developed 
for the coconut farmers of the state for opening 
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basin of coconut. A multipurpose ‘Family Farming 
Tiller’ is in the final stage of development which is 
intended for the multipurpose use of home stead 
farming. In order to facilitate physically disabled for 
mechanised agriculture with assistive technology, 
‘a brush cutter, protray seedling unit and remote 
control power tiller’ are being developed with the 
financial assistance of Centre for Disability Studies. 
We also develop new generation farm machinery 
depending upon the feedback we got out of the 
Food Security Army trainings. 

We consider farming as a spirituality and we have to 
be the practitioners and perpetuators of it. We shall 
be the „Change Maker of the world providing food 
to all. Make Love a habit and service a ritual that is a 
message for Food Security Army. 

As our Hon'ble Prime Minister is telling, we will ‘Make 
in India, the best youth for agrarian prosperity of 
Globe. We dream that Food Security Army will join 
hands together from Kashmir to Kanyakumari to 
protect Food Security for the Country. 

Thank you very much,  Jai Jawan Jai Kisan.
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Promoting Innovations in Individuals, Start-Ups and 
MSMEs (PRISM) 

A  Novel Programme  for Innovators and Entrepreneurs

Dr. S.M. Mathur
Professor & Coordinator TOCIC 

Department of Farm Machinery and Power Engineering 
College of Technology and Engineering,  Udaipur-313001(Raj)  

shiloo2009@gmail.com

Promoting Innovations in Individuals, Start-ups and 
MSMEs (PRISM)  is a novel programme operated  by 
the Department of Scientific and Industrial Research 
(DSIR), New Delhi. Scheme aims at to support 
individual innovators which will enable to achieve 
the agenda of inclusive development - one of the 
thrust areas of XIIth five year plan (2012-2017). 
It would also provide support to institutions or 
organizations set up as Autonomous Organization 
under a specific statute or as a society registered 
under the Societies Registration Act, 1860 or Indian 
Trusts Act, 1882 leading to development of state-
of-art new technology solutions aimed at helping 
MSME clusters.     In order to tap the innovators 
of whole country DSIR developed about 12 TePP 
Outreach cum Cluster Innovation Centres (TOCIC) all 
over the country.  TePP now changed to TOCIC was 
instituted in August 2007 at College of technology 
and Engineering, Udaipur by the DSIR, New Delhi. 
It is the pride of Agricultural Engineering profession 
that this is the only Agricultural Engineering College 
(CTAE, Udaipur) in India who has been awarded this 
programme whereas this programme is awarded 
to IITs and CSIR  only.  Any Indian citizen with an 
original idea/invention/know-how can apply for 
PRISM support.  The  support to the innovators is 
limited to 90% of the total cost of the project and 

remaining 10% is to be borne by the innovators/
inventor.

OBJECTIVES
The main objectives of the programme is 
yy To promote and support untapped creativity of 

individual innovators
yy To assist the individual innovators to become 

technology based entrepreneurs
yy To assist the technopreneur in networking and 

forge linkages with other constituents of the 
innovation chain for commercialization of their 
developments.

Activities:
The activities under TePP include providing financial 
support to selected and screened individual 
innovators or MSMEs having original ideas for 
converting them into working models, prototypes 
and so on.

PRISM assistance is provided to the innovator to 
meet expenditure on the following:

a. R&D/engineering consultancy
b. procure small equipment, tools etc required
c. Raw material /Accessories (for prototype/

process trials)s.
d. Fabrication cost (for prototypes)
e. Patent guidance and support 
f. Manpower
g. Testing & Trials
h. Any other relevant costs
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Eligibility of Proposals
a. Proposals from individual innovators to convert 

an original idea/invention/know-how into 
working prototype/processes.  These proposals 
can be made by individuals of jointly with 
sponsoring organizations.

b. Individual(s) interested may apply for TePP 
support giving complete details as per enclosed 
format.  The application should be submitted in 
five copies.

c. Proposal(s) having sketchy details/incomplete 
applications/applications without signature 
will be rejected.  No correspondence will 
be entertained in respect of such rejected 
proposals.  The applicant, however, will be 
informed in due course.

d. Proposals involving software development/only 
patenting/basic scientific research /projects 
having no immediate commercial implications 
will not be accepted for consideration under 
PRISM. An innovator must ensure while making 
proposals to PRISM, that the proposed idea 
will have possible commercial potential.  Mere 
possession of idea/(s) does not entitoe any one 
to avail PRISM support.

e. Proposals from the owner of a ‘Start-Up’ 
company/industry be considered for PRISM 
support.

f. Individuals working in organizations and with 
innovative ideas may apply for PRISM support 

by furnishing a ‘No Objection Certificate’ from 
their employer.

g. In general, only one proposal from an individual 
innovator would be considered at a time.  
The proposals received will be subjected to 
departmental screening.

h. PRISM considers financial support to the short-
listed innovative novel proposals on the basis of 
expert evaluation under two broad categories:

How to apply and Selection Criteria 
Interested innovator or start up can download the 
desired application form from http://dsir.csir.res.
in/webdsir/#files/12plan/prism/prism.htmland can 
submit to the nearest or any of the TOCIC. One can  
submit the form online also. Before submitting the 
form one should read the guidelines carefully. Once 
the proposal is received by TOCIC it will be evaluated 
by two experts of the domain and based on the 
expert comments and recommendation the same 
can be forwarded to the DSIR New Delhi for further 
screening. A high level screening committee will 
examine the proposal and if approved the desired 
supported may be credited to the innovators 
bank account directly. The support amount will be 
released in three or four phases depending the mile 
stones set by the innovator.  So far TOCIC Udaipur 
has supported 30 projects from all corners of the 
country. If one can interested he may contact to  

Programs and Eligibility

Program Eligibility

PRISM Phase-I

Category-I: Proof of Concept/ Prototypes/ Models 
Maximum support may be limited to 2.00 lakh or 90% of the total project 
cost whichever is lower.

Any Indian citizen including student 
innovator can avail support to develop 
their novel idea into demonstrable mod-
els/prototypes.

Category-II: Fabrication of working model/process know-how/ testing 
and trial/patenting/technology transfer etc. (Innovation Incubation) 
 
Maximum support may be limited to 20.00 lakh or 90% of the total project 
cost whichever is lower.

Any Indian citizen having innovative 
ideas.

PRISM- Phase-II (Enterprise Incubation)

Maximum support may be up to 50.00 lakh limited to 50% of the total 
project cost. The support may be provided for scaling up technology based 
innovations, including patenting/design registration/trademark registry/ 
technology transfer to develop a marketable product/process towards enter-
prise creation.

Successful PRISM innovators or innova-
tors who have successfully demonstrated 
proof of concept with the support of 
other government institutions/agency.

PRISM-R&D Proposals

Maximum support may be up to 50.00 lakh, limited to 50% of the total 
project cost for developing technology solutions aimed at helping MSME 
clusters.

Any R&D institute / autonomous institu-
tions/public funded laboratories/ aca-
demic institutes and so on.
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How to apply and Selection Criteria 
Interested innovator or start up can download the 
desired application form from http://dsir.csir.res.
in/webdsir/#files/12plan/prism/prism.htmland can 
submit to the nearest or any of the TOCIC. One can  
submit the form online also. Before submitting the 
form one should read the guidelines carefully. Once 
the proposal is received by TOCIC it will be evaluated 
by two experts of the domain and based on the 
expert comments and recommendation the same 
can be forwarded to the DSIR New Delhi for further 

screening. A high level screening committee will 
examine the proposal and if approved the desired 
supported may be credited to the innovators 
bank account directly. The support amount will be 
released in three or four phases depending the mile 
stones set by the innovator.  So far TOCIC Udaipur 
has supported 30 projects from all corners of the 
country. If one can interested he may contact to 
the author. Application form are available on http://
www.dsir.gov.in  
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Development of a Single Spring Mounted Suspension 
Type Extendable Width Cultivator

By 
Dr. S M Mathur* and Mr. Rajendra Kumawat**

*Professor, Department of Farm Machinery and Power Engineering, College of Technology and 
Engineering, MPUAT, Udaipur (Rajasthan), shiloo2009@gmail.com 

**Innovator turned to entrepreneur, Vishwakarma Industries, Tonk (Rajasthan)

Agricultural mechanization helps in increasing 
production, productivity and profitability in 
agriculture by achieving timeliness in farm 
operations, bringing precision in metering and 
placement of inputs, reducing available input losses, 
increasing utilization efficiency of costly inputs (seed, 
chemical, fertilizer, irrigation, water etc.), reducing 
unit cost of produce, enhancing profitability and 
competitiveness in the cost of operation. It also 
helps in the conservation of the produce and 
by-products from qualitative and quantitative 
damages; enables value addition and establishment 
of agro processing enterprises for additional income 
and employment generation from farm produce. 
Farm mechanization is one of the important inputs 
to user in all round development in the rural India. 
Efficient machinery helps in increasing productivity 
by about 30% besides, enabling the farmers to 
raise a second crop or multi crop making the Indian 
agriculture attractive and a way of life by becoming 
commercial instead of subsistence. There is a need 
to double the food production by 2020. This will 
call for raising more crops in a year thus limiting the 
turnaround time.  In order to complete the work 
in time we require a new improved implement 
which should be farmers friendly and requires less 
repair and maintenance.  We started to work in this 
direction and developed a new type of cultivator 
with suspension springs (Fig.2). Another advantage 
of the developed implement is that its width can be 
increased or decreased depending on size of the 
tractor. A nine tyne cultivator can be converted into 
11 or 13 tyne cultivator just by adding set of tines 
with the existing implement (Fig. 3, Fig. 4 & Fig. 5). 

The biggest advantage of the newly developed 
machine is that if a farmer is going to buy a new high 
horse power tractor he does not required buying a 
matching cultivator. He can increase the width of 
the cultivator just by buying the additional tynes.

The concept of Development of Suspension type 
Extendable Width Cultivator was submitted to 
Department of Scientific and Industrial Research 
(DSIR), New Delhi through College of Technology and 
Engineering (CTAE) Udaipur under Technopreneur 
Promotion Progrmme(TePP) under the category of 
TePP Project Fund . Looking to the advantageous of 
the new machine DSIR supported the project with 
a grant of Rs. 69,000/-.  Initially A suspension type 
extendable width cultivator with 9 tynes (Fig. 2)  was 
developed and trials were taken on farmers fields. 
Extensions for 11 and 13 tynes were made and a 
nine tyne cultivator was extended to 11 and 13 tyne 
cultivator. It was tested on farmer’s field and on the 
farms of College of Technology and Engineering 
and the feedback was collected. It was found that 
in order to make this cultivator more sturdy its tynes 
has to be improved and more trials has to be taken on 
farmer fields. In order to further improvement to the 
machine a proposal for supplementary grant of RS. 
10, 00,000/- was again submitted to DSIR, New Delhi. 
A high level committee examined the proposal and 
DSIR sanctioned further support of Rs. 7, 50,000/- for 
the improvement of the machine. The developed 
new tyne with suspension spring is shown in Figures 
3,4& 5. It was further tested and trials were taken 
on farmer’s field. The newly developed cultivator 
was tested by the Farm Machinery Testing Center 
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of CTAE Udaipur. The test report was very good and 
was submitted to Government of Rajasthan and 
Ministry of Agriculture, New Delhi. Based on the 
reports; Govt. of Rajasthan and Govt. of India has 
approved a subsidy on this machine which is a  big 
achievement. This is the only cultivator on which 
government is providing the subsidy. Now this new 
type of cultivator is commercially manufactured 
by Vishwakarma Industries, Tonk (Rajasthan)  and 
farmers of nearby areas  are using it. The newly 
manufacture suspensor model has a number of 

distinguishing features. This model has 70-80% of 
less nut bolt fittings, thus it reduces the maintenance 
expenditure. The number of tines can be increased 
up to 13  depend upon available power of tractor 
and the need of Farmer. It is helpful in minimizing 
time and fuel consumption. It is proved that in 
the same time 25 to 50% more work can be done 
through using this cultivator. A comparison chart is 
given below which clearly shows the advantageous 
of the newly developed machine over the existing 
cultivators.   

Available Cultivators

Pipe Model Ferguson Model Pin to pin Model  Suspension Model 

10 nut bolts are used in 
complete fitting of one 
tyne  kit

13 nut bolts are used in 
complete fitting of one 
tyne  kit

09 nut bolts are used in 
complete fitting of one 
tyne  kit

03 nut bolts are used in 
complete fitting of one 
tyne  kit

102 nut bolts are used in 
complete fitting of 9 tynes  

122 nut bolts are used in 
complete fitting of 9 tynes  

86 nut bolts are used in 
complete fitting of 9 tynes  

30 nut bolts are used in 
complete fitting of 9 tynes  

Fig. 1 : Commonly used Traditional 
Cultivator

Fig. 4 : Attachment for 11 Tyne Attachment for 13 Tyne

Fig. 2:   Newly Developed Suspension type 
Extendable Width Cultivator 

Fig. 3 : Tyne of the newly developed 
Cultivator
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Significant Features 
yy The implement is as per the need of the hour. 

yy The introduction of new suspension system 
reduces the cost considerably 

yy Tynes were assembled with a tyne spring holder, 
tyne stopper bush spring holder guide , L-Plate 
which casted with forged steel in a single piece .

yy The single piece steel casting reduces the labor 
requirement and manufacturing cost. 

yy The developed cultivator requires only 30 blots 
as compared with existing product in market in 
which requires 86-122 bolts

yy The new cultivator has the capability to extend 
the width of cultivator from 9 tines to 11 and 13 
tines. 

yy The same implement can be used with higher 
hp tractors simply by increasing the number of 
tines and there is no need to purchase a new 
matching implement. 

Conclusion 
The developed new type of cultivator  works well 
but  confided to the limited market. It should be 
popularized to all parts of the country through 
All India Coordinated Research Project on Farm 
Implements & Machinery, Indian Council of 
Agricultural Research, New Delhi  
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Development and Evaluation of Tractor Operated 
Harvester for Bengalgram

S. J. Reddy
Principal Scientist (Agril. Engg.), Regional Agricultural  Research 

Station, Nandyal, Kurnool (Dist.) A.P. 

Abstract
Generally harvesting of Bengal gram is done 
manually by pulling the plants. During peak 
harvesting season farmers are facing problems 
when crop in large area come for harvesting due 
to acute shortage of labour. Moreover manual 
harvesting is time consuming and laborious. Non-
availability of farm labour, delay in harvesting lead 
to reduction in the yield due to shattering losses 
during harvesting. At present the harvested crop 
is collected at one place and then threshing of the 
crop is done in the field itself. This may lead to losses 
during transportation.  To overcome such problems, 
there is a need to develop a harvester cum threshing 
mechanism to save time, cost of operation and 
losses during harvesting and threshing.  

The Performance of newly developed Bengal gram 
harvester was tested in the farmers field at different 
field conditions during 2011-12 to 14-15. When the 
tractor moves forward, a V-shaped blade which is 
mounted in the front portion of the of the tractor 
penetrates in to the soil and  uproot the plants. The 
depth of penetration is controlled hydraulic system. 
Guides are provided on either side of the V-shape  
blade to avoid the trampling of the uprooted plants. 
The uprooted plants are thrown between the tyres 
and are collected. With this equipment, 7-rows 
can be uprooted at a time. 10-12 acres can be 
harvested per day. Consumes 4- 4.5 liters of diesel 
per hour. Two persons are required for gathering the 
uprooted plants. There is a saving of around Rs 550 
per acre compared to manual harvesting. 

Introduction
There are different tractor operated harvesters 
available for different crops. Reduction in cost of 
production is considered to be the key factor in the 
wind of W.T O. Precision mechanization and timely 
operation can reduce the production cost up to 30-
35 per cent. 

In this region generally harvesting of Bengal gram 
crop is done by manual pulling. Manual harvesting 
is time consuming and laborious process resulting 
in increased operational cost. In addition to this, 
there is shortage of labour for both harvesting 
and threshing during peak season. At present a 
number of tractor operated threshers are available 
commercially in the market for threshing Bengal 
gram. These threshers have to be evaluated 
based on their power requirement, capacity and 
performance to identify a suitable threshing 
mechanism to incorporate for the development of 
tractor operated combine harvester. Reaper type 
mechanism is most commonly used for harvesting 
paddy. But the same harvesting mechanism 
can not be adopted for harvesting Bengal gram 
because of greater ground clearance. Hence the 
presently available harvesting mechanism has to 
be modified suitable for harvesting Bengal gram 
and by integrating the harvesting and threshing 
mechanism, a suitable tractor operated combine 
harvester has to be developed. Hence there is a need 
to develop suitable tractor operated equipment 
that can   perform both harvesting and threshing 
simultaneously in a single pass.
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Results and discussions

Fig: 1. Prototype Bengal gram harvester Fig: 2. Operation of the prototype in the 
farmer’s fielder

Fig: 3. Gathering of the harvested crop

Table: 1. Comparison of Pod losses during harvesting and threshing over CLASS Harvester during 2011-12 

Item particulars Combine harvester(CLAAS)
Escorts India Limited

ANGRAU Model harvester

Un uprooted plant pods
(Kgs per acre)

22.0 nil

Ground pods 
(Kgs per acre)

44.0 4.0

Total pod loss 
(Kgs per acre)

64.0 2.0

Broken and un-threshed pods
(Kgs per acre)

 3.5 ---

         Total loss 67.5 6.0

Table: 2. Pod losses, cost of operation and savings over manual   harvesting during the year-  2012-13 

Particulars of the item ANGRAU Model harvester Manual

Un- uprooted plant pods
(Kgs per acre)

nil nil

Shattering losses (Kgs per acre) 1.0 9.0

Total pod loss (Kgs per acre) 1.0 9.0

Speed of operation (Kmph) 3.0

Width of operation 2100 mm

Field Capacity (ha/h) 0.6 0.1

Diesel consumption(Lts/hour) 4.0-4.5 --

Cost of operation(Rs/acre) 350 900 (6 persons/ acre)

Cost of heaping (Rs/acre) 300 300

Total Cost of operation(Rs/acre) 650 1200

Savings  Rs/acre 550 ----
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Table: 3. Pod losses, cost of operation and savings over manual   harvesting during the   year-  2013-14

particulars of Item ANGRAU  Model harvester Manual

Un- uprooted plant pods
(Kgs per acre)

nil Nil

Shattering losses 
(Kgs per acre)

1.0 9.0

Total pod loss (Kgs per acre) 1.0 9.0

Speed of operation (Kmph) 3.0 --

Width of operation 2100 mm

Field Capacity (ha/h) 0.6
(10-12 Acres/day)

0.06
(1-1.2 acres per day)

Diesel consumption
(Lirts/hour)

4.0-4.5 ----

Cost of operation(Rs/acre) 350 900

Cost of heaping (Rs/hour) Rs 300 300 (2 persons)

Total Cost of operation(Rs/acre) 650 1200 (per acre)

Savings  Rs/acre 550 ----

Table: 4. Pod losses, cost of operation and savings over manual   harvesting during the year-2014-15

Particulars of the Item ANGRAU  Model harvester Manual

Un- uprooted plant pods
(Kgs per acre)

nil Nil

Shattering losses 
(Kgs per acre)

2-3 8-10

Total pod loss (Kgs per acre) 2-3 9.0

Field Capacity (ha/h) 0.6
(10-12 Acres/day)

0.1
(1-1.5 Acres per day)

Diesel consumption
(Lirts/hour)

4.0-4.5 ----

Cost of operation(Rs/acre) 400 (diesel + driver)
( per hour)

900
(6 persons)

Cost of heaping (Rs/hour) Rs 300
(2 persons per day)

300 (2 persons)

Total Cost of operation(Rs/acre) 700 1200(per acre)

Savings  Rs/acre 500 ----
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Development of a Soil Pulverizing Attachment to 
Cultivator

Parmar Raghuvirsinh P., Dr. R. A. Gupta and Saumya Shukla

Tillage or soil preparation has been an integral part 
of traditional agricultural crop production practice. 
It is the mechanical manipulation of the soil and 
plant residue to prepare a seedbed where seeds 
are planted to produce grain for our consumption. 
A draft force is applied to the tool, which causes 
the elements to move through the soil. The power 
required is developed by the tractor engine and 
is transmitted through the soil-tire interface and 
the tractor drawbar. Clod formation subsequent to 
ploughing or disking is a major problem in arid and 
semi-arid zones of India. Clods create obstruction 
to penetration of furrow openers of seed drill and 
do not allow intimate contact between seeds and 
soil. Hence, pulverization of clods is necessary to 
avoid the above problems. The combination of 
implements that enables the task to be completed 
in the shortest time with minimum operating cost 
and energy requirement is usually selected.In tillage, 
active and passive tillage tools used in India faces 
problem like, poor soil-tire interface, clod formation, 
compaction due to heavy traffic and timeliness 
in operation. Hence, it was planned to fabricate a 
pulverizing attachment to cultivator andevaluate its 
performance with existing implements.

A pulverizing attachment to cultivator was designed 
and developed to combine primary and secondary 
tillage operations in single pass to ensure timeliness 
in seed bed preparation. The pulverizing attachment 
to cultivator consist of a frame with cultivator tines, 
pulverizing attachment having helical blades, 
power transmission system to provide  power to 
pulverizing attachment, framework to mount roller 
and three-point linkage unit.The working principle 
behind the pulverizing attachment to cultivator 
which is having pulverizing roller as active unit 
behind implement and in front cultivator tines 

are attached as passive unit. Cultivator tines open 
furrow and in the rear PTO operated roller cut and 
pulverize the soil at optimum condition for tillage.

The performance of the developed machine was 
evaluated with the existing tillage implements. 
Cultivator + planker (T1), rotavator (T2), rotavator 
with tine (T3) and pulverizing attachment to 
cultivator (T4) were tested in the field having 12.57 
% moisture content. Their performance results 
were analyzed in terms of tilling quality of soil and 
machine parameters. The effects of treatments on soil 
physical properties like soil bulk density, clod MWD, 
cone index were evaluated. Machine performance 
parameters like fuel consumption, field efficiency 
and cost of operation were also studied.The field 
data were statistically analyzed, using analysis of 
variance (ANOVA) for the randomized block design 
(RBD) with five replications. 

Better performance in terms of tilling quality of 
soil was obtained using pulverizing attachment to 
cultivator (T4). The optimum values of clod MWD, bulk 
density and cone index were found 14.49 mm, 1.21 
g/cc and 455.99 kPa respectively. The average values 
of field efficiency, fuel consumption and operating 
cost were found 78.89 %, 12.94 l/ha and 2157.42 
Rs./ha, respectively. The pulverizing attachment 
to cultivator saves fuel about 45.8 %, 5.54 % and 
11 %over cultivator + planker (T1) and rotavator 
(T2) and rotavator with tine (T3),respectively. The 
cost of operation using pulverizing attachment 
to cultivator (T4) is reduced by 49 %, 11 % and 16 
% over cultivator + planker (T1), rotavator (T2) 
and rotavator with tine (T3) respectively. Using 
pulverizing attachment to cultivator a farmer can 
save rupees fifty thousand against rupees one 
lakhs on rotavator.Hence, farmers should use this 
implement for tillage/seedbed preparation.
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New Research and Innovations by RAU, Pusa for 
Promotion of Agricultural Mechanization in Bihar

S. J. Reddy
Assistant Professor, Department of Farm Machinery, College of Agricultural Engineering, 

Rajendra Agricultural University, Bihar, Pusa (Samastipur)

Bihar is a highly populated state and its 76% 
population depends on agriculture for livelihood. 
The agriculture of the state is mainly dominated 
by marginal, small, semi-medium and medium 
farmers with their share 99.9% of total number 
of holdings. However, they have possession 
over 97.2% of total area of operational holding. 
Obviously, the challenges and opportunities in 
the state for agriculture is different from other 
states and therefore, Bihar needs its own model of 
mechanization.

In respect of crop production, about more than 
85% of net cultivable area is covered by cereal 
crops followed by pulses (about 8%) and sugarcane 
(3.5%). Thus, major requirement of mechanization is 
for cereals with less focus to other crops.

Due to attention and serious effort of State 
Government, farm power availability has gone 
upto 1.9 kw/ha. Increased farm power availability 
coupled with mechanization has been responsible 
for quantum jump in productivity of various crops. 
The maximum productivity enhancement was 
recorded in paddy followed by wheat and maize 
with key role to SRI and SWI systems, respectively. 
The small farm implements played important role 
in farm mechanization by small farmers, but that 
too was limited upto particular crop and particular 
operation.

In changing scenario and varied challenges of 
agricultural mechanization in Bihar, the Farm 
Machinery Department of Rajendra Agricultural 

University, Pusa (Samastipur), Bihar has made 
some significant contributions in area of machine 
developments, promotional activities for 
community mechanization, institutional linkage, 
protocol development for machine demonstration 
as well as specific case study for non-adoption of 
certain machines by farmers. 

The new research and innovations undertaken by 
the department of Farm Machinery in agricultural 
mechanization field are being categorically below:

Machine development

Roto-cultivator
A tillage machine in the name of ‘Roto-cultivator’ 
was developed in collaborative mode with a 
leading farm machinery manufacturer situated at 
Muzaffarpur district. The machine performs the 
work of tillage as well as puddling. The information 
related to this machine is given.

Figure-1. Roto-cultivator
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RAU Weeder
A women friendly three tynes manually operated 
weeder was developed in collaboration mode with 
a manufacturer (M/s Ma Shyama Agro Industries) 
situated at Darbhanga.  The information related to 
this machine is given below:

Mechanization promotional activities

Farm Machine Bank (Pilot project) 
Farm Machine Banks, worth Rs. 8.0 Lakh each were 
established and evaluated for earning from custom 
hiring of machines in Muzaffarpur, Sitamarhi, 

S. No. Basic information Performance parameters

1 Name of machine Roto-cultivator Actual field capacity (under 
dry land)

0.48 ha/hr

2 Manufacturer’s name M/s Kisan Engineering Works, 
Muzaffarpur

Actual field capacity (under 
wet land)

0.28–0.32 
ha/h

3 Reference of University re-
lease order

O.O. No. 143/Driec. Res., RAU, 
Pusa dt. 07.12.2015

Field efficiency  63 %

4 Power requirement for opera-
tion

45hp tractor Average tillage depth 90-100 mm

5 Cost of machine, Rs. 54000.00 Puddling depth 114 mm

6 Subsidy on machine, Rs. 20000.00 Puddling index after two 
pass

78-82%

S. No. Basic information Performance parameters

1 Name of machine RAU Weeder Actual field capacity 0.013ha/h

2 Reference of University 
release order

O.O. No. 144/Driec. Res., RAU, 
Pusa dt. 07.12.2015

Av. time of continued 
operation by women

25 minutes

3 Cost of machine, Rs. 1800.00 Field efficiency 61.5%

4 Subsidy on machine, Rs. 600.00 Weeding efficiency 84%

Ease of operation Good

Madhubani, Darbhanga, Munger and Bhagalpur 
districts. It was found that the sustenance of banks 
are based on parameters such as timely allotment 
of machine, its repair and maintenance, unfavorable 
weather, poor participation of members and benefit 
sharing from earnings. The study of pilot project will 
pave a path for implementation of programme on 
Farm Machine Banks in Bihar in future.

A view of income of Farm Machine Banks (FMB) (2011-14)

Establishment of FIM (Farmers-Institution-Manufacturers) 
linkage

Realizing the importance of all stakeholders of 
mechanization programme, RAU, Pusa initiated 
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consultancy services both to the manufacturers and 
the farmers.

Formulation of protocol of machinery 
demonstration
The effective demonstration can also enhance 
adoption and use of machinery by farmers. In 
absence of proper protocol, the programme 
implementing agencies conduct demonstration on 
different agricultural machines without observing 
the necessities and other factors that has direct 
bearing on adoption process. The document 
contains all relevant parameters and indicators for 
successful adoption of agricultural machines. The 
protocol of machinery demonstration has therefore 
been found as a very effective tool for promotion of 
agricultural mechanization and its adoption by the 
farmers.

Case study
The mechanization gap in sowing/ planting/ 
transplanting operation has been evaluated 
to about 80%. In spite of serious effort by the 
Government on this front, farmers are adopting 
machineries for above operation slowly and slowly. 
A case study was conducted on adoption of zero till 
seed-cum-fertilizer drill by the farmers in selected 
district and the conclusions were communicated 
to the Government of Bihar for re-orientation of 
programme in order to make it more effective and 
successfully.

the establishment of FIM linkage and this resulted 
to the development of ‘Roto-cultivator’ and ‘RAU 
weeder’. Another achievement of such linkage was 
the modification in ‘Cono-weeder’, ‘Seed drill’ as 
well as ‘Reaper-cum-binder’ in Bihar. Constitution 
of BAMMA (Bihar Agriculture Machinery 
Manufacturer’s Association) was done under the 
banner of RAU, Pusa and University is providing free 

Figure 3. A view of Meet of BAMMA
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Development of Animal Drawn Peg Planker for Secondary 
Tillage in Hill Agriculture

S. N. Yadav 
CAEPHT, Gangtok (Sikkim)

Indigenous wooden log with peg type harrow, 
locally known as dante in Sikkim, is used for 
secondary tillage. Several designs of improved 
peg type harrow available for the plains area 
are not suitable for the narrow terraces on steep 
hills. An animal drawn peg planker (Fig 1) of 800 
mm working width made of mild steel sheet was 
developed to suit the topographical conditions of 
the North Eastern Hill Region of India and serve as 
a substitute to the local wooden peg type harrow. 
The animal drawn peg planker was field tested. The 
average post-operation large size clod was of 112.55 
x 81.25 mm in control plot and 71.82 x 54.70 mm in 
field operated by the animal drawn peg planker. The 
local wooden peg harrow and the developed animal 
drawn peg planker had work rate of 0.035 and 
0.047 ha.h-1; and draft requirement of 52.0 kgf and 
48.0 kgf, respectively. The effective size, uniformity 

coefficient and coefficient of gradation were 0.17, 
20.0, 0.97 and 0.25, 40.0, 1.91, respectively, for the 
local wooden peg harrow and developed animal 
drawn peg planker. These values suggested that 
the soil was finer, well and uniformly graded by 
use of the developed animal drawn peg planker as 
compared to the local wooden peg harrow. The total 
energy input required was 2077.8961 MJ ha-1 and 
1546.9671 MJ ha-1 for local wooden peg harrow and 
developed ani mal drawn peg planker respectively. 
The saving in energy input by use of the developed 
animal drawn peg planker was 25.55 per cent.

Fig 1. Developed animal drawn peg planker in operation 
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Design and Development of A Power Tiller Operated 
Multicrop Seed Drill Cum Planter

S. K. Satpathy
CAEPHT, Gangtok (Sikkim)

NE region is characterised by its difficult terrains 
and steep slopes. Agriculture in this region is mostly 
done on narrow terraces. Due to these geographical 
constraints, tractors and other heavy machineries 
cannot be operated in this region. Therefore, light 
weight power tillers and matching equipments are 
promising for mechanization in agriculture. Sowing 
is done by either broadcasting or hand dropping 
behind the plough. This traditional practice of 
sowing results is low yield and improper crop 
management. Hence, there is a need to introduce 
mechanical seed drills and planters to promote 
line sowing/planting. Furthermore, the farmers in 
this region are either marginal or small and cannot 
afford costly machinery. Therefore, a power tiller 
operated two row multi-crop seed drill cum planter 
matching with light weight power tiller (4.12 kW) 
was conceptualised and developed (Fig 2 and 3). 

The developed machine can be used for both 
sowing and planting all types of seeds. It consists 

of both fluted roller metering mechanism as well 
as vertical cell plate type metering mechanism 
for sowing and planting operation respectively. 
The two mechanisms are so connected that either 
of them can be used as per need. Seed from the 
hopper can be directed either to the planting or 
sowing mechanism as per need by opening a seed 
gate. The machine consists of hoppers, metering 
mechanism, furrow openers, frame, hitching frame, 
power transmission system, ground wheel, gage 
wheel/transport wheel. Arrangement is made to 
lift the ground wheel during turns in order to stop 
the metering mechanism and in turn minimize seed 
wastage. The row spacing is adjustable and can be 
varied according to the requirement. The weight of 
the machine is only 31 kg and costs approximately 
15,000 only. The seed drill cum planter was tested 
in field for sowing Mustard, buck wheat. The 
performance of the machine was satisfactory and 
received positive feedback from farmers.

Fig. 2 : CAD Model of the developed seed drill 
cum planter

Fig. 3: View of the seed drill cum planter in operation
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Design and Development of Mechanically Powered 
Light Weight Mulcher Cum Zero- Till Multi Crop Planter 

Suitable for Terrace Farming

S. N. Yadav 
CAEPHT, Gangtok (Sikkim)

The agricultural production system in the region is 
mostly rain fed, mono-cropped and at subsistence 
level. Traditionally farming is done by use of hand 
tools and animal drawn wooden plough, wooden 
harrows and wooden bamboo/bamboo leveler/
planker. The prevalent power sources of North 
Eastern Hill (NEH) Region of India are human, 
animal and walk behind small tractors. Therefore, 
there is need to develop farm machinery matching 
to available power sources and topography of the 
NEH for cultivation and to manage the crop residues 
and weed biomass especially in terrace cultivation 
under rain-fed condition. For hilly tracts of NEH 
region, powered assisted hand tools, animal drawn 

implements and light weight power tiller equipment 
have shown greater relevance for increasing the 
mechanization. Therefore, self -propelled light 
weight walk behind type mulcher cum multi-crop 
planter was designed and developed (Fig 4). The 
developed planter was tested in the clay loam soil 
for planting of pea at 32% (wb) soil moisture. The 
biomass (paddy residue) was 2730.00 kg ha-1. The 
actual field capacity was 0.043 ha h-1 at 1.21 km h-1 
average operating speed with 89% field efficiency. 
The seed rate at 155 mm and 350 mm seed and row 
spacing respectively was 50.67 kg ha-1. The number 
of seed per meter length was 06 and average 
deviation of seed from the center line was 25 mm. 

Fig. 3. Self -propelled light weight walk behind type mulcher cum multi-crop planter
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A Study on Modified Offset Rotavator for Mango Orchard

Introduction
Rotary tillage implements are now being projected 
as important rotary tools that result in production 
of fine tilth soil however the rotavator being in 
line with the tractor at the back cannot be used in 
orchards due to the hindrance posed by narrow 
space between the trees. Hence there is need 
of some tillage tool in offset to the central line 
of tractor so that it can reach to the area under 
the tree with the tractor placed in between the 
rows therefore, an offset rotavator was mostly 
imported to our country and evaluated to find their 
suitability under Indian conditions. The study was 
undertaken to evaluate the performance evaluation 
of the modified offset rotavator in orchard fields of 
Horticulture Research Center (HRC), Govind Ballabh 
Pant University of Agriculture and Technology, 
Pantnagar, District U.S. Nagar (Uttarakhand), India 
and influence of λ – ratio, depth of cut at different 
fields of mango with different parameters such as 
field performance index, residue incorporation, 
area uncovered near the girth by a modified Offset 
Rotavator were studied. The rotavator (derived from 
rotary cultivator) is a tractor mounted active tillage 
implement comprising of blades mounted on 
flanges with affixed to a shaft that is driven by the 
tractor (PTO). Rotavator performs (one plowing and 
two harrowing) operation in single pass therefore, 
rotavator is accepted by the majority of farmers of 
our country, as a time-saving equipment under low 
land and up land conditions. It saved 30–35% of time 
and 20–25% in the cost of operation as compared by 
cultivator. It gave higher quality of work (25–30%) 

than the cultivator. Soil pulverization with rotavator 
was found to be better than traditional implements. 
It could be used effectively for intercultural 
operation in horticultural crops and for puddling in 
paddy cultivation.

Material and methods
The modified offset rotavator was designed and 
developed at CSIR-Center of Excellence of Farm 
Machinery, Central Mechanical Engineering 
Research Institute, Ludhiana (Punjab) and tested 
for performance evaluation by one of networking 
partner, Department of Farm Machinery and Power 
Engineering, College of Technology, Govind Ballabh 
Pant University of Agriculture and Technology, 
Pantnagar (Uttarakhand). The modified offset 
rotavator has rotating tines mounted on a horizontal 
shaft and can be attached to the three point linkage 
of 45-55 hp tractors. It is powered by PTO and 
provided with adjustable mechanical sensing unit 
which can be adjusted at any position on the frame 
according to the type of orchard with a side shift 
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Fig. 1 Different components of modified offset rotavator
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of 300 mm. It has seven flanges spaced 220 mm 
apart and each flange carries in it six blades. It is 
also provided with an external gear type pump of 
capacity 15 l/min driven by PTO of the tractor. The 
different components of modified offset rotavator 
are presented in Fig. 1.

1.  Secondary transmission  
     system
2.  Frame
3.  Primary transmission  
     system
4.  Hydraulic pump

5.  Oil tank 
6.  Control valves
7.  Sensing rod
8.  Double acting cylinder

The performance of modified offset rotavator was 
evaluated during the field experiment in which, the 
residue incorporation and field performance index 
etc. were measured. An experimental plot was 
selected for mango orchard having 6000 m2 area 
and it was divided into subplots of the size of 15×30 
m2. 

Results and Discussion

Effect of different l– ratio and depth of cut on residue 
incorporation 

The modified offset rotavator was evaluated for 
residue incorporation at forward speed 2-3 km/h 
(corresponding λ – ratio 7, 5, and 4) for the depth of 
operation 80, 100 and 120 mm for mango orchard. 
The residue incorporation at forward speed 2.0 
km/h (7 λ – ratio) and depth 80 mm was observed 
93.50 percent. When increase in forward speed 
2.5 km/h (5 λ – ratio) and depth 100 mm, then 
residue incorporation was observed 93.64 percent 
and further increase in forward speed 3.0 km/h 
(4 λ – ratio and depth of cut 120 mm, the residue 
incorporation was observed 93.35 percent. On 
the other hand, by increasing depth of cut blades 
has to handle more volume of soil causes more 
amount of residue incorporation. The statistical 
analysis (ANOVA) exhibited that depth of cut and 
orchards field have significant effect on the residues 
incorporation at 5%.

Effect of l ratio and on field performance index

The modified offset rotavator was evaluated for 
field performance index at forward speed 2.0, 2.5, 
3.0 km/h (corresponding λ– ratio 7, 5, and 4) for 
mango orchard field. The field performance index at 
forward speed 2.0 km/h (7 λ – ratio) was observed 
79.32 percent. When increase in forward speed 2.5 

km/h (5 λ – ratio), then field performance index 
was observed 83.47 percent and further increase 
in forward speed 3.0 km/h (4 λ– ratio), the field 
performance index was observed 89.54 percent. 
The result shows that, as speed of operation 
increases the field performance index increases. 
Its main reason was actual field capacity increases 
corresponding to all level of forward speed and 
as similar field performance index increases, as 
increases in actual field capacity. The statistical 
analysis (ANOVA) showed, that λ– ratio, orchards 
field has significant effect on the field performance 
index at 5% level. 

Effect of girth on area uncovered near the girth 

The modified offset rotavator was evaluated for 
area uncovered near the girth for different orchards 
corresponding to girth. The result indicated, that 
as increase in girth of mango orchard, the area 
uncovered near the girth decreases because of 
rotavator has definite side sift of 370 mm which 
depends on the hydraulic shift actuated by 
hydraulic piston and independent from forward 
speed of operation and depth of cut. Therefore, area 
uncovered near the girth mainly depends on girth 
of the orchard. Thus, when the girth of the orchard 
increases then the area uncovered near the girth 
decreases and vice versa. The statistical analysis 
(ANOVA) revealed that, girth had significant effect 
on the area uncovered near the girth at 5% level.

Conclusions
1. The maximum field performance index for 

mango was found to be 89.54 % at λ– ratio of 
4 and for the same orchards the minimum field 
performance index were found to be 79.32 
% at λ– ratio 7. the residue incorporation was 
observed 93.35 percent.

  2.  The maximum uncovered area near the girth for 
mango was found to be 0.78  m2 at 0.90 m girth 
and for the same orchards minimum uncovered 
area near the girth was found to be 0.64 m2 
at 0.98 m girth. The maximum plant injury for 
mango was found to be 83.3 percent at λ– ratio 
of 4 and for the same orchards the minimum 
plant injury was found to be 16.6 %.
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OUAT Three Row Rice Transplanter

Dr. Debaraj Behera
CEAT. OUAT, Bhubeneshwar

Justification:  
Transplanting of rice seedlings in puddle soil with 
standing water is the most widespread techniques 
used throughout India. Two to four seedlings 
are planted per hill either in rows or at random. 
Row planting facilitates mechanical weeders and 
interculture tools to be used in inter row spacings. 
It is reported that 10 to 20 per cent higher yield 
was observed from transplanted paddy than direct 
seeded rice. The reason may be effective optimum 
no. of plants per hill, required number of plants 
stand per square meter and effective mechanical 
weed control. Timeliness of transplanting is 
essential for enhancing the yield and this can only 
be achieved through mechanical transplanting. 
Manual transplanting of paddy needs 300 to 350 
man-hours per hectare, which is roughly 25% of 
total labour requirement for rice crop. Self propelled 
transplanters have not been accepted by the female 
workers due to various reasons. Keeping this in 
view, a three-row paddy transplanter has been 
developed. This transplanter has been developed 
based on the information collected from farmers/ 
agricultural workers during village survey, with 
respect to their ergonomical parameters like energy 
expenditure rate, heart rate, oxygen consumption 
rate of workers for comfortable operation of manual 
transplanter. It is estimated that the involvement 
of female agricultural workers by the 2020 will be 
about 52% of total workforce.  Still today with the 
help of self propelled rice transplanters only 2-5 % of 
the total transplanted areas have been covered. As 
line transplanted rice ensures more net profit than 
local method of transplanting, this machine will be 
a boon for the paddy growing farmers of Odisha. 

Development:  
A three row manual transplanter has been developed 
by AICRP on ESA, Dept. of Farm Machinery and 

Power, OUAT centre. The weight of this machine is 
18 kg ,and it is operated  by agricultural worker in 
a  puddle field at a speed of 1.5 km / h backward. 
The transplanting efficiency is better than manual 
method of transplanting. The drawing and 
specification of the transplanter is shown below. 

Specification of the transplanter

Sl. Details Specification

1 Name OUAT 3-row transplanter 

2 Type Manual using mat type 
seedling

3 Dimensions (L x W x H) 600 x 600 x 940 

4 Weight, Kg 18

5 No. of rows 3

6 Row spacing , cm 24

7 Planting depth 3-4

8 No. of hills per square 
meter 

30-35

9 No. of hill per hill 2-5

10 Field capacity (ha/h) 0.016

11 Force requirement 145 N (14.8 kgf )

12 Field efficiency 50-60% 

13 Cost of transplanter Rs.8000/- 
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Performance evaluation : 
The physiological parameter, anthropometric data 
and strength parameters of male & female workers 
of Odisha have been considered for developing 
this transplanter. Seedlings of 18 days are generally 
transplanted with the help of three row paddy 
transplanter. The average missing hills has been 

observed to be 3 to 5 per cent. The row spacing 
is kept at 24cm in order to facilitate mechanical 
weeders and other intercultural operations. The 
average working heart rate of worker has been 
observed to vary in the range of 124-128 beats/min. 
The capacity of the transplanter is recorded to vary 
in the range of 160-180 m2/h. 

Field Performance  

Ergonomics parameters Transplanting Methods

Random Line (Rope) 3-Row transplanter

WHR, beats min-1 130.6 129.8 126.3

VO2 l /min 0.98 0.96 0.88

Work pulse beats min-1 52.8 52.3 48.5

Energy cost kJ / min 20.4 20.0 18.61

RCWL, % 56.9 55.8 49.4

Area transplanting m2/h 99.1 100.3 160.0

Recommendation : 
The findings of the above study indicated that 
the 3-row rice transplanter will be highly useful 

Demonstration at Munida (Puri) 

Demonstration at Talabarkote (Dhenkanal) Field evaluation at OUAT

Demonstration at Pandripalli (Sambalpur)

for the small and marginal farmers of Odisha. This 
technology can be recommended for commercial 
production. 
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Bullock Drawn Engine Operated Rotavator

Dr. Debaraj Behera
CEAT. OUAT, Bhubeneshwar

Justification:
At present, more than 84% farmers of the state of 
Odisha come under small and marginal farmers’ 
category who cultivates around 43% of the total 
cultivable land. The animal power still remains 
the only alternative for this category of farmers 
since they can hardly afford to costly machineries. 
Further, these small and marginal farmers hesitate to 
procure separate machines for different operations.  
Under such situations, a multipurpose tool carrier 
can support a farmer for various field operations 
with minor adjustments and changing the different 
tools on the main frame which reduces the cost 
drastically. The Tropicultor of ICRISAT, Hyderabad 
design is one such multipurpose tool carrier which 
has got provisions for primary tillage, secondary 
tillage, raised bed making, line sowing and weeding. 
For secondary tillage, this device uses a cultivator 
with five tynes. The quality of pulverization by 
this cultivator is generally not adequate; thus 
subsequently, proper quality of raised bed making 
and line sowing by seed-cum-fertilizer drill is not 
achieved.

Therefore, it was proposed to develop one rotavator 
to be attached with the tropicultor replacing the 
cultivator to improve the quality of land preparation. 
Since the power requirement for operation of the 
rotavator was beyond the capability of a pair of 
bullocks, one 8.0 hp diesel engine was proposed 
to be fitted to operate the rotavator while the 
tropicultor would be pulled by a pair of bullocks. 
It is therefore proposed to develop a bullock 
drawn engine operated rotavator by incorporating 
necessary arrangements in Tropicultor of ICRISAT 
design for better secondary tillage operation with 
provision for self start, clutch and depth adjustment 
so that the subsequent operations like raised bed 
making, line sowing with seed-cum-fertilizer drill 
and weeding by weeder could be accomplished 

successfully. 

Development:
The constructional details of the bullock drawn 
engine operated rotavator have been presented in 
Fig 1. The specifications of the developed bullock 
drawn engine operated rotavator have been 
presented in Table 1. The fabrication of the same 
was taken up at one registered SSI Unit of Govt. of 
Odisha, M/s Brundaban Jew Enterprises, Mukulisi, 
Balasore. (Fig 2). 

500
REAR VIEW (ISOMETRIC)

500
 ELEVATION (ISOMETRIC)
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Table 1:  Specifications of the developed bullock drawn engine operated rotavator

1 General:

Name of implement : Bullock Drawn Engine Operated Rotavator

Power of prime mover, hp : 8.3

Type of blade : J-type blade

Working width of rotavator, (mm) : 1150

Prime mover used: Diesel Engine 8.3 hp

Bullocks : Medium size bullocks(Local breed)

2 Chassis:

Type                                                            : C-type frame of MS Channel

Size of C-type section, (mm)  : 1100 x800

Type of mounting of C-type section : Attached to rotor shaft and welded to the wheel axle supporting 
plate 

3 Side support:

Type : MS Pipe with V-shape structure

Thickness of pipe, (mm) : 4

Size of bolt, diameter (mm)                                    60

Method of fixing: : Welded to the main frame.

4 Shield (cover)

Type :     : MS sheet, Curvy type

Size, (mm)   : Curve length-550, length-1200

5 Trailing board:

Type : Rectangular 

Material : Rubber

Size of board, (mm) : 1200 x400

Thickness of sheet, (mm) : 3

Method of mounting plate sector : Fixed to Shield(cover) by nut & bolts

Method of fixing : By Nut bolt

3700
SIDE VIEW (ISOMETRIC)

All dimensions are in mm
Fig. 1:  Bullock drawn engine operated rotavator

Front View                                    Rear View
Fig. 2:  Bullock drawn engine operated rotavator



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

166

Table 2 : Summary of field performance test

Sl. 
No.

Parameters Location of trial

Central Farm, OUAT, Bhubaneswar Village–Kansapal, Bangiriposhi, May-
urbhanj

i) Bullocks used Medium Medium

ii) Type of soil Sandy loam Sandy loam

iii) Field preparation Twice ploughing by bullock drawn 
mb plough

Twice ploughing by bullock drawn mb 
plough

iv) Av. Soil moisture (%) 9.8 10.15 

v) Bulk density of soil (g/cc) 1.60 1.6

vi) Av. Speed of operation 
(kmph)

1.87 1.92

6 Rotor shaft:

Material : MS 

Type of rotor axle : Hollow  tube

Size of shaft, (mm) dia x length : 60 x 1150

No. of brackets                                                  : 36

Type of brackets : Rectangular hollow

Size of brackets, (mm) (length x width)                                      : 65 x 40

Method of mounting blades on brackets        :  By nut and bolts

Distance between two brackets, (mm)            : 50

Total no. of blades                                      : 32

Dia. of rotor with blades, (mm)                    : 410

7 Rotor Blade: (Fig. 2)

Number : 24

Type  : Hatchet- type

Material : Hardened steel

Overall thickness, (mm) : 4

Arrangement of blades on the axle One blade  in each bracket 

8 Overall Dimensions 

Length, mm : 3700

Width, mm : 500

Height, mm : 1320

Mass, kg : 536

Performance of the Implement:
The preliminary field test for performance evaluation 
of the rotavator was conducted inCentral Farm, 

OUAT, Bhubaneswar and farmers’ field at village–
Kansapal, Bangiriposhi, Mayurbhanj (Fig.3). The 
details of field observations are summarised below 
(Table 2).
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The performance evaluation of the bullock drawn 
engine operated rotavator was conducted with the 
help of two medium size bullocks of local breed in 
Central farm, OUAT, Bhubaneswar and in farmers’ 
field at Kansapal, Bangiriposhi, Mayurbhanj. The 
fields were ploughed twice by bullock drawn 
mould board ploughs. The average width of cut and 
depth of cut were found to be 102 cm and 9.8 cm 
respectively in Central farm, OUAT while the said 
values were 104cm and 9.2 cm respectively in farmers’ 
field at village-Kansapal, Bangiriposhi, Mayurbhanj. 
The actual field capacity was observed to be 0.092 
ha/h with 68.25% field efficiency at central farm, 
Bhubaneswar as compared to actual field capacity of 
0.095 ha/h with field efficiency of 70.48% in farmers’ 
field at village- Kansapal, Mayurbhanj. The average 
fuel consumption was found to be 1.1 l/h in Central 
farm, Bhubaneswar while it was 1.13 l/h in farmers’ 
field. The demonstration of the said machine was 
also conducted in farmers’ field in Renupada and 
Mukulisi of Balasore district.

Recommendation:
The findings of the above study indicated that 
the developed bullock drawn engine operated 
rotavator will be highly useful for the small and 
marginal farmers along with the existing set of 
attachments with the tropicultor. This technology 
can be recommended for commercial production.

Sl. 
No.

Parameters Location of trial

Central Farm, OUAT, Bhubaneswar Village–Kansapal, Bangiriposhi, May-
urbhanj

vii) Av. Depth of cut (cm) 9.8 9.2

viii) Av. Working width (cm) 72 70

ix) Actual field capacity 
(ha/h)
                                  (h/ha)

0.092
10.87

0.095
10.53

x) Field efficiency (%) 68.25 70.48

xi) Fuel consumption        l/h
                                    l/ha

1.10
11.96

1.13
11.89

Fig. 3: Demonstration of the Bullock drawn rotavator in Central 
farm, OUAT and Farmer’s Field, Kansapal, Bangiriposhi, Mayurbhanj 
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Development of Backpack Type Air Assisted Electrostatic 
Sprayer

Bharat Patel1, Manjeet Singh2, Pramod Kumar Mishra3, G S Manesh4 and Karun Sharma5

1Ph.D Scholar cum Senior Research Fellow, 2Senior Research Engineer, 3Ph.D. Scholar, 
5Senior Research Fellow, 4Senior Research Engineer cum Head, 

Department of Farm Machinery and Power Engineering, PAU, Ludhiana

Introduction:
Crop protection is most important operation of 
crop cultivations and in this contrast the chemical 
method of plant protection is comparativelyefficient 
method. But the problem of over dosage of 
pesticide is common and its application leads 
to many problems such as chemical waste and 
environmental pollution from spray drift. Small-scale 
farmers usually apply dilute pesticide solution using 
a knapsack sprayer with a hydraulic nozzle. This 
technology is simple but has several disadvantages. 
Spray distribution is poor and labour cost is high. 
There have been many approaches to reduce the 
amount of pesticide applied in agricultural spray. The 
recent concept of spraying is to spray the target pest 
more efficiently by selecting optimum droplet size 
and density for maximum retention and coverage. 
Entomologist suggest that optimum droplet size 
for maximum retention with an aqueous solution 
is to be 100 micron or less and such a reduction 
in droplet size would also improve coverage due 
to an increase in the number of droplets with the 
same application rate Thus, if drift is not a problem, 
a decrease in droplet size increases retention and 
coverage.Societal environmental concerns as well as 
economics require precision placement of chemical 
to accomplish efficient pest control. Conventional 
spraying technology depending on gravity and 
spray droplet inertial forces often achieves less 
than 50% deposit of the total spray on the plant 
targets. Hence, air-assisted and electrostatic spray 
technology is better to achieve more penetration 
of spray and more uniform deposit on the plant 
canopies, particularly on the undersides of leaves 
where pest resides.

Electrostatic sprayer works on the principle of 
Coulomb’s Law that opposite charges attract each 
other and due to the effect of induction an opposite 
charge is induced on target. The charged spray 
droplets are attracted by the positively charged 
leaf surface. Once the leaf has been adequately 
covered by spray material, the positive charge on 
the leaf dissipates allowing other droplets to find 
places in the canopy that have not been covered. 
This precise and advanced method of electrostatic 
spraying  which based on electrostatic force, would 
offers a possible solution to those environmental 
problems by managing spray drift and enhancing 
coverage of chemical to target plant more 
efficiently. Electrostatic charging of small droplets 
has been considered as a possible way to increase 
the deposition of small droplets. The attraction 
between small, charged droplets and the plant 
canopy is expected to provide the additional force 
to move droplets toward the plants and resist drift. 
Several studies with electrostatic spraying indicated 
reductions in drift deposits up to 40 percent. 
The electrostatic principles have been employed 
successfully in applications for enhanced on–target 
and reduced off–target deposition of spray.

Electrostatic Sprayer: - This electrostatic sprayer 
is abackpack type air assisted sprayer powered by 
a 6.5 HP engine with an on-board compressor to 
produces pressurized air(up to 4.5 kg/cm2) which 
passes through conducting hose and used to 
atomize and deliver the liquid spray to the target 
plants. The electrostatic sprayer is equipped with 
a 15 L liquid tank which is hang on the operator’s 
back. Electrostatic spraygun comprised different 
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sub-assemblies like nozzle, trigger, liquid filter, air 
filter and a battery pack. For charging the spray 
particles in the nozzle, two 9.0 V rechargeable 
batteries have been provided to develop output 
voltage of about 3.0 kV with charge to mass ratio 
of about 3.5 mC/kg of spray material. The nozzle 
assembly is located at the end of the spray gun. 
The spray gun was hand triggered by the operator 
during spraying. Air and liquid entered separately at 
the outermost of the nozzle. Just before leaving the 
nozzle, the air hit the liquid stream to atomize it into 
spray droplets that passed through the charging 
ring. The average discharge rate was observed to 
be 10-12 l/h for electrostatic nozzle. The spray reach 
for the developed nozzle was in the range of 4.0-5.0 
m. Field capacity of the electrostatic sprayer varies 
from 0.15-0.18 ha/h.

Field Performance Results: Based upon the field 
trials conducted, it was observed that for electrostatic 
sprayer about 87% of droplets were having diameter 
less than 100 microns with 69% droplets were having 
45 microns diameter as compared to knapsack 
sprayer having only 10% droplets with diameters 
below 100 microns. It has been found from previous 
studies that droplet diameter below 100 microns is 
considered good for effective spraying. It was also 
observed that, only 14 number of the droplets/
cm2 were observed at the underside of top, middle 
and bottom leaves for knapsack sprayer but the 
electrostatic sprayer deposited 305 droplets/cm2 at 
the underside of top, middle and bottom leaves. The 
droplet density of electrostatic sprayer on the upper 
side of top, middle and bottom leaves was 89.4, 91.2 
and 91.1% higher as compared to knapsack sprayer 
respectively.The droplet diameter for electrostatic 

sprayers was found to be well below 100 micron but 
for the knapsack sprayer the average diameter of 
the droplets was near 150 micron. Droplet density 
of indigenously developed electrostatic nozzle 
was found to be 283 droplets/cm2 as compared to 
264 droplets/cm2 found for imported electrostatic 
nozzle but for the knapsack sprayer it was only 68.41 
droplets/cm2.Area based deposition on the upper 
side and underside of leaves by electrostatic sprayer 
was 80% and 85% more than knapsack sprayer 
respectively. But volume of spray deposited on the 
upper side of leaves by electrostatic sprayer was 18% 
lesser than knapsack sprayer and on the underside 
of leaves volume of spray deposited was 64% more 
as compared to knapsack sprayer. Average drift loss 
of electrostatic sprayer, electrostatic sprayer (Un-
charged) and knapsack sprayer was 24.84, 47.67 and 
52.53 cc/cm2 respectively.

The efficacy of the sprayer against whitefly mortality 
was observed as average population of whitefly 
adults at three leaves counted before spraying and 
numbers of whitefly counted 1, 3 and 7 days after 
the spraying. Average bio efficacy of the sprayer 
was calculated for the percentage of insects killed 
by the operation of spraying. For wide variation 
of years and locations of spraying the bio-efficacy 
of electrostatic sprayer was observed in the range 
of 52-85 % as compared to 31-66% for knapsack 
sprayer. Overall bio-efficacy of electrostatic sprayers 
i.e. 67.81% for imported electrostatic sprayer and 
60.90% for developed electrostatic sprayer was 
comparatively higher than hand operated knapsack 
sprayer (49.50%).The technology is cost effective, 
environmental friendly and promising to implement 
better spraying technique for cotton crop in future.

Fig. 1:  Operational view of backpack type air assisted electrostatic sprayer
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Developed Technologies for Mechanization of Different 
Agricultural Operations

Arun Kumar
Professor 

Department of Farm Machinery & Power Engineering 
College of Technology, G B Pant University of Ag & Tech, Pantnagar, Uttarakhand

Power Availability scenario in India
The decline in the availability of labour for farm 
works owing to their migration to industrial jobs 
and government support to the farmers in the form 
of high subsidies has given strong boost to the 
agricultural implement market in India. In recent 
years there has been significant decline in the use of 
human and animal power for agricultural activities. 
This has paved a way for range of agricultural 
equipment that has been introduced in the market. 
While the population of agricultural workers as 
percentage of rural population has gone down from 
about 69.4% in 1951 to about 55% in 2012. Share 
of agricultural workers in total power availability 
in 1960-61 was 14.7% which has reduced to 4.66% 
in 2013-14. The trend suggests that share of power 
from agricultural workers to total power available 
will further reduce in near future.  For meeting the 
increased demand of mobile power for timely farm 
operations and increased intensity of cropping, 
additional power is available mainly from tractors 
and power tillers. Thus, a need was felt to develop 
new technologies to provide impetus to farm 
mechanization. Some of the machines equipment 
developed at G B P UAT Pantnagar are described 
below:

Pant axial flow multi-crop thresher for hilly 
region
Pant axial flow multi-crop thresher for hilly region 
was developed by GBPUAT Pantnagar and works on 
axial flow principle.

Farmers in hill region use conventional method 
like hand beating,  trampling under animal 

feet for threshing crops which is tiresome, time 
consuming and labour intensive process. Therefore, 
development of small multi-crop thresher reduced 
the human   drudgery, saved time and labour. 

The developed thresher can be used for threshing 
of cowpea (lobiya), soybean, blackgram, wheat 
and paddy and the performance was satisfactory. 
In general, the best performance was obtained for 
cylinder speed 370-420 rpm (7.16-8.13 m/s) at 15 
mm cylinder concave clearance 

Specifications 
Capacity: 90- 130 kg/h, Weight : 125-150 kg, Power 
source: Single phase 1.5 kW electric motor/diesel 
engine, Material of Make: Mild steel

Pant axial flow multi-crop thresher for hilly region has been 
commercialized and the Non-exclusive licence for manufacturing 

and sale of multi-crop thresher given to M/s Jai Gurudev 
Industries, Rudrapur, U S Nagar, Uttarakhand
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Pant fertilizer band placement cum earthing 
up machine
Pant fertilizer band placement cum earthing up 
machinewas developed by GBPUAT Pantnagar.

Earthing up  is  an  essential  operation  especially  in  
maize   and sugarcane crop.  This prevents the plant 
from  lodging  and provides  better  stand  ability.  
Moreover,  it  also provides  anchorage  of  the  lower  
whorls  of  adventitious  roots  above  the  soil level  
which  then  function  as  absorbing  roots.  Earthing  
up  improves  yield  but is  labor  intensive    and  it  is  
done  by  hand  with  a  hoe,  spade  etc.  by farmers.

The evelopedfertilizerbandplacementcumearthing 
up machineconsistedof mainly,a rectangularfram
e,threesweeptines,sweeps,threeridgertines,ridge
rs,hitching system, fertilizer boxwithitsmetering 
system, twopipes for fertilizer band  placement, 
a grounddrivewheelforpowertransmission, The 
developed tractor operated machineperforms  
the  three  main functions;(i) loosening of the soil 
up to 200 mm depth and cutting the weeds, (ii) 
placement of chemical fertilizers on the surface of 
the soil near the plant at a distance of 50-100 mm 
sideways (iii) earthing-up the plant and covering 
thefertilizer.  H e n c e ,  e n s u r e s  mechanization of 
interculture, earthing up and fertilizer placement in 
wide spacing crops such as maize, sugarcane etc.. 
which is generally done manually. The machine 
offers the apparent  advantage  of timely  Earthing 
up, weeding,   saving  oftime,   fuel  and  labour   
costs  and  therefore,   helps educing the cost of 
production besides reducing the drudgery of the 
task.

Salient features:
yy Machine designed to perform continuous 

placement of fertilizer along  the row crop, 
earthing up and cutting weeds operation, 
simultaneously

yy Suitable for crops having more than 0.50 m row 
to row spacing such as maize, sugarcane, etc.

yy Satisfactory performance evaluation in Maize 
and Sugarcane 

yy Top dressing of  urea fertilizer at 50 to 100 mm 
from the plant

yy Urea fertilizer application rate range from 60 to 
250 Kg/ha 

yy Considerable saving in fertilizer, time (about 10 
times faster as compared to manual earthing) 
and labour   over traditional method

yy Operated by tractor of about 26 kW and above, 
Field capacity of machine 0.65 to 0.76 ha/h while 
field efficiency 84.4% and Fuel consumption 7.2 l/h                                                                                

Developed machine

Demonstration in sugarcane 

Demonstration in maize crop

Pant wing subsoiler with leading tines/Pant 
ICAR Subsoiler cum differential rate fertilizer 
applicator
Pant wing subsoiler with leading tines was 
developed by GBPUAT Pantnagar which is used for 
breaking of soil hard pan and subsoil loosening. 
Subsoil compaction is caused by movement of 
heavy machineries like combine harvesters, tractors 
and other heavy farm equipment as well as by 
natural processes. One of the reasons for stagnation 
in productivity of crops at certain location may 
be due to presence of compacted soil layers. A 
comprehensive review on subsoiling and its effect 
on soil properties and yield response of various 
crops revealed substantial increase in their yields 
over a wide range of soil types. Subsoiling improves 
soil structure by establishing a system of deep cracks 
and fissures in the subsoil which aid the downward 
movement of water, air and roots through a greater 
depth of soil profile. 

The developed subsoiler has one main tine and two 
shallow leading tines and depth control device.   It 
is used for soil hardpan bursting to a depth of about 
0.50 m and creates 2-3 times more soil disturbance 
as compared to conventional subsoilers resulting 
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in reduced specific draft. The data of experiments 
on subsoiling conducted at GBPUAT Pantnagar 
revealed increase in yield of wheat  (13 %), Maize 
(16 %)  and Potato (12 %). The wing subsoiler with 
leading tines was further modified for deep and 
differential fertilizer application by providing a 
fertilizer box and suitable metering mechanism.

Specifications 
Field Capacity  : 0.2 ha/h

Depth of operation : upto 55 cm

Power source  : > 45 kW tractor

Fertilizer placement : 80 %  at 20-25 cm depth  
      and 20 % between

      40-45 cm

PANT SUBSOILER-CUM-VERMICOMPOST 
AND SOIL AMENDMENTS APPLICATOR
Pant Subsoiler-cum-Vermicompost and Soil 
Amendments Applicator’ was designed and 
developed in the Department of Farm Machinery 
& Power Engineering. The developed equipment 
is capable of placing both organic manure 
(vermicompost, FYM etc.) and inorganic fertilizers 
as well as soil amendments (lime, gypsum, rice-husk 
etc.) at depths varying from 20-40 cm.

The equipment consists of a straight leg winged 
suboiling tine, a fertilizer hopper with vertical screw 
conveyer  for metering, power transmission to the 
metering system through tractor PTO and a gear 
reduction unit, a pair of depth control wheels and 
a rectangular frame with hitching arrangement. 
Breaking of subsoil pan as well as applying organic 
manures and inorganic fertilizers in subsoil zone 
is necessary to improve its structure and nutrient 
uptake.

Pant ICAR Subsoiler cum 

Pant wing subsoiler with leading tines differential rate fertilizer 
applicator

Pant Subsoiler-cum-Vermicompost and Soil Amendments 
Applicator

The application rates of vermicompost at different 
states viz. original, adding water (moist) and air 
dried at different forward speed of tractor i.e. 2.0, 
2.5, 3.0 and 3.5 km/h was is 2.84, 2.46, 1.79, 1.27 t/ha, 
and 1.79, 1.35, 1.25, 0.81 t/ha, and 3.01, 2.59, 1.97, 
1.44 t/ha respectively.
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Pant Self propelled boom sprayer for Intra 
canopy spraying
It is estimated that, diseases, insects, and weeds 
together annually interfere with the production 
of, or destroy, between 31 to 42% of all crops 
produced worldwide. Plant protection chemicals 
currently cover about 30% of the total cultivated 
area in India, of which insecticides account for 
61.39% followed by fungicides (19.06%), herbicides 
(16.75%) and others (2.80%).

Most of the Indian farmers have marginal and small 
land holding which makes it difficult to operate a 
tractor drawn sprayer in those fields. Acute labour 

The result of field test showed that, as the speed of the travel was increased from 1.5 to 2.5 km/h, the leaf 
area coverage decreased from 30.3% to 15.37% for the upper part of the leaves and from 18.9% to 4.12 % for 
underside of the leaves, respectively

shortage along with higher labour wages makes 
manual spraying costly. Most of the sprayers spray 
the solution from the top leading to improper 
distribution of the chemicals in the crop. The leaves 
and canopy that are exposed receive most of the 
chemicals, while those parts which lie beneath 
receive less or no chemicals at all. The underside of 
the leaves also go unnoticed during spraying. The 
insects or pests that remain inside or underneath 
the canopy cover are not affected by the spray. It is 
difficult to achieve under leaf coverage with normal 
spraying operations. Therefore, this machine was 
developed 
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Abstract
Over the years, there is a gradual realization of 
the key role of women in the field of agricultural 
development. Agriculture bears great significance 
in the hilly region of Himachal Pradesh, because 
more than 80 percent of the population living in 
rural areas depends directly or indirectly on it.  
Majority of these ruralites are either cultivators or 
agricultural labourers. The food grain production in 
the state is stagnating at about 1500-1600 kg/ha for 
the past one decade in spite of providing modern 
inputs like seed, fertilizer etc. This is because of poor 
resource availability in different form. Presently, 
farm power available from different sources was 0.9 
kW/ha which is quite low for timely operations in 
which the total contribution of animate power was 
maximum i.e. 60 % in hill farming. In hill agriculture 
workers are extensively engaged in carrying out 
various field operations. Here productivity of 
workers is less, drudgery involved is very high and 
safety is concern. Hill agriculture mainly includes 
valley cultivation, terrace cultivation and growing 
crops and orchards on slopes. Carrying of inputs to 
fields and produce to roads involve severs drudgery. 
To enhance output and reduce drudgery of women, 
certain long term strategies through engineering 
intervention like introduction of mechanical power 
source and ergonomically improved farm tools 
and implements is the need for sustainable hill 
agriculture. This will be possible by establishing 
an Advanced Centre for Hill Mechanisation or 
independent Institute equipped with modern 
gadgets and suitable scientific manpower.

Introduction
In hills of Himachal Pradesh, rural population is 
about 90 % and doing mainly farming to make their 
life better and comfortable (Anonymous 2013). This 
shows that farming has always been the main stay 
of the economy of the state. On the other hand, the 
rural youths are not interested to do the farming 
with present resources at their farms as it is time 
consuming, cumbersome and not upto the dignity 
after getting the proper education. Presently the 
literacy rate of the state is more than 85 %.  In farming, 
the farmers are still using primitive conventional 
tools and equipments drawn by manual and animal 
power which involve severe drudgery. The manual 
force is the major power for hill agriculture in which 
about 60 % of the power met out by the women 
folk. By 2020, the ratio of agricultural workers to 
total workers will go down to 40 per cent from 52 
per cent at present, though the number of workers 
will remain same that is around 240 million, of these 
about 50 per cent will be women worker (Gite, 
2012). The use of animal power is limited to land 
preparation. To modernize the farm in our country, 
numbers of agricultural hand tools, implements 
and machineries have been developed but they 
have, by and large, helped men folk in carrying 
out various farm operations. Besides, the tools and 
equipments were also developed for women folk 
to make the operations easier specifically for plain 
regions (Singh et al 2009). Rural women form the 
most important productive force in the economy of 
Himachal Pradesh. The women folk working most of 
the time in hill agriculture using primitive tools and 
implements which are not ergonomically designed 
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as per their physique in various operations and 
they have to work under the adverse conditions 
of drudgery. The plight of women can be well 
imagined by the fact that during the seedbed 
preparation (after harvesting paddy crop), when 
the men plough the fields with soil stirring plough, 
the women crush the clods with the help of wooden 
clod hammers. More than 80 % area is rain fed where 
cultivation is not possible without appropriate 
moisture content in the field. This also forced the 
farmers to complete the various farm operations in 
shorter duration. Thus there is a need to introduce 
appropriate improved tools and equipments for 
hills so that the drudgery of hill farm women in 
various farm operations could be reduced and the 
productivity will be increased. There is also a great 
need for ergonomic analysis of various operations, 
to study the fatigue and musculoskeletal problems. 
Therefore, improved productivity and health are 
expected benefits out of drudgery reduction 
through technology interventions. This paper 
illustrates the importance and need of appropriate 
farm mechanization particularly for women and its 
relevance to the sustainable hill farming. 

Scenario of Hill Agriculture
Himachal Pradesh is located on a sloping terrain 
of Himalayas, having snow clad mountains, rolling 
hills and valleys which permit the cultivation of a 
wide variety of crops and fruits. The elevation of the 
state widely ranges from 350 m to 6975 m above 
mean sea level. On account of the wide variations 
in altitude and topography, the state has broadly 
been divided into four zones, viz. Sub-montane and 
low hills sub-tropical, mid hills sub humid, high hills 
temperate wet and high hills temperate dry. 

All the zones have good potential to grow various 
agricultural crops such as maize, paddy, wheat, 
barley, mustard, pulses and different vegetables; and 
horticultural crops such as apple, kinnow & citrus 
fruits, walnut & dry fruits, tea etc. The information 
regarding area, production and average yield on 
main agricultural and horticultural crops grown in 
the state is given in Table 1. The yield per unit area is 
quite low for most of the cereal crops.  

Table 1.  Area and production of main crops in Himachal 
Pradesh.

Crops Area, 
000 
ha

Produc-
tion, 000 
MT

Av. 
Yield, 
kg/ha

Agricultural Crops

Rice 76.7 118.3 1540

Wheat 360.1 381.2 1060

Maize 298.8 676.6 2260

Barley 22.6 20.5 910

Rape seed and mustard 8.9 2.37 260

Linseed 0.7 0.15 210

Potato 11.8 152.9 12960

Other vegetables 67.9 1356.6 19980

Horticultural crops

Apple 101.5 892.1 8789

Citrus fruit 22.3 28.7 1287

Walnut and dry fruit 11.1 3.6 316

Other fruits 76.4 103.4 1353

Source: Statistical Outline of Himachal Pradesh (2013)

a.  Status of farm power sources and implements
The power sources and the implements used for 
agriculture in Himachal Pradesh are shown in 
Table 2. The major power source for hill agriculture 
is bullock which is approximately 0.54 million 
for operating the plough. The most common 
implement is plough, which are more than 0.63 
million and replacing the indigenous plough with 
passage of time. The other implements used by the 
hill farmers are electric pumps and threshers. It is 
evident that the hill farmers are not using seed drill 
for sowing, wheel hoe for interculture and reaper for 
harvesting.  Mostly traditional tools are being used 
such as spade, plough, wooden hammer, breaking 
clods, hand hoe (Khuntee), kudali, rake, plain sickle 
etc, for land preparation, weeding, clearing and 
other farm operations. The breaking of the clods 
and paddy transplanting need higher women force 
(Fig. 1) and has to exert maximum force for good 
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preparation of land and transplanting. Thresia, 2004 
also revealed that tedious manual activities such as 
transplanting, weeding, harvesting, transporting, 
threshing, drying was wholly done by women and 
on an average, they got three and half months of 
work in a year. Harvesting was completed with 
both traditional and serrated sickles. About 50 per 
cent of respondents were aware of serrated sickles. 
Maximum number of respondents completed 
threshing with the help of oxen and storage was 
done in metallic bins.

Table 2.  Number of power source and implements in 
Himachal Pradesh.

Type of power 
source

Num-
ber

Type of imple-
ments

Num-
ber

Bullocks 543767 Tractor 6966

He-buffaloes 1139 Diesel Engine 3664

Mules 18985 Electric pumps 7325

Yak 1705 Plough 631470

Donkey 7376 Thresher 19458

Horses & ponies 13155 Bullock Cart 2404

Source: Statistical Outline of Himachal Pradesh (2013)

The field capacity of soil stirring plough was 0.023 
ha/h.  Similarly, the field capacities were 0.009, 
0.003, 0.008 ha/h for clod breaker, Khuntee, sickle, 
respectively. Farm women using these tools and 
implements had reported that these tools are much 
heavier, gave too much fatigue and were not easy to 
operate. In addition, proper posture could also not 
be achieved while working with these tools.

b.  Availability of power from various sources 
The farm power available from different sources 
was 0.90 kW/ha which is quite low for timely 
operations (Table 3). Studies show that the farm 
power requirement is 2 kW/ha for getting the better 
production (Srivastava, 1999). It is also clear from 
table that the total contribution of animate power 
was maximum i.e. 60 % in hill farming. To meet 
the requirement of farm power, there is a need to 
supplement the appropriate mechanical power for 
timely and precision farming as well as reducing the 
women drudgery involved in various operations.

Table 3. Availability of farm power from various 
sources in Himachal Pradesh.

Power 
Source

Num-
ber 

Lakhs

Total 
power, 
Lakhs 

kW

Avail-
able 

power, 
kW/ha

Contri-
bution of 
power, %

Human 20.50 1.53 0.27 31

Animals 5.44 1.42 0.26 29

Tractors 0.07 1.83 0.31 34

Diesel 
Engine

0.04 0.24 0.03 3

Electric 
Motors

0.07 0.26 0.03 3

Total 5.28 0.90 100

c.  Farm women involvement
 Human power involvement is one of the 
most important factors in various agricultural 
operations for determining the drudgery. Figure 
2 shows the percentage gender participation in 
various agricultural operations. 

It is evident from the figure that 60- 80 % women 
were involved actively by contributing in clod 
breaking, sowing, manuring, transplanting, 
channel making, interculture, fertilizer application, 
harvesting, plucking, grading and transporting the 
fodder and produce of farm whereas 100 % men 

Fig. 1. Traditional field preparation and transplanting
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were engaged in ploughing, puddling and planking 
etc. 

Modern and Suitable Farm Technologies for 
Hills
To mechanize the hill farming, the technology 
available is quite scanty as well as not matching to 
the women folk involved in the various operations. 
Few studies carried out in mechanizing the hill 
agriculture with the help of improved tools and 
equipments for reducing the drudgery of women 
are enumerated below:

a) Power tiller rotavator: The rotavator was found 
good for land preparation (Fig. 3) as well as 
very effective in puddling operation.  By using 
rotavator, the 60 per cent time and 80 per cent 
labour can be saved with reduced drudgery to 
women folk. The other benefit of rotavator was 
better tilth and could also be used on custom 
hiring as entrepreneur.

b) Seed drill/ paddy transplanter: Manual 
drawn seed drills and multicrop planters (Fig. 
4) were very good equipments for sowing 
maize, soybean, wheat etc. with precision 
and timeliness of operations. Similarly paddy 
transplanter could save labour and time with 
minimum drudgery. The results also indicated 
10-15 per cent higher production by using seed 
drill /planter (Vatsa and Singh 2010).

Fig. 2.  Gender participation in various agricultural activities

Fig.3.  Power tiller in operation

Fig. 4. Seed drill and paddy transplanter in operation

c) Wheel Hoe: For inter-culture, wheel hoe 
was recommended for use in row crop i.e. 
wheat, soybean, maize by farm women as this 
implement can cover five times more areas with 
less drudgery as compared to khuntee.

d) Sickle/cutter: All serrated sickles and power 
operated cutter (Fig. 5) have 20-50 per cent higher 
capacity than local plain sickle for harvesting of 
crops. Serrated sickle manufactured by Falcon 
Tools was found best among all the available 
serrated sickles.For harvesting maize crop, a 
power operated bush cutter cum crop reaper has 
been found three times better than traditional 
harvesting. The capacity of bush cutter was 
0.028 ha/h.
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e) Vegetable plucker: The low cost tool for 
harvesting vegetable is liked by farm women. 
The plucker (Fig. 6) can save time, cost and 
drudgery compared to traditional harvesting.

Fig. 5.  Sickle and bush cutter for harvesting 

Fig. 6.  Vegetable plucker  Fig. 7.  Manually operated various maize shellers

f)   Paddy thresher: Paddy threshing with the help 
of pedal operated paddy thresher has shown 50 
per cent higher capacity as compared to beating 
method and requires minimum labour with less 
drudgery.

g) Maize sheller: Tubular maize sheller is a good 
tool for maize shelling. Farm women can easily 
adopt this tool because of low cost and high 
efficiency. However, the hand operated tubular 
maize sheller needs further modifications 
for firm grip mainly for use by the women. 
Horizontal and vertical cob shellers (Fig. 7) 
were also found 50 per cent higher efficiency 
compared to tubular maize sheller. 
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h) Grain cleaner: Hand and pedal operated grain 
cleaners developed by CIAE have been found 
good for cleaning of grain with 82 and 205 kg/h 
capacity, respectively.  This equipment can save 
80 per cent time of farm women.

Engineering and Ergonomical Intervention for 
Future Work 
Women folk play a very significant role in carrying 
out different farming operations in the hills and from 
the human stand point, it is not desirable to subject 
them to a lot of drudgery in undertaking such 
tedious tasks.  Certain suggestions for enhancing 
the output and reducing the drudgery of women 
and sustainable hill agriculture are given below:

yy Light weight power source and equipments

yy Ergonomically designed machines for women 
folk

yy Enhanced use of the available bullock power

yy Need of sowing through seed drill/planter

yy Carriage in an easy manner

yy Evaluation of horticultural tools

yy Setting-up of small scale industry and strong 
extension net-work

yy Organization of trainings/demonstrations/
Awareness camps

yy Need for an advanced centre for hill 
mechanisation

Conclusions
From this paper, it is concluded that role of women in 
various agricultural operations is much higher than 
men. Farm power available from different sources 
was 0.90 kW/ha in which the total contribution of 
animate power was maximum i.e. 60 per cent in hill 
farming. Farm women using traditional tools and 
implements had reported that these tools gave too 
much fatigue and were not easy to operate. Few 
tools and equipments developed, evaluated and 

recommended for hills in different operations are 
animal drawn clod breaker, power tiller rotavator, 
seed drill/multi-crop planter, wheel hoe, serrated 
sickle, bush cutter, paddy thresher, maize sheller 
and grain cleaner for  reduction of women drudgery. 

To reduce drudgery of women, certain long term 
strategies like introduction of mechanical power 
source and ergonomically improved farm tools 
and implements is the need for sustainable hill 
agriculture. This will be possible by establishing an 
Advanced Centre for Hill Mechanisation equipped 
with modern gadgets and suitable scientific 
manpower.
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INTRODUCTION :
Two thirds of cultivated area in India is under rainfed 
farming which is often influenced by aberrant 
weather conditions, by which the poor rainfed 
farmer suffers with low productivity and meager 
net returns.  The main aim of research in dryland 
agriculture is to increase net returns of the dryland 
farmer by improving the economic returns and by 
reducing the cost of production with minimum 
risk of crop failures, besides sustaining natural 
resources.  Groundnut is the most predominant 
oilseed crop, mostly grown under rainfed situation 
during kharif season.  Out of total area of 8 m ha in 
India, an area of 6.4 m ha is under rainfed situation. 
Most of the groundnut farmers are small and 
marginal besides being resource poor.  Because of 
poor economic status, the risk bearing capacity of 
rainfed groundnut farmer is low.

In Scarce Rainfall Zone of Andhra Pradesh, sowing 
of groundnut crop, an important operation is 
influenced by the amount of rainfall received during 
the sowing period.  With the limited amount of soil 
moisture available for sowing, sowing operation 
has to be completed within a short period.  The 
seed has to be placed in the moist zone for proper 
germination. In Ananthapuramu district has 90% 
area under rainfed conditions.Farmers cultivate 
groundnut solely under rainfed situation in large 
area during Kharif over an area of about 8 lakh ha 
and no scope for crop diversification. Small and 
marginal farmers are unable to maintain cattle pair 
due to shortage of fodder.  Some purchase a cattle 
pair at the time of sowing at an average rate of 
Rs.60,000/- per pair and sell them after harvest of 

the crop at an average rate Rs.30,000/- to 40,000/- 
incurring a loss of Rs.20,000/ to 30,000/- every year. 

The optimum time of sowing for groundnut is 
June to July. Timely sowing helps in achieving 
optimum utilization of seasonal rainfall, reduces 
the incidence of pests and diseases, and escapes 
terminal drought. Timely sowing helps in achieving 
optimum utilization of seasonal rainfall, reduces 
the incidence of pests and diseases, and escapes 
terminal drought. Results of the experiments (1996 
and 1997) revealed that intercropping of groundnut 
mixed pulses (redgram + cowpea + horsegram) 
in 15:1 row ratio not only arrested the runoff, but 
also increased the total returns by 17.8 and 8.5 per 
cent respectively over sole crop of groundnut. As 
the success of monocrop of groundnut was only 
once in three years, intercropping of groundnut 
+ Redgram (11:1/15:1) was introduced against 
vagaries of climatic conditions which resulted in 
higher net returns from the system compared to 
farmers’ practice of mono cropping/ intercropping 
of groundnut + Redgram with indefinite row ratios.

EXISTING PRACTICE:  
Though there are different bullock drawn and 
tractor drawn seed drills available for sowing 
groundnut there are certain technical problems 
in sowing groundnut as main crop and redgram 
as intercrop, maintaining the correct seed rate 
and seed placement of both groundnut and 
redgram. Groundnut + Redgram is most profitable 
intercropping system in drylands. Generally farmers 
use bullock or tractor drawn implements for 
groundnut sowing where as for redgram sowing as 
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intercrop they close one hopper/hole of implement, 
at corners and field bunds it is difficult for them 
to maintain or obtain uniform 7:1 or 15:1 row 
proportion. In order to get uniform main crop and 
intercrop row proportion at any place in the field it 
is necessary to develop and evaluate tractor drawn  
groundnut +  Redgram planter in 8:1 ratio.

TECHNOLOGY DESCRIPTION:
 Tractor drawn Ananta groundnut planter (8 row) was 
developed to mechanize the groundnut sowing for 
timely sowing without option for intercrop sowing. 
This implement was modified to nine row planter 
so that one middle row for intercrop of Redgram 
sowing simultaneously. This nine row planter with 
middle row for Redgram and four rows on either 
side for groundnut  enabling 8 rows of groundnut 
+ one row of Redgram inter cropping system (8:1). 
A 5 cm width covering blade is also fitted behind 
the furrow openers to cover the furrows after seed 
placement. The inclined disc plate seed metering 
mechanism gives correct seed to seed distance 
and maintains the recommended seed rate of 90 
to 100 kg/ha with 2kg of Redgram. It covers 8-rows 
groundnut + one row of Redgram (8:1) at a time. The 
spring tyne cultivator of this planter facilitates in 
stony slopy soils. The cost of Ananta inter cropping  
planter is approximately Rs.70, 000/-. 

PERFORMANCE:
Ananta intercropping planter maintains the 
recommended seed rate and correct plant 
population. The seed damage is negligible and 
placement of seed is at proper depth of 4-5 cm. The 
field capacity is 6 to 7 ha/day and can cover large 
area before the soil moisture is dried up. Its cost of 
operation is Rs. 1000 /ha. The germination and plant 
population was to the full satisfaction of the farmers. 
Additional net returns of Rs.7314 ha-1 was recorded 
by Groundnut +Redgram intercropping (8:1) system 
compared sole crop of groundnut.

Table 1. Performance of Groundnut + Redgram (8:1) 
planter.

Treatment Initial 
popula-
tion/
m2

Final 
popula-
tion/ 
m2

Pod 
Yield 
(kg/
ha)

Haulm 
yield 
(kg/ha)

Groundnut 32 23 1316 2218

Redgram 8 5 138 379 
(stover)

Crop Yield (kg/
ha)

GEY 
(kg/
ha)

RWUE 
(kg/ha-
mm)

Net 
returns 
(Rs/ha)

B:C 
ratio

Ground-
nut (sole)

1316 1316 3.67 40225 1.79

Ground-
nut + 
Redgram 
(8:1)

1247 
(Ground-
nut)
138 
(Redgram)

1488 4.72 47539 1.91

Anantha Planter (8 rows)

Ananta Groundnut + Redgram intercropping (8:1) planter

Groundnut + Redgram intercropping (8:1)



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

182

Modification of Three Point Linkage System of Medium 
Tractor Drawn Sowing Machines to be Operated by 

Mini Tractor

1  Dr R. Swarnkar, Professor  & Head, Deptt. of Farm Machinery and Power Engg. Department
2. Er. Kapil Mandloi, Asstt. Professor, Mechanical Engineering, Deptt. Of FMPE, CAET, Godhra 

3. Er. Yagnik Yoganandi ,SRA, Deptt. of FMPE, CAET, Godhra
DEPARTMENT OF FARM MACHINERY AND POWER  ENGINEERING C.A.E.T., A.A.U.,GODHRA

Abstract:
Most of the medium tractor operated sowing 
machines can be easily operated by mini tractor if  
slight adjustment is carried out in the three point 
hitching system of the machines along with front 
ballasting at mini tractor. By use of mini tractor to 
operate the sowing machine about 20 per cent  
saving  in sowing operation can be achieved as 
compared to medium tractor. The manufacturer 
of the sowing machines are also requested to 
follow the hitching specifications given below for 
fabrication of the new sowing machines so that 
these machines can also be operated by the mini 
tractor : (1) Maximum distance between lower 
hitching points have to set in the range of 60-70 cm 
and (2) Vertical distance between top hitching point 
and lower hitching point have to set in the range of 
50-60 cm. 

Introduction
Mechanization in agriculture refers to the use of 
machines in agriculture to ensure reduction of 
drudgery associated with various farm operations 
as well as timely sowing. In India, there were more 
than 80 percent farmers have less than 2 ha of land 
so, economically it was not feasible for them to own 
big tractor for their farm operations. Most of farmers 
were purchasing and using tractors of 35 to 45 hp 
which were overpowered for small land holding .For 
economical use at least 70% of the tractor power 
must be utilized for farm operation.The population 
of medium size tractor in India was maximum as 

compared to other ranges of tractor powers.  Mini 
tractors have approximately half cost and 30 to 
40 percent less operating cost than medium sized 
tractors. So, it is the duty of researchers to introduce 
a low cost technology to perform various farm 
operations with mini tractors for small and marginal 
farmers. Therefore The study of the three point 
linkage system of the sowing machine is carried 
out and some modification has been suggested to 
make compatible most of  sowing machines with 
mini tractor and can be easily operated by the mini 
tractor

Objectives:
1.  To study various available sowing machine for 

three point linkage system.
2.  To evaluates performance of zero till drill using 

medium size tractor (35 to 45 hp).
3.  To assess the suitability of mini tractor to operate 

& evolutes performance of zero till drill.  

Materials and Methods:

Experimental site:
Experiments were conducted in the field of 
Agricultural Engineering and     Technology, Anand    

Agricultural University Godhra, District: Panchmahal.

Experimental Technique:
All the parameters of the tractor-implement 
performance were measured and recorded as per 
the recommendations of RNAM test codes and 



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

183

procedures for farm machinery technical series 
(1995).The tractor was used Yuvraj (15hp),Sonalika 
(35hp) & New Holland. The matching implements 
for sowing operation selected were used Multi crop 
planter and modular maize planter.

Parameter Studied:
One Commonly used implement was selected to 
investigate their effect on soil with respect to soil 
physical properties and implements performance 
for sowing operation. The various soil parameters 
like soil texture, soil moisture content, bulk density 
and machine parameters like field capacity, fuel 
consumption, draft and energy requirement, draft 
power requirement, travel reduction etc. were 
recorded and evaluated.

Results and Conclusions: 
yy The study of the three point linkage system of 

the sowing machine revealed that the sowing 
machines can be easily operated by the mini 

tractor, if the specification of three point linkage 
system were standardized as: (1) Optimum 
distance between lower hitching points should 
be kept as 70 cm and (2) Vertical distance 
between the hitching system of top link and 
lower link should be made at 60 cm. The Zero till 
drill was easily operated by use of Mini tractor. To 
make possible attachment of zero till drill with 
mini tractor lower link of the drill was changed 
from 75 to 55 cm. The top linkage spacing was 
standardized 0.70 m. These three point linkage 
systems provide versatility of use of the different 
farm tractors viz. Mini as well as medium size 
tractors. 

yy During the operation front ballasting of the mini 
tractor was required according to the weight of 
sowing machine however 100 kg front blasting 
was found appropriate. 

yy By use of mini tractor to operate the sowing 
machine about 20 per cent saving in sowing 
operation can be achieved as compared to 
medium tractor.
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Introduction
Potato is the king of vegetables and there is a 
huge demand of potato. After processing, there 
is a scope for higher returns in the form of wafers 
and other products from it. Day by day agricultural 
land is decreasing thereby a number of farmers 
are becoming small and smallThese farmers can 
not capable to meet the expenses for expensive 
farm mechanization. Big sized farm machinery 
requires high horse power tractors which increase 
the cost of cultivation.Tractors of less than 20 hp 
are economical as well as cost of cultivation can be 
reduced by these types of tractors(mini tractors) by 
using various matching implements. 

Objectives:
1. To develop a mini tractor drawn two  row semi-

automatic potato planter
2.  To fabricate semi-automatic potato planter
3.  To carry out performance evaluation  of semi-

automatic potato planter

Materials and Methods:
Design Considerations of Two Row Semi-Automatic 
Potato Planter

yy Seed Hopper (65 kg capacity)

yy Seed Metering Device (Aluminum round shaped 
disc of  35.7 cm diameter )

yy Power Transmission Wheel (Diameter 52 cm)

yy Frame (50 x 50 x 5 mm M.S. square section)

yy Fertilizer hopper (Holding capacity of 40200 
cm3)

yy Size of fertilizer hopper (w x b x h: 300 mm, 80 
mm and 500 mm)

Salient features:
yy The placement of potato tuber seed, drilling of 

fertilizer and formation of ridge are carried out 
in a single operation   

yy The capacity of the machine is 0.2 to 0.3 ha/h 
and machine works with the efficiency of about 
75%.

yy The cost of operation  is about 800 to 900 Rs/
ha and which is about 40% less as compare to 
medium size tractor operated potato planter 

The planter  has been recommended for small and 
marginal farmers for potato planting in the region 
by the State Agricultural Universities meetings.

Developed  two row mini tractor drawn semi automatic potato planter
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Results and Conclusions:
yy Calibration of planter:   Seed rate: 2283 kg/

ha, Mechanical damage test:    0.654 percent, 
Laboratory calibration of fertilizer:   700 kg/ha, 
Soil moisture content:     13.32 % , Bulk density:     
1.17 g/cc

yy The cost of the planter was worked out to be Rs. 
25805/- and it is found Rs.60000/- (minimum) 
in case of such type of medium sized tractor 
operated planter. 

yy The average depth of seed was 6.94 cm and it 
did not vary between the furrow openers, which 
indicated that the placement in the furrow 
openers were uniform. According to Ram (1975) 
the depth at which the seed must be planted 
to enable to get contact with a sufficient moist 
layer in order to ensure germination is generally 
5 to 10 cm. 

yy The placement of fertilizer was takes place 
prior to seed placement and depth of fertilizer 
placed was found 0.5 to 1.5 cm below the seed 
placement. 

yy The average fertilizer rate (kg/ha) during field 
calibration was found to be 700 which were 
under the limit of recommended fertilizer rate 
by Anand Agriculture University. 

yy Cost of operation of the planting decreased 
as speed of the operation increased. It was 
observed that the cost of operation per ha was 
Rs.1020 at the speed 2.1 km/h followed by Rs. 
838 at speed of 2.7 km/h and Rs.732 at speed of 
3.4 km/h. 

yy The cost of planting operation per ha in case 
of medium sized tractor was Rs.1529 at speed 
of 2.1 km/h, Rs.1416 at speed of 2.7 km/h and 
Rs.1220 at the speed 3.4 km/h.

yy Looking to the satisfactory working of the mini 
tractor drawn semi automatic potato planter it 
is recommended to be used for potato planting.
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Introduction
yy Shelling of maize cob is one of the hazards 

operation and most of the low acreage maize 
growers encounter several difficulties in shelling 
as it involves relatively high labour expenditure 
and human energy. 

yy Shelling has previously been accomplished 
either by rubbing the maize cobs against one 
another by hand or by direct removal of kernels 
with one’s fingers. The limitation of these 
methods is that these are not suitable for large 
amounts. The capacity is 10-20 kg/day and also 
results in serious bruising of human fingers.

yy Thus, the quest for a satisfactory cheap effective 
means of detaching the kernels from the cob is 
important to the small and even medium size 
farmers in the country. Now days, few motorized, 
tractor/power tiller operated machines have 
come into the market but the prices of these 
machines are not affordable to small and 
marginal farmers. 

yy Keeping in view all above points and necessity 
of such maize sheller for small land holding 
capacity farmers, the project was proposed to 
develop and evaluate the pedal operated maize 
sheller.  

Objectives:
1.  To study & evaluate presently available hand, 

handle and pedal operated maize shellers.
2.  To develop vertical feed pedal operated maize 

sheller.
3.  To evaluate the performance of developed 

sheller from capacity, efficiency, cost of 
operation, mechanical durability and ergonomic 
point of view

Material and Methodology:

Development of machine
The pedal operated machine was developed at 
college of agricultural Engineering and Technology, 
Anand Agricultural University, Anand during 2011-
2014. The first prototype of machine was developed 
and evaluated in 2011-12. The machine was modified 
and evaluated in 2012-13. Under this modification 
the height of shelling unit was reduced, the seat 
height and distance between set and machine was 
made adjustable, cover was provided for shelling 
unit and to increase the strength, stability and to 
improve the appearance, the frame of machine was 
made from square section instead of ‘L’ section. The 
shelling unit of machine was further modified in 
2013-14. It was made adjustable so that almost all 
size of the cobs could be easily shelled. The detailed 
specifications of the machine are described in 
following sections. The overall view of the machine 
is as shown in figure.

Frame: 
The Frame was made from of M.S. hollow square 
section in place of M.S. angle section with size 
40mm×40mm×2mm joined together by welding. 
The overall height, width and depth of the fame 
was decided by considering anthropometric data of 
agricultural workers of Gujarat. The overall height, 
width and depth of frame were 950mm, 650mm, and 
380mm respectively. The shelling unit was mounted 
on top of the frame. Dimensions were decided in 
such a way that it should provide comfort condition 
for operator, while operating the machine. 
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Collection unit: 
The collection unit was provided with 320mm 
height cover of 3mm thick acrylic sheetaround three 
sides of shelling unit and 160 mm height cover of 
acrylic sheeton feeding side of shelling unit. The 
arrangement restricted the shelled kernel to spread 
outside the tray and forces to fall them inside the 
tray. 

Seating Arrangement: 
The bicycle type seat was provided to facilitate the 
operator from where he could operate the pedal 
comfortably.  It was made adjustable so that the 
height of the seat could be adjusted from 600mm to 
720mm. The seat was also provided with horizontal 
adjustment for which two channel sections of width 
85mm and 75mm were used. By this arrangement 
seat was adjusted about 200mm horizontally.

Shelling Unit: 
The shelling unit was made it adjustable so that 
cobs having dia. from 20 mm to 60 mm could easily 
accommodate in shelling unit. To make it adjustable 
two slots on four octagonal sides of the sheller were 
made and fixed by loose screws. One spring was 
surrounded on the circumference of the shelling 
unit to bring it to its original shape after expansion. 
The sheller was mounted on disc of dia.130mm 
with adjustable bolts which move to and fro with 
expansion and contraction of shelling unit. The 
500mm extension was provided with four bolts with 
housing. The shellers were connected to vertical 
shaft of bevel gear which was rotated by bevel gear 
mounted on horizontal shaft. It is shown in Plate 6 
&7.

Power Transmission System
The power was transmitted to the shelling unit 
through chain-sprocket and bevel gear arrangement. 
The bigger sprocket having 44 teeth connected with 
the two pedals acts as driver and drives a smaller 
sprocket (driven) having 22 teeth (speed ratio 1:2) 
mounted on the main shafts and connected by 
chain. Two numbers of bevel gears and smaller 
sizes of sprockets were mounted on the main shaft. 
Other two bevel gears were meshed with bevel gear 
mounted on main shaft having speed ratio 1:1. By 
using this type of arrangement horizontal rotary 
motion was converted in to vertical rotary motion 
which was applied to the maize sheller. 

Evaluation of machine
The following table gives the details of performance 
evaluation of the developed pedal operated maize 
sheller

S. Parameters Male 
oper-
ator

Female 
opera-
tor

Avg.

1. Shelling rate (kg/hr) 71.45 51.54 61.50

2. % of unshelled kernels 2.05 2.04 2.05

3. % of  Broken kernels 0.02 0.02 0.02

4. Shelling efficiency (%) 97.95 97.96 97.96

5. Collection efficiency (%) 98.49 98.85 98.67

6. Through-put capacity (kg/hr) 91.37 64.21 77.79

7. Operating cost on wt. basis 
(Rs/quintal)

37.30 51.70 44.50

8. Operating Cost  on hr. basis 
(Rs/hr)

26.65 26.65 26.65

9. Percentage saving in the 
cost of shelling as compared 
with hand operated maize 
sheller(%)

65.55 76.60 71.08

The machine was approved by release committee 
and was recommended by State level meeting of all 
Agricultural Universities of Gujarat state in 2015.

Salient finding of the machine
(1)  The average kernel shelling rate was found 

61.50 kg/hr. The shelling rate of pedal operated 
maize sheller was found about 6 times higher 
than that of hand operated maize sheller. 

(2)  The average shelling efficiency of machine 
was found 97.96 %.  The shelling efficiency was 
increased by 2.45% in case of adjustable shelling 
unit. 
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(3) The average percentage of broken grain was 
found about 0.02% which was very less and 
negligible from which it could be concluded 
that shelling of kernel by the machine was done 
without causing any mechanical damage to the 
kernels.

(4) The average collection efficiency was found 
98.00% and 98.67 % in case of 2nd and 3rd 
prototype.  As compared to 1st prototype, it 
was increased by8 % due to modification in the 
collection unit.

(5) The adjustable shelling unit was proved more 
useful to detach the kernels from almost all 
diameters cobs. Also due to its expansion and 
contraction as per size of the cob, it required 
fewer grip to hold the cob at time of shelling 
which reduces brushing of hands.    

(6)  The percentage saving in the cost of operation 
of pedal operated maize sheller in comparisons 
with hand operated maize sheller was found  
71.08%. The cost of shelling of maize cob could 
be reduced by using pedal operated maize 
sheller, which would be proved economical and 
affordable to marginal and small farmers.
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Measurement Device
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Sher-e-Kashmir University of Agricultural Sciences and Technology of Jammu  
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The Background: Over the years the shift has 
been towards the use of mechanical and electrical 
sources of power in agriculture sector in India and 
farm power availability has increased about 700 % 
in last five decades. As per the article published in 
Times of India on 17 June 2015, Machines drives 
90% of power in farms and human share dips 
to only 5%. This mechanization is not only limited 
to field preparation, crop sowing, and harvesting 
and post harvest operations but in allied sectors 
related to agriculture production system. There are 
many parameters which directly or indirectly affect 
the crop productivity and soil compaction is one 
amongst them. This is an important physical limiting 
factor for plant growth and root emergence. A 
density increase translates into less pore space, less 
water available to plant, slower water transportation 
and a decrease in the root’s ability to penetrate into 
compacted zone as it seeks out water and nutrients. 
Soil compactness is one of the major factors of 
consideration for crop growth and base for many 
scientific studies. 

Soil compactness database of an area/particular 
region helps to relate the effect of compaction 
on crop yield parameters or with any other 
parameters of soil health. For soil compaction 
measurement, penetrometer is used and as per 
the recommendations for using a penetrometer, it 
should penetrate into the soil (generally upto 400 
mm depth for agricultural purpose) with a constant 
speed and in vertical position. However, in most 
of cases, penetrometer is used by different non 
technical agricultural workers and the penetration 
speed depends upon physical power of agricultural 

worker, desire to work, angle of entry of probe etc. 
Further, most of the time, it is difficult to penetrate 
the penetrometer inside the soil by one person, so 
more persons involved to apply the required force, 
which again increase complexity to acquire constant 
force for penetration of penetrometer inside the soil. 
Another method to obtain the soil density is by core 
cutter method which is labour intensive process. 

The above said limitations with hand operated 
penetrometer can be overcome by a power operated 
automatic penetrometer with recording device. This 
type of instrument increases the volume of data for a 
particular area and reduce human factor of error. This 
instrument will provide a database of compaction 
of research area in a particular research station, 
agricultural university, college, KVK etc. and this will 
help scientists to correlate the crop parameters to 
be grown and the research planning with authentic 
data. In addition to that, this data can be used in 
agricultural machine design with correlation of 
different crop parameters, recommendations for 
machinery for a particular area or crop. 

Therefore, a need was felt to introduce/design and 
develop a soil compaction measurement device 
with sensors which can use tractor’s hydraulic 
power to operate penetrometer with sensors 
and automatic data recording system which can 
give more authentic data in less time and reduce 
drudgery of workers. Further, it will upgrade the 
measurement instrument used by Indian scientific 
community for agricultural soil compaction so 
scientists can deal with the problems encountered 
due to unavailability of data. 
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The instrument reduces the errors to a minimum 
by accomplishment a constant penetration speed 
which is difficult for hand-held penetrometers due 
to spatial variations in soil penetration resistance. 
The instrument will increased the number of data 
of soil penetration resistance for a particular depth; 
it will reduce possibility of errors in comparison to 
hand-held penetrometers. 

The Working of Machine: A double acting 
hydraulic cylinder fixed on a frame attached to a 
tractor operates through hydraulic power of the 
tractor. A static cone penetrometer with a 300C 
cone (recommended by the American Society of 
Agricultural Engineers), as the standard measuring 
device for characterizing the penetration resistance 
of soils (ASAEa, 1999) is attached to hydraulic 

cylinder’s lower end through a s type load cell for 
measurement of load or resistance to the soil. The 
load/resistance (measured by the load cell) records 
by data logger as the probe/cone enters constantly 
into soil up to 600 mm controlled by a displacement 
sensor attached to probe. Operator of the machine 
(tractor operator) controls the entering and exiting 
of the probe into and out of the soil by a direction 
control valve fitted near the operator. 

The penetrometer’s cone starts moving towards 
the soil due to hydraulic force applied by tractor 
auxiliary hydraulic circuit and the displacement is 
gauged by the displacement sensor. The load sensor 
measures the force applied by hydraulic cylinder. 
The sensor sends the soil resistance force data 
(Cone Index Data) to the data logger corresponding 
to displacement and data is stored as cone index 
v/s depth of soil. These data can be processed in 
computer in the desired format. The penetrometer 
is pulled out from the soil by reverse flow of the fluid 
in the hydraulic cylinder by changing the direction 
control valve. The operator can take data at a point 
up to 600 mm depth. These soil compaction data 
corresponding to displacement can be represent in 
graphical form as shown in figure 4.

Salient Features of Developed Machine: 
yy This instrument uses use the tractor’s three point 

hitch and hydraulic system as a power source. 
yy This unit is used for research work to determine 

the cone index of soil in a fast and effective 
manner. 
yy It helps to take sufficient number of data with 

minimum errors. 
yy It maintains a recommended constant speed of 

penetration into the soil for obtaining data. 
yy It has less number of moving parts so less wear 

and tear of parts. 
yy It is an automatic sensor based instrument which 

reduces drudgery and process time involved in 
hand held penetrometers. 
yy It helps to provide more authentic data. 

Fig. 1: ModifiedconePenetrometer

Fig. 2: Modified cone penetrometer fixed with tractor hydraulic 
system

Fig.3: Proto type of Modified Penetrometer
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Introduction:
Maize (Zea mays) is one of the important crops in 
the state of AndhraPradesh,  cultivating in 9.72 Lakh 
hectares (Anonymus, 2014). The cost of cultivation is 
ever increasing owing to increased labour cost and 
land preparation cost, further delayed sowings due 
to a minimum of 20-30 days for preparing massive 
rice soils. This delayed sowing in rabi season causing 
low yields besides consuming 30% excess irrigation 
water.  DAATT Centre, Vizianagaram is popularizing 
low cost technologies like zerotillage method of 
sowing in maize. Although the method is cost 
effective and time  saving, has some disadvantages 
viz., drudgery involved in making holes with bamboo 
pegs and sowing there in,  requiring more number 
of labour for sowing operation and the sowing 
depth is not uniform hence emergence of seedlings 
is not uniform. Some more problems of zerotillage 
method as opined by farmers (Anonymus, 2013) are 
the machinery nowadays introducing is high cost, 
not suitable for small and marginal holdings, and 
servicing centers fir repairing machinery are not 
available in rural areas. Keeping these disadvantages 
in view certain possibilities has been testing like peg 
marker and so on eventually with designed, tested 
and refined a wheel marker which works successfully 
in small and marginal holdings under zerotillage 
conditions.

Methodology & Materials:
A wheel marker cum whole maker developed, 
refined and tested under field conditions. Front 
line demonstrations conducted in 3 locations in 
Vizianagaram district during rabi, 2012-13 and 2013-
14 to assess the impact of the Vijaya Wheel marker 
(fig 1) for Maize sowing under zero tillage conditions. 
The Vijay marker was assessed in comparisions with 
bamboo peg marker and farmers practice of land 
preparation and sowing of maize seeds behing 
bullock drawn wooden plough (county plough). 
Various observations like plant population, number 
of irrigations required, number labour required for 
sowing operation, grain yield were made and BC 
ratio was calculated. 

The machine (Vijaya Marker) Desigh: A spherical 
wheel made up with 6 feet length and 5 mm 
thickness and 6 cm wide iron bar. A hub with ball 
bearings is fitted at centre of the wheel with support 
of 6 mm thin iron rods. Over the periphery of the 
wheel iron rods of 2.5 inches length and 1 inch 
thickness pointed at outer end were welded at 20cm 
interval to facilitate making uniform 2 inch deep 
holes at 20 cm interval on rice fallow land. Relatively 
more thick iron rods (1.5 inch thick) and 2.5 inch 
length rods were fixed in-between to facilitate the 
fertilizer application between seeding places. A 
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suitable handle is fitted to the wheel to facilitate its 
easy movement in the field. A pair of plate wheels 
(roughly 25 cm Diameter) are fitted in both side of 
the wheel to Hubs axel at the distance of 60 cm..
These wheels facilitate line marking for the next line 
of wheel marker cum hole maker.

Mode of operation: The wheel marker is pushed 
using handles easily with very little force forward in 
a line on the rice fallow conditions when the field 
has optimum moisture for sowing. The line to line 
interval is 60 cm (2 feet). It opens uniform holes of ¾ 
inch diameter and 2 inch deep to facilitate seeding 
of Maize. Similarly in between seed holes relatively 
more size holes are formed to facilitate application 
of basal dose of fertilsiers. Since the Vijaya maker 
is having hub with ball bearings it offers very less 
drudgery while working and is farmwomen friendly.

How to work with Vijaya marker in the field:
In Rice fallow field with optimum moisture for seed 
germination, the Vijaya marker is pushed forward 
from one side of the field preferably in East- west 
direction at 60 cm interval. It will open uniform 
holes of ¾ inch diameter and 2 inch deep to facilitate 
seeding of Maize. Similarly in between seed holes 
relatively more size holes are formed to facilitate 
application of basal dose of fertilsiers. Maize seed 
one each to be sowing in seed holes (smaller holes) 
and basal dose of fertilsier to be applied in larger 
holes. The seed and fertilizer holes are to be closed 
after subsequent application of the material. 

Weed management: A weedicide combination of 
Atrazine @ 1.25kg/ac + Paraquat @ 1 lit/ Ac mixing 
in 200 lit of water to be sprayed uniformly at 2nd day 
after sowing. 

Benefits of the Vijaya marker
1. Suitable for small & marginal holdings
2. Low cost (approximately Rs.600/-)
3. Less drudgery, hence pecially suits for women 

farmers.
4. Less repairs and maintenance.
5. Convenient for women farmers and women 

farm labour
6. Less drudgery
7. Optimum plant density can be maintained
8. Basal dose of Faertilisers can be applied 

simultaneously with seeding.
9. Low cost of cultivation compared to farmers 

practice.

10. Proper spacing between plant will be maintained
11. Can be modified to suit the sowings of Cotton, 

Sunflower, Redgram etc.
12. About 1.5- 2 acre can be sown in a Day with ease.
13. Easily carried to even remote areas.
14. It can be made in local welding shops.

Results & Discussion:
Labour Requirement: Six women laborers needed 
for sowing of Maize under zero tillage with Vijaya 
wheel marker, while 10 labour for sowing with 
bamboo pegs and 4 labour plus two paires of catlle 
are required under farmers practice method of 
sowing maize seed behind plough. Fast and uniform 
holes formed with vijaya wheel marker would have 
made relatively less laour requirement for maize 
sowing operation.

Quantity of seed required: Marginal seed saving 
was recorded when sowing with vijaya wheel 
marker under zerotillage conditions in rice fallows 
compared to sowing with bamboopegs and farmers 
practice with soil tillage.

Plant density: Optimum plant density of 7.4 plants/ 
sq m was recorded with Vijaya wheel marker 
method which is comparable with sowing with 
bamboopegs, however farmers practice recorded 
low plantdensity. The low plant density in farmers 
practice is due to the non-uniform dropping of the 
maize seeds behind plough and some of such sown 
seeds could not cover with soil, thus germination 
reduced to certain extent.

Number of irrigations required: Under both the 
methods of zerotillage (Vijaya wheel marker and 
bamboo pegs methods), five irrigations were 
sufficient to complete the crop period, however it 
was seven irrigations needed under farmers practice 
of soil tillage plus sowing maize seed behind 
plough. After Rice crop the soil needs a minimum of 
20- 30 days to fit for tillage and thus delayed sowing 
under farmers practice causing shifting of the 
Maize season one month late towards relatively dry 
periods (March/April) where it required relatively 
frequent irrigations.

Maize Grain yield Benefit cost ratio: Highest 
grain yield of 8656.26 kg /ha was recorded Maize 
sowing under zerotillage with Vijaya marker, which 
is comparable with bamboo peg markers and 
significantly higher when compared to farmers 
method of sowing in tilled soils behind country 
plough. Benefit cost ratio followed the similar trend
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Tab:1 Impact assessment of Vijaya wheel marker viavis peg markers and farmers practice on plant density, irrigation 
requirement, Maize grain yield and B/C ratio (Means of 2012- 13 and 2013-14)

Observations recorded Sowing with Vijaya 
marker in Zerotillage 

condition

Sowing with bam-
boo pegs in zero 
tillage condition

Sowing behind country plough 
after land preparation(Farmers 

practice)

Labor required for sowing 
one acre

6 10 4 labour & 2 pairs of cattle

Quantity of seed required per 
one acre (kg)

7 7.67 8.67

Plant density per square 
meter.

7.4 7 6.3

No of Irrigations 5 5 7

Yield per Ha (kg) 8656.25 8470 7531.25

BC ratio 2.41 2.26 2.01

Anonymus 2014, Vyavasaya Panchangam, a treatise of 
Crop husbandry in Telugu language, Acharya, NG 
Ranga,Agricultural University, Andhra Pradesh. 

Farm women Operating Vijaya marker during Maize sowing in Rice fallows under zero tillage 
method.

Maize Crop sown with Vijaya marker at seedling stage Maize Crop sown with Vijaya marker at knee high stage

Vijaya wheel marker  (Fig-1)
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Abstract
Sugarcane is the second most important agro-
industrial crop of the country and is the only 
raw material for nearly 538 sugar mills (2014 15) 
producing about 28 million mt of sugar annually 
apart from being the predominant source of potable 
alcohol, industrial alcohol and fuel ethanol. In 
India, 35 million farmers are engaged in sugarcane 
cultivation and another 50 million depend on 
employment generated by these 538 sugar factories 
and other related industries using sugar.

Human labour is an important factor in sugarcane 
production which requires about 250 to 400 labour 
man days per hectare. Most of the cane operations 
are carried out manually and the use of machinery is 
limited only for field preparation. The human labour 
costs more than 50% for labour intensive sugarcane 
crop. Due to high cost of labour and inputs, the area 
under sugarcane in India is showing a decreasing 
trend and the average sugarcane yields has always 
been hovering around 69 mt/ha during the past 
two decades. The improved agricultural machinery 
like sugarcane cutter planter, budchip planter, mini 
tractor with rotavator, leaf stripper, trash shredder 
and ratoon management device reduces the cost 
of production due to timely farm operations, 
higher efficiency and saving of important inputs 
like seed, fertilizer etc. The studies conducted at 
Regional Agricultural Research Station, Anakapalli, 
Andhra Pradesh showed that, use of cutter planter 
and budchip planter reduces drudgery, save 58% 
time, 69 75% seed cost, and 51 52% labour cost. 
The mini tractor with rotavator save 66% time and 
73% labour cost for weeding. Use of leaf stripper 

save 80% time and 45% labour cost. Use of trash 
shredder save 75% time and 80% labour cost. Use 
of ratoon management device save 75% time and 
73% labour cost.

Introduction
India is the largest consumer and second largest 
producer of sugar in the world next to Brazil. Among 
the sugar yielding crops like sugarcane, sugar 
beet, palms and sorghum, sugarcane is the most 
important. Sugarcane occupies a very prominent 
position in the agricultural crops of India covering 
large areas in subtropical (UP, Punjab, Haryana and 
Bihar) and tropical ((Maharastra, Karnataka, Gujarat 
and Tamilnadu). The sugarcane production is highly 
labour intensive, requiring about 3300 man hours for 
doing different operations (Murali and Balakrishnan, 
2012). Out of total cost of cultivation, 60% of the cost 
incurred towards labour wages (Yadav et al., 2003). 
Most of the cane operations are carried out manually 
and the use of machinery is limited only for field 
preparation. More than 35 million farmers with very 
small land holdings and 50 percent of the total area 
under sugarcane is comprised of holdings between 
0.5 to 5 ha. The area under sugarcane in India during 
2014 15 was 5.307 mha as against 5.34 mha during 
2013 14, showing a decrease trend. During the last 
10 years, sugarcane production in India has been 
fluctuating between 233 million tonnes (2003 04) 
and 366 million tones (2014 15). On an average white 
sugar production accounts for yearly 74% total cane 
produced, 14 15% of sugarcane is utilized for gur 
and khandsari production and the rest is utilized for 
the other purposes including seed. During 2013 14, 
sugar factories have produced 27.3 million tones of 
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sugar with per capita consumption of white sugar 
at 22 kg / annum and the estimated population of 
1.5 billion by 2030 A.D; the consumption of white 
may be increased to 33 million tonnes, about 520 
million tonnes of sugarcane with an average sugar 
recovery of 10.79 percent will be required. This will 
entail a productivity requirement of 100 110 tonnes 
/ ha, as the area under sugarcane cultivation may 
stabilize around 5 million ha. Therefore, a sustained 
effort is required to vision 2030 for increase the 
present trend of sugarcane production to such a 
level of 520 million tonnes with mechanization of 
cane agriculture from planting to Harvesting, which 
will improve over all energy use efficiency of the 
sugarcane based farming.

Materials and Methods
The experiment was conducted at Regional 
Agricultural Research Station, Anakapalle, 
Visakhapatnam district, Andhra Pradesh near 
the geodetic coordinates; Latitude 16030’N 
and Longitude 18020’ E. The variety used in the 
mechanized cultivation of sugarcane was 93A145 
(Sarada) developed by Regional Agricultural 
Research Station, Anakapalle possessing 
characteristics such as drought tolerance, resistant 
to red rot, tolerant to smut, early maturity and good 
productivity.

The sugarcane mechanized planting was carried out 
in the month of March, 2015 in area of 0.281 ha using 
tractor with rotavator (primary tillage) followed 
by leveling ( secondary tillage), planting with two 
row sugarcane cutter planter, budchip planter 
using single budchip nursery, inter cultivation with 
rotavator mounted to mini tractor, leaf stripper and 
trash shredder for the plant crop whereas tractor 
operated ratoon management device was operated 
in the same field for stubble shaving and off bearing. 
This study was compared with conventional 
methods to raise sugarcane cultivation in the 
adjacent field. The data was collected for both the 
fields to determine labour requirement, wage rate 
and time taken for manual versus mechanized farm 
operations.

Results and discussion

Sugarcane Cutter Planter

Sugarcane cutter planter was used for planting 
sugarcane setts in two rows. Making of furrows, 

cutting setts, distribution of setts in furrows, 
application of basal fertilizers and sett treatment 
operations was done in single action with the use 
of planter. The row to row spacing in sugarcane 
cutter planter was maintained at 150cm spacing 
with paired row. The field capacity of the equipment 
was 0.16 ha/h. Cost economic analysis of planting 
with sugarcane planter showed about 51% saving 
in labour cost, 69% saving in seed cost and 58% 
saving in time compared to conventional planting. 
The biometric parameters i.e. diameter of the cane, 
length of the cane and yield of mechanically planted 
sugarcane was on par with the manually planted 
sugarcane where as single cane weight and root 
spread area were found to be significantly different 
(p<0.05) The juice quality of mechanically planted 
sugarcane in terms of degree brix, sucrose percent 
was at par with conventionally planted sugarcane.

Planting with sugarcane cutter planter
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Sugarcane Budchip planter
In conventional planting, about 3 4 tonnes of 
sugarcane were utilized for planting as seed 
material. Using budchip planting, about one tonne 
of cane was utilized for planting of one acre land. The 
sugarcane is cut into buds using power operated 
pneumatic budchip cutting machine. After removal 
of budchips from cane, the budchips were raised in 
portrays and seedlings of 20 to 30 days age were 
used for transplanting. The transplanting of these 
seedlings was done with tractor drawn bud chip 
planter. This implement could plant 3500 4000 
seedlings per hour in 2 rows at a time. Using this 
equipment, the row to row distance for sugarcane 
seedlings transplanting can be adjusted to 150 cm 
spacing and interplant distance can be adjusted to 
30 cm. The field capacity of the budchip planter was 
found to be 0.16 ha/h. The biometric parameters 
viz., cane height, diameter of the cane, and yield 
of the sugarcane seedlings planted with budchip 
planter were on par with traditional method of 
planting, except root spread area (cm2) and single 
cane weight. The juice quality in terms of brix, and 
sucrose percent at the time of harvest of sugarcane 

seedlings planted with budchip planter was at par 
with conventional method of planting. The cost 
economic analysis revealed that, cost of planting per 
ha was Rs.7233 00 with budchip planter, while it was 
Rs.15,000 00 with traditional method of planting. 
The savings in labour cost, seed cost and time was 
found to be 52, 75 and 58% respectively by planting 
with budchip planter over conventional planting.

Intercultivation Equipment:
In sugarcane crop, around 3 to 4 intercultural 
operations like loosening soil, harrowing and 
weeding, are required during entire crop period 
to maintain weed free crop. To reduce the cost 
of cultivation, introduction of mini tractor with 
rotavator attachment is highly essential. Mini tractor 
with rotavator was used for removing weeds and 
also for loosening the soil between the rows. It was 
observed that, the mini tractor with rotavator could 
save 66% time and 73% labour cost for weeding.

Planting with budchip planter Leaf Stripper

Inter cultivation with mini tractor

Sugarcane Leaf Stripper
After the harvest of sugarcane crop, the tops and 
trash of sugarcane has to be removed before 
transporting the cane to mills. To reduce the cost of 
operation, introduction of self propelled sugarcane 
stripper to remove tops and trash is highly essential. 
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It is operated by 3.6 H.P diesel engine. About two 
labouers are required for stripping sugarcane using 
sugarcane leaf stripper. In this machine, cane is fed 
manually one by one and stripped by machine. 
The field capacity ofthe machine is 1 ton/hr. It was 
observed that, use of leaf stripper could save 80% 
time and 45% labour cost.

Sugarcane Trash Shredder
Trash shredding is the first operation in the ratoon 
crop which is very vital to enrich the soil by 
incorporating the decomposed trashes and other 
plant residues in the cane fields. After harvesting 
of sugarcane, around 3 to 4 tonnes of trash in one 
acre was remained in the field. To reduce the cost of 
operation and to conserve biomass, introduction of 
sugarcane trash shredder is highly essential to cut 
the sugarcane leaves into small pieces of 3 to 4 cm 
in the field, which could be used for mulching and to 
increase the soil fertlity. By this operation, trash bed 
is made on field which increases the water holding 
capacity of soil and saves 35 40% irrigation water. 
The trash shredder was operated with tractor PTO 
shaft. The machine was operated by 45 HP tractor. 
The field capacity of the trash shredder is 1.0 ha/hr. 
It was observed that, use of trash shredder save 75% 
time and 80% labour cost.

field capacity of the machine is one acre/1.5 hrs. The 
benefits of RMD are: (i) it cuts cane stubbles below 
ground level and thus improves germination, (ii) cuts 
the old cane root system leading to better growth of 
ratoon crop and establishment of new root system 
and (iii) aerates soil structure. It was observed that, 
use of ratoon management device could save 75% 
time and 73% labour cost.

Operation of Sugarcane Trash shredder

Ratoon Management Device (RMD)
The tilling, off baring and earthing up operations 
are highly essential in ratoon crop management, 
which accounts 30% of the total cost of operation. 
To reduce the cost of operation, introduction of 
ratoon management device is highly essential for 
tilling, off baring and earthing up operations in one 
or two passes. The stubble is cut by a sharp edged 
blade. The earthing unit i.e., a mould board provides 
soil cover the stubble in the form of a ridge. The 

Ratoon Management device

Conclusion
The field evaluation and cost analysis of two row 
sugarcane cutter planter, budchip planter using 
single budchip nursery, inter cultivation with 
rotavator mounted to mini tractor, leaf stripper 
and trash shredder for plant crop and ratoon 
management device for ratoon crop in comparison 
with traditional sugarcane cultivation revealed that 
a significant savings in time, labour and seed cost, 
thus could be adopted as an effective mechanization 
in sustainable sugarcane cultivation.
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Multi crop planterfor rainfed agriculture
Tractor mounted inclined plate planter with inverted 
T type furrow opener was used for planting of rice, 
chickpea, maize, sunflower and pigeon pea in rice 
fallow. These crops cannot be sown satisfactorily 
by convention seed drills. The Planter consists of 
a frame with tool bar, modular seed boxes; furrow 
openers and ground drive wheel system. It has 
modular design seed boxes with independent 
inclined plate type seed metering mechanism. Seed 
plates for sowing different seeds can be selected and 
easily changed. The plate thickness, number and 
size of cells on seed plate vary according to seed size 
and desired plant-to-plant spacing. Inverted T type 
furrow openers ensure seed placement in moist 
zone for sowing under rainfed conditions. Modular 
seed box-furrow opener units are adjustable for 
sowing seeds at different row-to-row spacing. Drive 
to seed metering mechanism is transmitted from 
ground drive wheel through chain and sprockets. 

Ground drive wheel and power transmission system 
are fixed on the main frame. A fertilizer box with 
fluted roller type metering system mounted on the 
main frame for application of granular fertilizers. 

The seed rate for rice varies from 5 to 100 kg/ ha 
for various rice cultivation methods. The inclined 
plate seed metering mechanism for direct seeding 
of rice seeds to maintain plant to plant distance 
at reduced seed rate (2 seeds per cell at 5, 10 and 
15 cm plant to plant spacing) was developed. The 
part modeling was done to optimized inclined 
plate (inclination angle of inclined plate 450 with 
horizontal, rotor speed 0.17m/s, area of single cell 
28 mm2 and forward speed 5 km/h). The prototype 
of machine was developed and field tested in 5.1 
ha area in research farm and 14 ha in farmer’s field. 
Its field capacity was 0.77 ha/h with field efficiency 
83%. The seed rate required for sowing of rice seeds 
was 29 kg/ha (20 x 10 cm spacing at 2 seeds per cell), 
which was low in comparison to seed rate of fluted 

Developed metering unit of inclined plate to accommodate 2rice seeds per cell
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roller metering seed drill as 82 kg/ha. The average 
plant population was found 105 plants/ m2 with 
inclined plate planter. Study revealed that sowing 
by inclined plate planter with inverted T type furrow 
opener was more advantageous in view of crop 
management under rainfed rice cultivation. 

Power tiller mounted Biasi Plough
A power tiller operated 5tines Biasi plough was 
developed. The cage wheel parameters such as 
wheel diameter, wheel width, no of lugs, lug pitch 
and lug angle for Biasi operation was optimized. The 
cage wheel with 450 lug angle, 20.4 cm lug pitch, 
73 cm wheel diameter and 30 cm wheel width was 
found suitable for Biasi operation.  The Biasi plough 
as an attachment to power tiller for experimental 
study was fabricated in view to accommodate the 
5 number of tines at 20 cm spacing. The desired 
curvature was given to the tines by forging method 
and heat treatment to make it hard. The main frame 
was strengthened by using MS Angle iron 40x40x6 
mm, so that enough strength can be obtained to 
withstand the load encountered in actual field 
condition during the Biasi operation. Numbers of 
holes (10 mm) were drilled at a spacing of 50 mm 
in theframe to accommodate the tines at different 

desired spacing as per requirement.For field 
testing Seed rate of Mahamaya variety of rice was 
100 kg/ha .Distance of Biasi, plant mortality, plant 
population, weeding efficiency, effective tillers, 
and  field capacity were 20±3cm, 12-23%, 122/ 
m2, 63%, 322-419/ m2 and 0.248 ha/ h respectively.
The comparative performances of different Biasi 
implements in terms of rice yield were carried 
out. All the implements used for Biasi operation 
performed better with regard to grain yield of 
rice as compared to that of the traditional plough 
used for Biasi operation. The developed Biasi 
implement had shown significant increase in grain 
yield due to minimized plant mortality and better 
root stimulation that led to better crop growth and 
development of yield attributes. The B:C ratio was 
highest for Power Tiller operated 5 tines Biasi plough 
(2.82) and lowest for Traditional method (1.65). The 
studies clearly indicated that by mechanization 
timeliness of operation can be achieved and the 
cost of production reduced and significant increase 
in yield was observed. 

3. Intercrop seed drill
Intercropping gives higher income per unit area, 
acts as an insurance against failure of crop in 
rainfed situation. Intercrops maintain soil fertility 
as the nutrient uptake is made from both layers. 
Presently in Chhattisgarh the intercropping of 
seeds is performed by manual labour, it requires 
lot of human power. The cost of production is also 
increase due the use of manual labour. On the other 
hand lot of drudgery is involved in this operation. 
So it is felt that if this operation is performed by 
machine it will save time, energy, production cost 
and promote farmers for intercropping. In the view 
of need and profitability of intercropping methods 
under rainfed farming, the automatic seed drill with 
cup feed metering mechanism was modified and 
tested for intercropping of wheat-gram, linseed-
coriander and wheat-mustard seeds.Seven different 
sizes cup feed mechanism was used for seed and 
fertilizer metering, seed box height was adjusted 
to regulate the flow of seeds and fertilizer. Ground 
wheel provided for power transmission to metering 
unit. Chain and sprocket drives were used for 
power transmission. An adjustable scale is fitted 
with a seed box which controls the flow of seed 
having scale up to 12 cm. Row to row distance for 
sowing of crop was adjustable by adjust the spacing 
between furrow openers. The seed rate of wheat 
and corresponding gram was kept at 70 kg/ha and Developed 5 tines power tiller operated Biasi plough
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25 kg/ha respectively. Similarly Wheat-Mustard 
intercropping seed rate of wheat was kept 70 kg/ha 
and mustard was 6 kg/ha. In Wheat-Gram intercrop, 
the row to row spacing was 25 cm for wheat and 
row to row spacing for gram was 45 cm. In Wheat-
Mustard Intercrop the row to row spacing was 25 cm 
for wheat and row to row spacing for mustard was 
40 cm. Wheat-gram intercrop seed were sown with 
ratio 2:1 i.e. 2 rows of wheat and 1 row of gram. In 
second plot of wheat-mustard intercrop seed were 
sown with ratio 3:1. The seed drill was operated 
with tractor in speed of 3.2 ± 0.3 km/h. The width 
of coverage achieved was 2.10 m due to making of 
alternate row pairs of Wheat and gram and same 
width is utilized in Wheat-Mustard intercrop. The 
effective field capacity of seed drill was 0.28 ha/h 
with 78-80 per cent field efficiency. The germination 
percentage of seeds achieved 85-90 per cent for 
Wheat and 84-88 per cent for Gram and 80-85 % for 
Mustard.

conventional manual weeding. Using in the wet 
field condition the field capacity of the weeder was 
0.0136 ha/h and it gave a weeding efficiency of 82%. 
The cost of weeding with the developed weeder 
amounted to Rs. 1100 /ha while manual weeding 
costs Rs. 3000/ha. With the use of rotary paddy 
weeder 60% time could be saved in comparison to 
manual weeding.

Cup feed metering with separate seed boxes for Intercrop seed 
drill

4. Gender friendly Manual Rice Weeder
A gender friendly non-active rotary paddy weeder 
for wet field condition was designed, developed 
and fabricated. Different body dimensions of the 
subjects having direct implication on ergonomical 
design of weeder were collected from 41 female 
workers of Chhattisgarh. The dimension of the 
weeder was decided by using anthropometrics 
data, soil resistance and crop parameters. The 
weeder consist of float, 5 numbers of rotor blade, 
rotor shaft and bushes, handle connecting bracket, 
handle height adjusting lever  and main Frame.  
The machine was tested in the clay – loam soil 
at saturation and average weed density of 350 
weeds/m2. Its performance was compared with 

Gender friendly Manual Rice Weeder

4. Check row planter
A Manually-Operated Check Row Planter (25 cm x 
25 cm) for Dry Seeding of Rice was designed and 
developed. The average pulling force was calculated 
as 15.2 kg at 32.85˚Angle of inclination. The average 
draft recorded was 13 kgf. It was observed that the 
placement of paddy seeds were at uniform depth 
under a range 2.4 cm to 3.25 cm. The missing index 
was found 6.6%, whereas the multiple index was 
observed 13.3%. The seed damage was observed 
only 2.1 per cent, which was within acceptable 
limit. The theoretical field capacity was 0.048 ha/h, 
at a speed of 1.05 km/h, whereas, the actual field 
capacity was found to be 0.023 ha/h and field 
efficiency 47 %. The seed rate was 10.1 kg/ha. The 
machinery cost per hour was calculated as Rs. 25.6/ 
h. For sowing one ha of land the planter required 
5.44 man days which was much less as compared 
to manually transplanting in SRI and Dry seeding 



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

203

manual method. The planter saves 66.7 and 72.4 % 
of money over transplanting dry seeding manually.

Animal drawn Rice Drum Seeder
Rice cultivation is highly labour intensive 
particularly for Biasi & weeding operation in upland. 
Direct row seeding of rice offers great promises over 
broadcasting as a labour saving or cost reducing 
system. Yield obtained by direct seeding of rice with 
good management practices were comparable to 
transplanting and higher to broadcasting method 
.Therefore, Animal drawn Rice Drum seeder was 
introduced . The unit consists of a simple frame on 
which the seed box, fertilizer box, hitch bracket, 
handle, clutch mechanism and furrow closure are 

mounted.  The entire unit is attached on two wheels. 
The provision of clutch facilitates stopping of seed 
dropping at headlands.  

Table 1: Specification of bullock drawn rice drum seeder

Specification/Feature Particular

Mode of operation
Width seeded in one pass (cm)
No of seed drums
Seed capacity (kg)
Ground wheel
Machine weight without seeds
Seeding rate (kg/ha)

(8)   Spacing between rows 
cm.
(9)   Construction

Bullock drawn Pull-
type
160
8
2.5 kg/hopper
2 Nos.
38.4 kg.
Adjustable
at 40,60, or  80 kg/ ha
20 cm
Steel

The turning of seeder at the end of the row in 
headland is only possible by lifting the seeder. To 
overcome the above problem, a bullock drawn 
modified design was developed and tested under 
local field condition. Specification and design 
features of the proto drum seeder are given in Table 
1. The replicated tests revealed that germination of 
rice seeds was not affected by gravity flow orifice 
type metering mechanism. However, the seed rate 
was increased with the decrease in quantity of seeds 
in the hopper. The rice seeder gave a seed rate of 52 
kg/ha with 2 kg seeds in each hopper. The seed rate 
varies between 57 to 82 kg /ha between 1.8 to 0.7 
kg seeds in each hopper load. The working width 
of the machine was kept 1800 mm. The 410 mm 
rim diameter and 50 mm width ground wheel with 
12 numbers of lugs (50 x 50 mm), on its periphery 
caused the minimum pull of 40 to 42.8 kg and speed 
from 2.832 km/h to 2.946 km/h. The field capacity 
of the machine ranged from 1.804 to 1.912 ha/day 
with 74 percent field efficiency. 

Bullock drawn drum seeder
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Abstract
 Biasi(Beushening) is the popular method 
of rice establishment in rainfed risk prone areas of 
Chhattisgarh. Therefore, focus was made to develop 
a power operated Biasi machine. Biasisoil condition 
for Inceptisolsand vertisols soil was characterized. 
Accordingly the cage wheel parameters (73 cm 
wheel diameter, 30 cm wheel width, 450 lug angle 
and 20 cm lug pitch) for Biasi operation were 
optimized.  The rotary unit of 13 hp power tiller was 
modified for Biasioperation. The rotary unit with 8 
tines, 152 rpm rotor speed for 70 cm working width, 
blade distance 18 cm, length of soil slice 7-10 cm 
at 0.4 m/s forward speed was found suitable. The 
study revealed that the mechanized Biasi machine 
was found suitable under rainfed rice cultivation 
because of their higher field capacity, better quality 
of work and more benefit cost ratio.

Introduction
Biasior Beusheningis basically a traditional method 
of rice establishment in rainfedrisk prone areas of 
Eastern India, having highly variable climates and 
a poor resource base. In this system rice seeds are 
broadcasted in dry or wet soils after normal field 
preparation. The rice plants as well as weeds grow 
simultaneously up to 30-40 days and thereafter 
shallow ploughing (Single or cross) is done in 
presence of 5-10 cm of water in standing rice crop 
by animal drawn indigenous  plough followed by 
manual weeding and gap filling. This operation 
is called Biasi. Under rainfed situation Biasi is 
necessary because it helps to maintain the plant 

population, plant spacing, better plant growth 
and development of roots. In India more than 1.5 
million ha area of rice is under Biasisystem of rice 
cultivation. Fujisaka (1991) emphasized that Biasi 
(Beusani) is a common crop establishment practice 
in rainfed lowland rice. Biasi is used in dry seeded 
lowland fields to control weeds. Biasi reduces not 
only the weed population, but also the rice plants 
population. Mishra (2010) developed animal drawn 
Biasiplough. The field capacity (0.80 ha/day) was 
found to be highly significant. It was more than 
4 times than that of local Biasi plough, (0.18 ha/
day). The draught requirement of developed Biasi 
implement was within the draught capacity of local 
bullocks (55-65kgf).

Indian farmers, particularly the small and marginal, 
have been dependent on human and animal muscle 
power for performing various farm operations. The 
availability of draught animals power has come 
down from 0.133 kW/ha in 1971-72 to 0.094 kW/ha 
in 2012-13 (Mehta et al 2014),whereas the share of 
tractors and power tillers has increased during the 
same period. Since the traditional method of Biasi 
gives low output resulting in delayed operation with 
high cost. Mechanization of this particular operation 
through mechanical means play a major role to 
enhance the field efficiency with minimum waste of 
time, energy and materials. In order to bring down 
the area work pressure on animate power and to 
assess the possibility of mechanization of the Biasi 
operation, the power operated Biasi implement was 
proposed to be designed, developed and tested.
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Material and methods
To develop a mechanical Biasi implements, various 
research findings on crop and soil parameters 
for Biasioperation is taken in considerations for 
designing of Biasimachine are given in Table 1.

Table 1:  Crop and soil parameters for Biasioperation

Particulars Value Reference

Soil type Loam, silt clay 
loam, clay loam

Verma et. al. 
(2006) Field prepara-

tion

Two cross plough-
ing by tractor with 
cultivator depth of 
ploughing 8-12 cm, 
bulk density 1.3-1.4  
Mg/m3

Seed rate 80-100 kg/ha

Lakpale and 
Shrivastava 
(2012)

Time of Biasi 30-40 days after 
sowing

Depth of water 
in the field at 
the time of 
Biasi

5-10 cm

Distance of 
Biasi

20 ±3 cm(distance 
between furrow)

Gap -filling 
process

Within  3 days of 
Biasioperation

Plant popula-
tion/m2 125 plants/ m2

Depth of Biasi 6-8 cm Kawade  (2001)

The reasons for taking power tiller to perform Biasi 
operation wereits compact in construction and have 
good trafficability.The lightness and low centre of 
gravity facilitate easy operation,low sinkageon 
submerged soils and casualties were rare.The 
narrow wheel tread enables them to go through the 
narrow patch in the country side. Due to absence 
of two front wheels and narrow wheel tread, power 
tillers have short turning radius. Thus less land is left 
untilled during field operations.Rotary type power 
tiller have been selected for Biasi operation because 
the reduction in traction demanded of power tiller 
driving wheels due to the ability of the soil working 
blades to provide some forward thrust (Benny et.al. 
1970).Modification work in rotary power tiller units 
for Biasi rice cultivation was carried out during the 
year 2013 to 2015. During this period the cage 
wheel parameters such as types and number of 

blades and their combinations were optimized for 
Biasi operation. 

Design on Rotary Tiller Blades
Various research findings support C- shaped rotary 
blades for Biasi operation because of hooking 
character between the rotary blades and plants (low 
plant mortality), less torque andpower consumption 
(unclogging in submerged rice field). Salokhe et 
al. (1993) studied on the power requirement and 
puddling of a rotavator in wet clay soil. The rotor 
of C-shaped blades consumed less power than the 
rotor of L-shaped blades. Kataoka and Shibusawa 
(2002) explained that it was the phenomenon of 
reaction forces between soil and tillage tool that 
related to soil failure pattern. The torque acting on 
the rotary shaft of L- shaped blades was slightly 
higher than for the Japanese C-shaped blade. 
Design of rotary tiller blades depends on soil types, 
no. of blades and working condition. By calculation 
total8 nos. of blades wasobtained. 

Development of Rotary Unit of Power Tiller for 
Biasi Operation
The rotary tiller was self-propelled and driven 
forward on cage wheels. Power was directly 
transmitted to the tillage blades. In the rotary 
unit, power was transferred to the tiller from 
the engine via the power-take-off drive. A shaft 
containing blades was located at 90° to the line 
of travel and rotated in the same direction as the 
forward travel of the power tiller. Since the shaft 
turns at a rate that is considerably faster than the 
corresponding power tiller speed, soil pulverization 
is accomplished. The proper selection of forward 
speed was dependent to the tangential speed of 
the blades (that is a function of rotational speed of 
rotor) and the length of sliced soil.In this design, two 
blades were considered on each side of the flanges. 
Shrivastava and Tripathi (1991-92) found that, for 
better yield the Biasi operation can be performed at 
the working width of 20 ± 3 cm and 8-10 cm depth. 
Therefore, the designed parameter considered for 
the development of rotary Biasi unit was having a 
definite line spacing and 10 cm depth of operation. 
Matyashin (1968) suggested that the radius of rotor 
for rotary tillers should be selected greater than the 
working depth.The net possible selections for the 
rotary tiller working width (b), forward speed (v) and 
rotational speed of rotor (n) are presented in Table 2. 
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Table 2: Possible selections for the rotary tiller working 
width, forward speed and rotational speed of rotor

S. Working 
width (cm)

For-
ward 

speed 
(m/s)

Rotor 
speed 
(rpm)

l Length of 
sliced soil 

(L) (cm)

1 60 cm 0.2 168.08 22 3.57

2 0.4 152.80 10 7.85

3 0.6 45.84 2 39.27

4 70 cm 0.2 168.08 22 3.57

5 0.3 183.36 16 4.91

6 0.4 122.24 8 9.82

7 0.5 57.30 3 26.18

Therefore, Gear No. : 1 .  Forward heavy was selected 
for Biasioperation v =0.4 m/s,   = 8By representing 
the obtained value for λ at the equations (14), 
(15) and (16) we will have, L=9.82 cm, n=122 rpm. 
On the basis of these calculations the following 
modification were made in the rotary unit of tiller 
Table 3& Fig. 1. The field performance of modified 
rotary unit of power tiller was conducted in research 
and farmers field (Fig. 2).  

Table  3: Modification in rotary unit of Power Tiller for 
Biasi operation

Particulars General Op-
eration

Biasi operation

Blades (tines) 
numbers

20 numbers 6/8 numbers

Blades (tines) 
Distance

2-4 cm 18 cm

Gear I Forward heavy I Forward heavy

RPM 2000-1800 2000-1800

Fig. 1:  Modification of no. of blade, size and spacing on rotary unit

Result and discussion
The comparative performance of improved 
implements over to that of traditional plough was 
assessed in operational indicators terms of as well as 
yield indicators.The mean performance of different 
Biasi implements/ ploughs in terms of operational 
indicators such as time required in Biasiand its 
draught requirement is shown in Table 4. 

Fig 2:  Exploted view of and arrangements of blade unit in rotary 
unit of power
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Study indicates that by the use of improved Biasi 
implements the field capacity was higher as 
compared to traditional method. The qualities of 
work indicator were Plant mortality (%), Weeding 
efficiency %, Plant population/ m2, andEffective 
Tillers No./m2 , obviously indicate that the improved 

Table 4: Impact of different implements on various parameters affecting rice production 

Parameters Biasi implement

Animal Drawn Power tiller Drawn

Deshi plough Biasi 
plough

Modified rotary 
tines

Modified cage wheels and Biasi 
tines

Seed rate kg/ha              100 100 100 100

Distance of Biasi 20±3cm 20±3cm 18±3cm 20±3cm

Plant mortality, (%) 22-37 10 -18 21-29 12-23

Plant population/ m2 114 129 118 122

Weeding efficiency, % 47 62 60 63

Effective Tillers, No./m2 222-298 324-419 301-412 322-419

Field Capacity, ha/ h 0.034 0.127 0.215 0.248

Fig 3:  Field performanceof modified rotary unit of power tiller for 
Biasi operation

implements performed better. The comparative 
performance of different Biasi implements in terms 
of rice yield is shown in Table 5. 

Table 5:  Effect of different Biasi implements/ploughs on 
rice yield (q/ha) 

Biasi Plough Yield  
qha-1

% yield 
increase*

B:C 
ratio

TrifalBiasi plough 39.2 21** 2.11**

Power Tiller operated 5 
tines Biasi plough

37.9 17** 2.82**

Power Tiller operated 
modified rotary Biasi 
implement

38.2 18** 2.34**

Traditional (Control) 32.4 -- 1.65

* As compared to using traditional Biasi plough 

** - significant 

All the implements used for Biasi operation 
performed better with regard to grain yield of rice 
as compared to that of the traditional plough used 
for Biasi operation. The highest grain yield was 
recorded in TrifalBiasi plough followed by power 
operated 5 tines plough and power tiller operated 
modified rotary Biasi implement. The lowest yield 
was recorded in traditional plough which served 
as control. The rice grain yield was recorded as 
39.2 qha-1 (Trifal), 37.9 qha-1 (5 tines plough and 
power tiller operated modified Biasi implement), 
36.2 qha-1 (power tiller operated modified rotary 
Biasi implement), and 32.4 qha-1 (traditional). 
Significantly highest rice yield over traditional 
plough was obtained in TrifalBiasi plough (21%), 
followed by 5 tines plough and power tiller operated 
modified Biasi implement) (17%), and power tiller 
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operated modified rotary Biasi implementpower 
tiller operated modified rotary Biasi implement 
(17.9%). The developed Biasi implement had shown 
significant increase in grain yield due to minimized 
plant mortality and better root stimulation that led 
to better crop growth and development of yield 
attributes. The B:C ratio was highest for Power 
Tiller operated 5 tines Biasi plough (2.82) and 
lowest for Traditional method (1.65). The studies 
clearly indicated that by mechanization timeliness 
of operation can be achieved and the cost of 
production reduced and significant increase in yield 
was observed. 

Conclusion
The study revealed that the mechanized Biasi 
implements were found suitable under rainfed rice 
cultivation. The improved Biasi implements were 
found suitable because of their higher field capacity, 
better quality of work and more benefit cost ratio. 

References
Culpin C. Farm Machinery. 10th edition.Granada: Granada 

Technical Books Press,Spain 1981

Hendrick JG, Gill WR. Rotary tiller design parameters, 
part III-Ratio of peripheral and forward velocities. 
Transactions of the ASAE 1971; 14:679-683.

Matyashin Yu. Means of decreasing energy requirements 
of rotary tillers. VestinkSelskokhozyaisvennoiNuaki 
1968;9:131-133.

Lakpale and Shrivastava 2012 Traditional system of 
rice cultivation in Chhattisgarh (biasi): limitation, 
advantages and  practices for improvement Model 
Training Course on Rice Production Technology 
Directorate of Extension Services, IGKV, Raipur (CG) 
Feb., 22-29, P 101 -107

Verma, A.K., M.L.Dewangan (2006)“Efficiency and energy 
use in puddling of lowland rice grown on Vertisol in 
Central India” Soil & Tillage Research, The Netherlands 
Vol. 90  pp 100-107



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

209

New Research and Innovations in Farm Machinery

Dr. M. Veerangouda
Professor and University Head, Karnataka  Department of Farm Machinery and Power Engineering, 

College of Agricultural Engineering, Raichur, University of Agricultural Sciences, Raichur

1.  Small Tractor Operated Weeder
 � Manual weeding with the traditional hand tool, 

push/pull type weeders and bullock drawn 
weeders are the most common practice for 
weeding operation adopted by the farmers. 
In row crops weeding has major share in 
cost of production due to increased labour 
demand during the peak season results in more 
production cost.  

 � In order to address the problem of weeding 
operation especially in dry land area, A small 
tractor operated weeder was developed to 
overcome the above problems and enhance the 
timeliness of operation. 

 � The developed planter was evaluated for bangal 
gram and maize crops under field condition.   
Field capacity of small tractor weeder was 0.2 
ha/hr. Fuel consumption of small tractor when 
operating at the field was 1.7 l/hand weeding 
efficiency of this weeder was 89.99%. 

2.  Tractor Operated Automatic Gun Sprayer
yy Conventional method of spraying, two persons 

are required to swing the gun behind the bullock 
cart or tractor. Hand operated gun sprayer 
leads to excessive application of chemical and 
uniformity of application is less which leads to 
excessive operational cost and environmental 
pollution. Tractor operated automatic gun 
sprayer was developed for spraying of pesticide 
for selected field cropswhich improves 
coverage, boosts chemical effectiveness and 
makes spraying job easier and faster Automatic 
gun sprayer consists of Tank, Pump, two gun 
and actuating mechanism. Power is transmitted 
from tractor PTO to pump through belt and 
pulley. 

yy A 3.2 kW triple action piston type pumps has 
been selected to provide perquisite operating 
pressure and two guns having application rate 
of 250 l/ha each were selected for spraying. 

yy Two motors of 0.5 kW were selected to provide 
oscillation motion to guns

yy Performance evaluation has been carried out 
in Research farm, UAS, Raichur. Automatic gun 
sprayer was operated under the operating 
pressure of 25 kg/cm2 with actuating speed of 
guns were 45 cycles/min and forward speed of 
2 km/hr.  

yy Application rate of automatic gun sprayer was 
500 l/ha. The field capacity of automatic gun 
sprayer was 1.2 ha/hr

Field evaluation of weeder inField Evaluation of weeder in maize 
bengal gram crop 
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3.  Bullock Drawn Solar Powered High 
Clearance Sprayer
yy Solar energy plays an important role in drying 

agriculture products and for pumping the well 
water for irrigation purpose in remote villages 
without electricity. This technology on solar 
energy can be extended for spraying pesticides, 
fungicides fertilizers, nutrients and weedicides 
using solar sprayers.

yy A Solar sprayer is the ultimate cost effective 
solution at the locations where spraying is 
required. The solar-powered spray pump system 
uses solar energy as source. Solar energy is 
first used to charge a storage battery. The solar 
energy will be used as power source for the 
operation of sprayer unit and bullock power will 
be used as traction purpose for pulling the cart.

yy The bullock drawn solar powered high clearance 
sprayer was developed to utilize the available 
solar energy. The sprayer also can be used for 
spraying tall field crops due to the high ground 
clearance.

yy The average field capacity is 0.945 ha/h for 
cotton crop and 1.012 ha/h for red gram crop 
with forward speed of 2.7 km/h and 3.0 km/h 
respectively. 

yy The percentage of financial saving over the 
manual knapsack sprayer for cotton and redgram 
was 56 per cent and 67.1 per cent respectively. 

yy The percentage of labour saving over the manual 
knapsack sprayer for cotton and redgram was 
56.6 per cent and 59.48 per cent respectively.

4.  Bullock Drawn Engine Operated High 
Clearance Sprayer
yy Cotton and pigeon pea crops are commonly 

grown in Raichur district of Karnataka.  For 
spraying operation, most of the farmers use 
locally available manual operated Knapsack/
motorized power sprayers and HTP power 
operated gun sprayers mounted on bullock cart.  

yy The uniformity in spraying operation cannot 
be achieved by using locally available sprayers.  
The labour shortage is a severe problem during 
spraying operation as the farmers normally 
spray 4-5 times for cotton and pigeon pea crops. 

yy A bullock drawn engine operated high clearance 
sprayer was developed and the field trials were 
conducted for tall field crops like red gram and 
cotton.  The bullock power serves as a power 
source and the spraying operation is completely 
carried out by using petrol/kerosene operated 
engine which connected to the boom length of 
the sprayer.  

yy The average field capacity of bullock drawn 
engine operated sprayer for spraying on cotton 
crop was found to be 1.20 ha/h. The average draft 
observed for bullock drawn engine operated 
sprayer for spraying on cotton crop is 785 N. 

yy The cost of operation worked out for spraying 
operation for bullock drawn engine operated 
sprayer for spraying on cotton crop was Rs. 
108.80 per ha. The physiological response 
of bullocks and fatigue score for spraying 
operation is within the limit. The bullock drawn 
engine operated sprayer required least labour 
requirement of 12.83 man-h/ha. 

yy The average field capacity of bullock drawn 
engine operated sprayer for spraying on pigeon 
pea crop was found to be 1.18 ha/h. The average 
draft observed for bullock drawn engine 
operated sprayer for spraying on pigeon pea 
crop is 736 N. 

yy The cost of operation worked out for spraying 
operation for bullock drawn engine operated 

Field evaluation of automatic gun sprayer

Bullock drawn solar powered 
sprayer

Demonstration of high clearance 
sprayer for cotton

Bullock drawn engine operated 
sprayer for cotton

Bullock drawn engine operated 
sprayer for pigeon pea crop
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sprayer for spraying on pigeon pea  crop was 
Rs. 114.90 per ha. The physiological response 
of bullocks and fatigue score for spraying 
operation is within the limit. The bullock drawn 
engine operated sprayer requires the labour 
requirement of 12.85 man-h/ha. 

5.  Solar Powered Knapsack Sprayer
yy Spraying is one of the most effective and 

efficient technique for applying small quantity 
of liquid through droplets to protect the crops.

yy Many of the farmers are using knapsack and a 
power operated engine sprayers. Generally the 
power required for spraying is met out from 
either alone or combination of human source, 
mechanical power viz., either petrol engine or 
dual fuel engines for operating the pump. 

yy However, due to rapid rise in the price of fossil 
fuels and their limited availability, there is 
now greater awareness for development of 
renewable energy gadgets, which is the need of 
the hour. 

yy Hence, there is a greater scope for utilization of 
solar energy for generation of electricity using 
solar photovoltaic cells and further to utilize the 
same for spraying, water pumping, lighting etc. 

yy Keeping the above points in view, a solar 
powered knapsack sprayer with multipurpose 
applications like operating radio, charging the 
mobile etc., has been developed.

yy The components of a solar powered knapsack 
sprayer with multipurpose applications are solar 
photovoltaic panel of 20 W capacity, a battery 
of 12 V and 7.5 AH capacity, a 12 V DC motor 
with pump, a spraying tank, frame, adapter and 
connector output for multi applications.

yy The average output of the panel was found to 
be 12.8 volts. 

yy The swath width of sprayer was found to be 0.62 
m. 

yy The discharge of the sprayer was found to be 
0.025 l/s (90 l /h).

yy The sprayer was tested for its feasibility for 
spraying in field crops like cotton, redgram and 
vegetables like onion etc. 

yy The effective field capacity of solar powered 
knapsack sprayer was found to be 0.15 ha/h with 
a field efficiency of 87.42 per cent as compared 
to that of 0.12 ha/h field capacity with 82.73 
per cent filed efficiency for manually operated 
knapsack sprayer. 

Schematic Diagram of Solar Powered Knapsack Sprayer

Testing of solar powered knapsack sprayer in farmer’s field for 
onion crop

A view of Solar Powered Knapsack Sprayer 
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Justification 
Agriculture in most of the parts of India still depends 
on the vagaries of the monsoon. The rainfall, in 
the large area of it, is inadequate and extremely 
uncertain. As water is most important input for 
crop production, the inadequacy and uncertainty of 
rainfall often results in partial or complete failure of 
crops and leads to periodic scarcities and droughts. 
Such conditions naturally make the economic life of 
the cultivators in these regions extremely difficult 
and insecure.

Out of the total cultivated area of 190.42 m-ha 
in the country, 79.99 m-ha have some access to 
irrigation water. The remaining 110.43 m-ha is rain 
fed. In Maharashtra, 22.36 m-ha area is under 
cultivation. Out of this, 3.665 m-ha is under 
irrigation and the remaining 18.70 m-ha is rain 
fed. The average food grain production is therefore 
very low i. e. 1057.70 kg -ha-1.(Reference :- Economic 
Survey of Maharashtra 1991 -92 to 2007 -08) In 
order to increase agricultural production , as there 
are limitations in increasing the land under irrigation 
it is necessary to increase production potential of 
the dry farming lands in the near future. According 
to Sukhatankar Committee Report, 74 Talukas of 
14 Districts in Maharashtra are drought prone. 
As per the new guidelines of Central Government, 
23 per cent of the drought prone area of our 
country lies in Maharashtra. The 84 per cent rain 
fed area of our state requires to be brought under 
the improved soil and water conservation practices 
(Katyayan 2008). This can be done by adapting the 
suitable package of practices aimed at optimizing 
utilization of available moisture through improved 
soil and water management. In Monsoon season 
many times high rainfall causes heavy runoff and 
soil erosion. 

     One of the effective soil and water conservation 
practices is the preparation of check basins in the 
field.The two adjacent side bunds running across 
the main slope are connected by cross bunds at 
regular intervals. Thus the entire field is divided 
into number of check basins. When rainfall occurs 
the water is stored in the check basins to infiltrate 
into the soil by preventing surface runoff. At the 
same times the loss of soil due to erosion is also 
prevented.This practice is found beneficial for 
much rain fed crops (eg. jowar , bajra, maize, 

Check basins formed by Traditional methods



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

213

pulses and oil seeds, few commercial crops 
like cotton, castor and groundnut) resulting in 
increased crop production. The length of slope is 
another important factor. The erosion losses tend to 
increase with the growing length of land slope. 

Presently, bullock drawn or tractor drawn sarayantra 
are used for forming side bunds followed by use 
of bullock drawn or tractor drawn mould board 
plough for preparing cross bund.  . Cross bunds 
thus formed are friable and collapse even with low 
intensity rainfall.

construction. Tractor operated Phule  check basin 
former is useful  for water conservation in dry 
land farming.

Cross ridges formed in traditional method are collapsed during 
rainy season

In view of this, tractor operated Phule check 
basin former has been developed under the 
aegis of AICRP on FIM, MPKV, Rahuri centre 
during the year 2014-2015 which uniformly 
scrap and collect the soil, distribute the collected 
soil proportionately to form the side bunds and 
the cross bunds. It facilitates formation of check 
basins of 6 mtr length and 2 mtr width. The check 
basin former thus developed is simple in design and 

TRACTOR OPERATED PHULE CHECK BASIN FORMER   (MPKV)

TRACTOR OPERATED PHULE CHECK BASIN FORMER  (MPKV) 
DURING FIELD OPERATION

 RAIN WATER CONSERVED IN CHECK BASINS FORMED BY  TRACTOR 
OPERATED PHULE CHECK BASIN FORMER (MPKV)
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5.  FIELD PERFORMANCE RESULTS 
Field performance trials of tractor operated 
Phule check basin former were conducted on the 
University Farm as well as on the farmers field under 
HOPE project on Rabi sorghum over 12.50 ha  
area during the year 2015-2016.   

The average effective field capacity of the machine 
was 0.51 ha h-1 with average field efficiency of  77.60 
percent.Net saving over traditional method was 
worked out to be Rs.1899 per hectare

Farmers Remarks: Farmers expressed that the 
machine is very useful to them for conservation 
of rain water. The water thus conserved will be 
beneficial for better growth of  Rabi Sorghum  crop 
which will enhance yield  of Rabi Sorghum  crop. 

UTILITY AND EFFICACY OF THE TRACTOR 
OPERATED PHULE  CHECK BASIN FORMER IN   
COMPARISON WITH CONVENTIONAL METHOD
1. Extent of achieving timeliness of operation 

and contribution of the equipment in  
enhancing productivity through timeliness 
of operation : 30 to 40 % timeliness is achieved 
and check basins thus formed are useful for 
rain water conservation which enhances the 
production of Rabi crops 

2. Improvement in quality of work    :  To a large 
extent since check basins of desired length are 
formed.

3. Reduction in drudgery   : Yes. Since it is 
operated by the tractor.

4. Improvement in safety    : safe.
5. Cost effectiveness                : Saving up to 50 to 

60 percent. 
6. Suitability of the equipment to the region 

from following aspects
6.1 Crops grown :  Rabi sorghum
6.2 Problems existing in conventional 

practice : Presently, bullock drawn or tractor 
drawn sarayantra are used for forming side 
bunds followed by use of bullock drawn 
or tractor drawn mould board plough for 
preparing cross bund.  . Cross bunds thus 
formed are friable and collapse even with 
low intensity rainfall.

6.3 Prevalent farm power sources : 45 to 50 hp 
Tractors.

6.4 Socio economic factors: 
-  Labour scarcity in the season       : Acute
-  Hiring charges                     : Rs. 3000.00/ha
-  Initial cost of the machine  :  Rs.65,000/-
-  Operational skills required        : Yes 
-  Repair and maintenance facilities: 

    Available
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Bullock Cart Operated Sprayer

Dr. Satish R. Desai, Dr. Kumar D. Lamani and Dr. Anuraja B.
University of Agricultural Sciences, Dharwad

A Bullock cart operated sprayer was successfully 
developed. The sprayer is provided with four  
numbers hydraulic pumps, which are operated by 
the wheels of the cart. As the cart starts operating, 
the hydraulic pumps are being operated and the 
pressure is developed in the system. A 200 Ltrs. 
PVC tank is mounted on the cart  to store the 
spray solution and the suction side of the pump 
is connected to tank. The discharge side of the 
all hydraulic  pumps are  connected to pressure 
regulator box  to maintain uniform pressure at the  
nozzles.  A total of  eight nozzles are connected 
to the spray boom and the outlet of the pressure 
regulator box  is connected to the spray boom. The 
spacing between the nozzles is adjustable and also 
the height of the nozzle from the ground level is 
adjustable. 

The Performance evaluation of Bullock cart 
operated sprayer  was conducted at ARS, Nippani, 
ARS  Soundalaga and farmers fields. The sprayer was 
tested for spraying of  herbicides, monocrotophos 
and MgSO4  for Groundnut crop after 30 DAS. 
The field capacity of the sprayer was 2.55 ha/hr 
at operating speeds of 5.15 Km/hr.The discharge 
rate of the sprayer was 190 litres per acre. The field 
efficiency of the sprayer was 82.50%. 

Ridge & Furrow former cum Seed & Fertilizer Drill 
(RFSF)
A  Ridge & Furrow former cum Seed & Fertilizer 
Drill (RFSF) was developed for formation of ridge 
& furrow, sowing and fertilizer application. A cell 
type seed metering mechanism is used to meter the 
seeds and fertilizer. The furrow opener is designed  
to form ridges and furrows of required width. A 
ridger attachment was used as furrow opener and at 
the rear side of the ridger bund forming blades are 
provided which are adjustable to form these bunds 
of required width.  The seed and fertilizer metering 

A view of Developed Bullock cart 
operated sprayer

Pre emergent herbicide spraying 
in operation 

Another view of Pre emergent 
herbicide spraying 

View of  spraying  in Sprayer in 
operation after 30 DAS

Demonstration of Bullock cart operated sprayer
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mechanism is operated by a ground wheel. The 
metered seeds and fertilizer is placed on slope of 
the ridge at ¼th  distance. 
The Ridge & Furrow former cum Seed & Fertilizer Drill 
was tested for its performance at ARS, Soundalaga 
farm for sowing of soybean on ridges and chickpea 

at farmer’s field. The field capacity of equipment was 
0.82 ha/hr and the field efficiency was 87.30%. The 
seed rate of the equipment was 68.50 Kg/ha and the 
average seed to seed spacing was in the range of 
7-10 cm. The width of the trapezoidal ridge was 60 
cm and height was 30 cm.

Field condition after 
operation of the 
equipment 

Another view of the ridger 

Seed metering roller for 
seed sowing  

Rear view of the Ridge & 
Furrow former can seed & 
fertilizer drill in operation

A view of Chickpea crop 
after sowing  

A view of the developed  
Ridge & Furrow former 

cum Seed & Fertilizer Drill

Ridgers attached to the 
Ridge & Furrow former 

cum Seed & Fertilizer Drill

Ridgers attached to the 
Ridge & Furrow former 

cum Seed & Fertilizer Drill

Ridge & Furrow former 
cum Fertilizer Drill  in 

operation

A view of Soybean crop 
after sowings
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Bullock Drawn Drum Weeder

Dr. Anuraja B., Dr. Kumar D. Lamani and Dr. Satish R. Desai
University of Agricultural Sciences, Dharwad

At present weeding in SRI method, drill sown paddy 
and mechanical transplanted row paddy fields is 
done by using manually operated cono weeder. The 
main disadvantage of this method of weeding is 
drudgery involved and labour availability. Keeping 
this in view a bullock drawn drum weeder has been 
developed for weeding operation. 

The performance of the weeder is evaluated at 
ARS, Mundagod and also in farmer field. The field 
efficiency of bullock drawn drum weeder is 89.30 % 
which is considerably higher (36.70%) over manual 

cono weeder (52.60%), The field capacity of the 
developed implement is 0.067 ha/h, which is 6.70 
times higher than manually operated cono weeder 
(0.01 ha/h). The cost of operation of drum weeder is 
Rs. 1500/ha which is Rs.250/ha less (15%) compared 
to manual cono weeder (Rs.1750/ha ). Though 
weeding index is 83.40 % which is less compared 
to Drum weeder (89.72%), but  the drudgery  of 
weeding operation  is reduced considerably over 
manually operated cono weeder.

Bullock drawn Drum weeder 

A view of bullock drawn drum weeder in operation

Condition of field before weeding Operation

Field view after weeding operation
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Design, Development and Evaluation of 8-Row Paddy 
Transplanter as an Attachment to Four Wheel Drive Tractor.

Jaya Prakash. R1, Ashwin Kumar2. B, Aravind Reddy. G3 and Sudhakar Reddy. P4 
(1 & 2.  Research Associate, 3. Principal Scientist & Head, 4. Senior Scientist, 

Farm implements and Machinery Scheme, ARI, PJTSAU, Rajendranagar, Hyderabad)

Introduction:  
Rice (Oriza Sativa) is the most important cereal crop 
and staple food in most of the south-east Asian 
countries. India is the largest grower of rice in the 
world and it occupies the largest cropped area of 
44.2 M ha with a total production of 87.5 Mt and an 
average productivity of 1.9 t ha-1 (Duraisamy et al., 
2011). However, it ranks second to China in terms 
of production. The efforts are required to extend 
the quantum of rice production to 120 million tons 
by 2020 AD from its present value for sharing the 
national food grain production basket to meet out 
the requirement of the burgeoning population of 
the country (Anonymous, 2002).

The manual rice transplanting method gives 
the desired result but the labour requirement is 
very high. It involves labour intensive operations 
like nursery raising, uprooting of the seedlings, 
transporting and transplanting them in the 
main field requiring about 280-350 man-h ha-1 
(Anonymous, 1999). High labour demand during 
the peak transplanting period adversely affects the 
timeliness of this operation, thereby, reducing the 
crop yield. Timeliness of rice transplanting is essential 
for optimizing the yield and this can be achieved 
only through the mechanical transplanting. 

Considering the major constraints regarding the 
mechanization a study is conducted to investigation 
on design, development and evaluation of 8-row 
paddy transplanter as an attachment to four wheel 
drive tractor. 

Material & Methods: 
The design and development of 4-wheel drive 22 
hp tractor mounted paddy transplanter was carried 
out at FIM scheme, Rajendra nagar, Hyderabad. 
The standard PTO rpm of a tractor is about 540 
rpm and optimum rpm of the planting fingers at 
transplanting unit is about 120-180 rpm so that a 
reduction gear box/ power transmission system is 
need to be design to reach optimum planting rpm. 
When designing the Power transmission system, 
the speed of travel, rpm of P.T.O shaft of tractor, rpm 
of fingers of planting mechanism was considered. 
The power transmission system is used to reduce 
the speed from tractor PTO to planting mechanism. 
Hence, a practical evaluation of the rpm of the 

Fig. 1.1. Reduction gear box from tractor PTO to planting 
mechanism
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planting fingers was carried out and found that 
the rpm of the fingers to be 120 to 180 rpm. It is 
evident that in order to have planting mechanism 
effective, the planting gearbox input shaft has to 
be run at 120-180 rpm i.e. the PTO rpm of 540 to be 
reduced to 120-180 rpm hence, it is evident that the 
rpm reduction of 3.5:1- 4:1 needs to be worked for 
the reduction gear box. Also, one more important 
finding during the study was that the planting 
mechanism input shaft direction was opposite to 
that of tractor PTO rotation direction. An idler gear 
was incorporated in the gearbox to achieve the 
desired rotation of direction. The reduction gear 
box is shown in fig.1.1 

To fabricate the three point hitch systemfor 
attachment of transplanting unit to the 4-wheel 
drive tractor the propeller shaft alignments has to 
be considered. There are two stages of Power drive 
transmission required in this mechanism.

1. Tractor PTO shaft to Reduction gearbox. (Input 
shaft: This was ensured with the universal joint 
mechanism which was used in between Tractor 
PTO and gear box input shaft).

2. Gearbox output shaft to the input shaft of the 
planting mechanism.

The 4 wheel drive tractor mounted 22 hp paddy 
transplanter after attachment is shown in fig 1.2 
and the specifications of the machine were given in 
table 1.1.

Power source 22 H.P four wheel 
drive tractor

Type of planting mechanism Crank type 

Overall Weight with tractor, kg 750 

Weight of planting mechanism 
without tractor, kg

260

Depth of planting, cm 2-4

Type of wheels  Rubber lugged 
wheels with thick rim 

Type of Seedlings Tray type  

Length of planting unit, cm 115

Width of planting unit, cm 192

Height of planting unit, cm 96

Gear box (LxWxH), cm 20x12.5x26

Type of gears Spur gear

No. of gears 5

Type of fingers Fork type 

Type of drive shaft Telescopic propeller 
shaft 

Principle of the machine:
The machine transplants seedlings of mat / tray type 
nursery in eight rows in a single pass. The planting 
mechanism receives power from the Tractor P.T.O 
through universal joint, reduction gearbox and 
propeller shaft. The float facilitates the transplanter 
to slide over the puddled surface. The tray containing 
nursery for 8 rows is moved sideways by a scroll 
shaft mechanism, which converts rotary motion 
received from the tractor P.T.O through universal 
joint, reduction gearbox and propeller shaft into 
linear motion of a rod connected to the seedling 
tray having provision to reverse the direction of 
movement of tray after it reaches the extreme 
positions at ends. Fixed fork with knock out lever 
type planting fingers (cranking type) are moved by 
a four bar linkage to give the desired locus to the tip 
of the planting finger. 

After design the evaluation of the 22 hp 4-wheel 
drive tractor mounted paddy transplanter was done 
in the field for its efficiency in different forward 
speeds and pto combinations. The machine has 
got 2 different pto speeds i.e, pto1 and pto2. The 
machine was operated at three load (L) forward gear 
selections i.e., G1, G2 and G3 with the combination 
of 2 different pto speeds in the field. The trails 

Fig. 1.2.  Four wheel drive 22 hp tractor mounted paddy 
transplanter after design

Table 1.1. Specifications of four wheel drive 22 hp trac-
tor mounted 8-row paddy transplanter.

Power source 22 H.P four wheel 
drive tractor

Number of rows 8

Row to row spacing, cm 24 

Optimum Plant to Plant  
spacing, cm

10-15
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were conducted to evaluate the performance of 
the machine in puddle field at FIM scheme, ARI, 
Rajendranagar, Hyderabad. 

Results & Discussion:
The trails were conducted during the Kharif season 
2015-16 to test the machine. During the operation 
the field performance of four wheel drive 22 hp 
tractor drawn 8-row paddy transplanter was carried 
out at 3 different forward speed gears which were 
operated at lower speed (Low gear) in puddle field. 
The operation of 4- wheel drive tractor mounted 
paddy transplanter is shown in fig. 1.3. The tractor 
was operated with different forward gears i.e., 1st, 
2nd and 3rd gear at low gear, with two different PTO 
selections i.e., 1st and 2nd, it was observed that the 
field capacity of a machine was 0.188, 0.24 and 0.288 
ha/h with field efficiency of 52.80, 60.22 and 60.50 
% at an operating speed of 1.87, 2.09 and 2.5 kmph 
respectively. The fuel consumption was observed as 
1.2, 1.0 and 0.9 l/h for 1st, 2nd and 3rd forward speed in 
low gear respectively the results are shown in table 
1.2.

Planting was satisfactorily with low gear 
combination of PTO1 & Gear1 and PTO2 & Gear 
2. It was observed that the hill spacing’s were 10 
cm for both the combination with the missing hill 
percentage of 6.7% and 6.94% respectively. In the 
other combinations i.e., PTO 1 & Gear 2 and PTO 
2 & Gear 1, it was observed that the hill spacings 
were 15 and 6.5 cm and the missing hill of 7.04% 
and 7.03% respectively. Whereas the combination 
of PTO1 & Gear3 and PTO2 & Gear3, the hill spacing 
and missing hill were 30 and 24 cm and 49 and a 
5% respectively which are not significant. For all 
combinations the average seedlings per hill were 
found to be 2-4 and the average floating hills was 
1-3% the results are shown in table 1.3 and 1.4.

Table: 1.3. Different hill to hill spacings at 2 PTO speeds 
of 22 hp tractor drawn 8-row paddy transplanter.

S. 
No.

Gear selection Average hill to hill spacing at 
diff. pto speeds (cm)

PTO1 PTO2

1 1st  low 10 6.5

2 2nd  low 15 10

3 3rd  low 30 24

Table: 1.4.Parameters of four wheel drive 22 hp tractor 
drawn 8-row paddy transplanter.

S. No. Gear selection PTO1 PTO2

Missing hills, %

1 1st  low 6.7 7.03

2 2nd  low 7.04 6.94

3 3rd  low 48.74 44.94

Floating hills, %

4 1st  low 1 2

5 2nd  low 1.5 1

6 3rd  low 2 3

The cost of operation for 4 wheel drive tractor 
operated paddy transplanter was calculated by 
considering with 2nd forward gear and pto1 as the 
optimum hill to hill spacing (15 cm) was obtained. 
The cost of operation for the machine was observed 
as Rs. 1919/ ha whereas for the conventional method 
of transplanting cost is Rs. 3750/- per ha. The savings 
with machine operation is about Rs.1831/ha over 
conventional method of transplanting.

Fig. 1.3. Field operation of paddy transplanter attachment to four 
wheel drive 22 hp tractor

Table: 1.2.  Performance of four wheel drive 22 hp trac-
tor drawn 8-row paddy transplanter.

S. Parameters Gear Selection

Gear selection 1st  
low

2nd  
low

3rd 
low

1 Average operating 
speed (Kmph)

1.87 2.09 2.5

2 Width of operation (m) 1.904 1.904 1.904

3 Actual field capacity 
(ha/h)

0.188 0.24 0.288

4 Theoretical field capac-
ity (ha/h)

0.356 0.4 0.476

5 Field efficiency, % 52.80 60.22 60.50

6 Fuel consumption, l/h 1.2 1 0.9
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Recommendations:
1. The head land should be leave for 3.5 m to 

operate the 4 wheel drive 22 hp tractor mounted 
paddy transplanter.

2. The operation is done in load gear selection of   
2nd gear with pto1 at the engine rpm in between 
1500-1700 rpm for optimum hill spacing of 15 
cm and smooth running of the machine.

Conclusions:
1. As per the design and analysis of gear box 

results, at the normal mode analysis stage the 
frequency was within the range for the complete 
gear assembly. For the vibration analysis all the 
parts are under allowable limit, hence the two 
analysis are showing the positive results for the 
gear box.

2. During the trails with 1st, 2nd and 3rd forward 
speed in low gear it was observed that the field 
capacity of a machine was 0.188, 0.24 and 0.288 
ha/h with field efficiency of 52.80, 60.22 and 
60.50 % at an operating speed of 1.87, 2.09 and 
2.5 kmph respectively. The fuel consumption 
was observed as 1.2, 1.0 and 0.9 l/h for 1st, 2nd 
and 3rd forward speed in low gear respectively.

3. The optimum hill to hill sapcing was observed 
as 10 cm, 15 cm and 10cm with the missing hill 
percentage of 6.7, 7.04 and 6.94 were obtained 
with the combinations of Gear1& PTO1, Gear2& 
PTO1 and Gear2 & PTO2 respectively.

4. The machine cost of operation was observed as 
Rs. 1919/- per ha operated at 2rdgear whereas 
the cost of operation was observed as Rs. 3750/- 
per ha with conventional method.
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Research Work of the Tamil Nadu State on Farm 
Machinery and Implements

Dr. S. Vijay Kumar, IAS 
Agriculture Production Commissioner, & Secretary to the Government

1.  Modification of Automatic Paddy  of  Automatic 
Paddy tray nursery preparation machine suitable 
for SRI
The present automatic paddy tray nursery 
preparation machines needs modification so as to 
give single seeding when the spike picks seeding 
from the tray for SRI cultivation. 

2.   Turmeric  Planter
The cultivation of turmeric is a tedious and labour 
intensive e operation. Package of machinery 
suitable to turmeric cultivation is available except 
for planting of turmeric tubers into the soil. Hence, a 
turmeric planter may be devised suitably to use the 
tractor of a prime mover. 

3.  Turmeric Harvester
A modified Turmeric Harvester may be developed 
over the present harvester so as to enable excavation 
code and rhyzomes  separation and packing which 
reduce the major portion of the cultivation cost and 
also capable of reducing roots (Rhyzomes) damage 
them existing ones.

4.  Paddy Combine harvester straw –conversion 
as cattle feed.
The paddy straw coming out of the combine 
harvester is of cut pieces not eatable by  animals. 
Hence the sillge making concept may be tried 
using the cut straw ejected more Paddy Combine. 
The molasses, salt etc. which are essential for silage 
making are to bhe incorporated in the silo pit 
specifically designed for this purpose. The baler 
should incorporate a mechanism for mixing the 
molasses, salt etc. with straw layer by layer for better 
quality produce of silage.

5.  Crop/Weed specific Power Weeders
The excessive application of weedicides for 
agricultural crops due to non-availability of farm 
labourers and non-availability of machines for 
carrying out weeding operation has resulted in soil/
water pollution which in turn creates toxicity in the 
agricultural produce leads to cancer etc. For the 
human being. Suitable crop/weed specific Power 
Weeders may be developed for weeding operation.

6.  Coconut Harvesting Machine.
Currently coconut growers are facing the problem of 
coconut plucking operation due to non- availability 
sufficient of Coconut Tree Climbers. The coconut 
tree climbers are demanding an amount of Rs.12/-
for climbing a single coconut free in order to harvest 
the matured coconuts. Hence a suitable coconut  
harvesting machine may be developed so as to use 
the machine around the tree in all direction so that 
coconut cultivation becomes a remunerative to all 
coconut farmers.

7.  Coconut Dehusking  Machine
The power operated coconut dehusking machine 
may be improved further so that the farmers may 
be motivated by way of training and demonstration  
for purchase of the same under agricultural 
mechanization programme.

8.  Channel cleaning cum Sectioning Machine.
A suitable channel cleaning cum sectioning machine 
may be developed to overcome the labour shortage 
in the channel cleaning cum sectioning operations.  

9.  Sorghum Harvester.
A self propelled sorghum harvester may be 
developed to suit the farmers  needs for harvesting 
the sorghum crop for grains and fodder.
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10.  Low cost mechanized cotton picking 
machine 
A low cost cotton picking machine may be 
developed to eliminate the labour requirement, 
without damage to the cotton fibre and seed.

11.  Shadow for the Farm Laborers.
The farm workers have to work in the hot sunshine 
throughout the day for carrying out various farm 
operations, resulted in they become tired and 
their work output reduced considerable. Hence, 
it is very much essential to design and develop a 
suitable labourers mounted shadow giving system 
with less weight. The Umbrella like system may be 
development. 

12.  Farm yard Manure Broadcaster/Fertilizer 
spreader attachment to the Tractor.
The Tractor is used for dumping the farm yard manure 
in the field and manual labourers are engaged for 
spreading the farm yard manure manually. A drive 
from Tractor PTO may be taken to the rear side of 
the Tractor trailor for giving power supply to the 
farm yard manure broadcasting attachment which 
may be attached to the rear side of the trailer and it 
should be able to broad cast fertilizer also.

13.  Tender Coconut cutting machine.
A system consisting of conical shaped internal 
expanding knives with the other end having rigid 
holding system for cutting the tender coconut may 
be developed.

14.  Gingelly crop shaking machine.   
Gingelly or sesame crop is cultivated as oilseed 
crop in Tamil Nadu. After harvest the gingelly crop 
is placed as a heap of mounds for nearly 10 days so 
as to allow the crop along with matcured pods for 
natural composting which inturn allow the pods to 
whether the gingelly seeds while drying takes place 
under  sun drying in the drying yards. Afterwards it 
has  to be shaked manually to separate the gingelly 
seeds from the pods . Hence a gingelly crop shaking 
machine may be developed to overcome the labour 
shortage  prevalent for all crops cultivation in 
general and gingelly in particular. 

15.  Mechanical Detrasher for Sugarcane crop.
Sugarcane farmers are finding it difficult to detrash 
the sugarcane leaves especially after 3 months of 
transplanting. Currently, there is no mechanized 
sugarcane detrashers are available in the market 
to detrash the leaves in 3 months to 6 months old 
standing sugarcane crop.Hence mechanical power 

operated detrashing machinery may be developed 
for Indian condition.  

16.  Tractor mounted Sugarcane Harvesters.
At present the cost of the sugarcane harvester 
is very high and due to that all categories of the 
farmer may not be in a position to purchase . Hence 
a miniature version of harvesters with lower cost of 
sugarcane is required.

17.  Combine Harvester with attachments suitable 
for pulses and Millets 
In most of the areas farmers find very difficult in the 
post harvest processing of minor millets and pulses.
In the absence of suitable machineries,farmers 
follow traditional methods harvest,it need more 
manpower and threshing yard. Most of the people 
using highway road to dry it and for the separation 
of seeds. Hence it is requested to design and 
develop a suitable multipurpose combine harvester 
with attachment for pulses and millets. 

18.  Groundnut pod stripper with auto feeding 
mechanism. 
The existing power operated Groundnut pod 
strippers are not not harvesting any automatic 
feeding Systems. The plant is to be holded by 
using hands of manual labourers in front of the 
striking drums and this will lead to finger/hand 
injuries. Hence, auto feeding system/ conveyor 
holding system of groundnut pod stripper may be 
developed. 

19.  Tractor drawn cassava harvester.
Manual cassava  harvesting requires 40 man hour 
per Ha. To enable the cassava farmers for easy 
harvesting without more damage  Tamil Nadu 
Agricultural University has released the harvester in 
2014. It was the following features. 
1. Unit works well double row in sandy soils and 

with single row in heavy soils at optimum 
moisture content.

2. Coverage was 0.08Ha/hour for single row and 
0.12 ha/hour for double row.

3. Un dug tuber was 2.5 per cent and damage was 
less than 1 per cent.

4. Cost of the harvester is Rs.35,000/-
5. Cost of operation as a single row harvester is 

Rs.6415/ha and it saves 20 per cent of harvesting 
cost  when compared to manual harvesting.

6. Cost of operation of two row cassava harvester 
is Rs.4472/ha and it saves 35 per cent of cost 
when compared to manual harvesting.
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A sugarcane Trash Shredder (Leaf Chopper)

Er. S. mukesh Anil Kumar, Dr. R Vijaya Rani 
DEPARTMNET OF FARM MACHINERY AND POWER ENGINEERING 

COLLEGE OF AGRICULTURAL ENGINERING AND TECHNOLOGY 
CCS HARYANA AGRICULTURAL UNIVERSITY, HISAR. HARYANA

A sugarcane trash shredder (leaf chopper) was 
designed, developed and evaluated. The machine 
consists of two units namely aspirator and shredder 
unit.  Aspirator unit lift the sugarcane leaves from 
the ground by sucking action and then convey it to 
shredder attached behind it.  The shredder chops the 
leaves into smaller pieces and spread it onto ground 
behind the machine.  The average forward speed 
was 2.76 to 3.20 kmph. The straw load was observed 
from 4.0 to 4.2 t/acre. The straw lifting efficiency was 
observed from 85.2 to 92.8%. The average leaf size of 
sugarcane trash before and after the use of machine 
was observed from 100 to 175 cm and 8 to 12 cm, 
respectively.  The quality of mulch and spreading of 
trash was uniform and satisfactory.  The uniformity 
coefficient was from 0.90 to 0.95. The average width 
of shredding was 1.72 to 1.78 m. Field efficiency of 
machine was observed from 76.5 to 80.8 %. 

A tractor drawn multi-crop planter was designed, 
developed and evaluated having provision of 
sowing all major cereal crops, pulses and oilseeds at 
desired row to row as well as seed to seed spacing 
especially for paddy by direct seeding technique 
and Bt. Cotton. A gear box with varying speed ratio 
of 1.6 to 4.5 times reduction from ground wheel to 
seed metering plate was designed. The two depth 
control levers and separate seed hopper and seed 
metering mechanism/attachment with six vertical 
roller discs having 8 cells each was provided for 
small seeded crops. The performance evaluations 
of developed prototype was carried out under 
field condition for field pea, mustard, Bengal gram, 
wheat, Bt. cotton and direct seeding of rice and 
have been found to be satisfactory. 

A view of Sugarcane trash shredder in 
operation

Inclined cell type seed metering plate 
with provision of brush

Gear combination in gear box Multi-Crop Planter

Brush attached

A view of sugarcane leaves before and 
after using Sugarcane trash shredder 

Tractor drawn multi-crop planter 
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Abstract:  
In concern with the mechanization gaps in the 
various operation in the field, department have 
developed various farm machines for the need 
based operation. The PDKV BBF planter cum inter 
row cultivator is the machine which conserve the 
rainwater in-situally. The small tractor operated 
turmeric harvester is the easy way to dig out the 
turmeric rhizomes from the soil and save the cost 
of operation. The small tractor operated inter-row 
cultivator and the crop residue disintegrator helps 
in the resources utilization effectively and the 
minimize the cost of operation. This paper narrates 
the details of the said machines developed in the 
department. 

BBF Planter cum Inter row cultivator 
The productivity of rainfed farming is low as 
compared to the irrigated crop production. The crop 
yield in the rainfed farming is often reduced due to 
the lack of soil moisture.  It is necessary to adopt 
suitable technology to conserve the rain water in-
situ to ensure adequate moisture during the various 
growing stages of the crop in rainfed farming. Animal 
drawn broad bed-furrow former are available but 
their efficiency is very less therefore it is necessary 
to develop suitable tractor operated BBF planter to 
overcome this problem (Srinivas, 2005).

At present various types of BBF former are available 
in which only the ridger is used for formation of 
broad bed. If the field is not well prepared, then 
this will result in the formation of cloddy seed-bed 
so sowing becomes difficult. Available BBF markers 
are used only for BBF formation and sowing is done 
separately which is costly.  BBF farming has many 
advantages in regard to water saving, mechanical 

weeding, fertilizer placement, available moisture 
conservation, less lodging and better crop stand 
(Astatke etal., 2002). In-situ water conservation 
makes the moisture available for the sown crop. Use 
of BBF can have several benefits depending on its 
use. Raised beds are primarily a field drainage tool 
aimed at decreasing water logging and increasing 
crop yield.   Crops like cereals, pulses and oil seeds 
are the main crops in dryland farming. There is scope 
to cultivate such crops using BBF. BBF farming is a 
new idea developed for conservation of water for 
dry land farming. The placement of seed at correct 
depth is very important for proper germination and 
for obtaining optimum plant population per unit 
area of the crop especially under dry land farming 
where soil moisture is at greater depth

Planting technique
The planning of crop as per suitable recommendation 
has importance in sowing practices. In this research 
study, two planting techniques, that is traditional 
and BBF method of planting for chickpeas, safflowers 
and onions crops had been carried.When sowing 
chickpeas, row spacing and plant spacing were 30 
and 10 cm, respectively, in the traditional method. In 
BBF method of planting the same row spacing and 
plant spacing were kept with 30 cm furrow width, 
25 cm furrow depth and 10 cm protection distance 
for chickpea. During the sowing of safflower, row 
spacing and plant spacing were 45 and 20 cm 
respectively in traditional method. In BBF method 
of planting the same safflower, row spacing and 
plant spacing were kept with 30 cm furrow width, 
25 cm furrow depth and 10 cm protection distance. 
During the sowing of onions, row spacing and plant 
spacing were kept 10 and 10 cm, respectively, in 
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traditional method and spacing between rows and 
plants were 20 and 10 cm, respectively with 30 cm 
furrow width and 25 cm furrow depth and 10 cm 
protection distance in BBF method.

Performance of planter 

Crops TFC/
hah-1

EFC/
hah-1 FE/% Speed/

kmh-1

Chick-
pea 0.473 0.342 72.30 3.38

Saf-
flower 0.544 0.400 73.53 3.20

Onion 0.564 0.400 70.92 4.03 Small Tractor Operated  in-situ Crop Residue 
Disintegrator
A machine was design to facilitate in-situ crop 
residue incorporation into the soil. The machine was 
design to suit the operating power of small tractor.  
The various components of the machine have 
been designed by considering the agro-technical 
parameters of the cotton stalk.  The working size of 
the machine has been considered by using the row 
to row spacing of the cotton crop. The peripheral 
speed requirement for better operation of machine 
has been found to be 1695 rpm. The kinematics of 
the working blade has been explained in the study 
for better understanding of cutting behaviors of 
the blade.  The average power requirement for 
operation of the machine was worked out to be 
12.1 hp at which effective length of blade and the 
thickness of blade were found to be 650 mm and 6 
mm respectively. The designed power transmission 
system delivers the suitable power with rotor rpm of 
1695 at which torque is found to be 5.83 kg-m. The 
rotor shaft diameter found to be 40.24 mm.

Small Tractor Operated Inter-row Cultivator
A small tractor operated inter-row cultivator 
was designed, developed and evaluated for its 
performance. In design of inter-row cultivator, 
agro technical and operational parameters were 
considered to find out various design components 
of machine for the operational speed of 3.5 km/h.  
The width cutting blades (full and half ) sweep 16 
cm and 8 cm respectively.  The blade have been 
fabricated in such manner that they cut the weed 
root and gives minimal soil pulverization which 
resulted in less soil moisture. The approach angle 
of sweeps was 600 and friction angle of sweep was 
150 and size of shank 20 mm x 20 mm. The frictional 
angle increases from 180 to 450  and apex angle of 
600  the frictional force increases 27.85 kg to 85.73 
kg at the constant of tangential force of 61.45 kg. 
During the field operation, the speed operation of 
machine was 3.1 km/h. The average draft of inter-
row cultivator was found to be 261 kg, the fuel 
consumption 1.11 l/h for field test. The weeding 
efficiency was found to be89.3 per cent. 
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Small Tractor Operated Turmeric harvester
The soil working harvester was developed to up-root 
the turmeric rhizomes. The total working load was 
found to be 0.5984 N/cm2. The draft requirement for 
the speed (2 km/h) selected was worked out to be 
4583 N at which the power (PTO) estimated to work 
the machine properly was 7.16 hp. The effective field 
capacity of tuber crop harvester was found to be 
0.129 ha/h. The average depth of operation during 
the operation was found to be 20.2 cm. The digging 
efficiency of the machine was found to be 98.82 % 
and percentage of damage rhizome was found to 
be 1.32 %. The field efficiency of the machine was 
found to be 80.57 %. The cost of operation was 
workout and found to be ` 1913.79/ha, with 33.21 % 
saving over traditional method of harvesting.
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Abstract
The research collaboration between the farm 
machinery manufacturers and scientists by using 
a computational optimization tool will serves 
the purpose of precision manufacturing of 
agricultural machinery components. The design 
and development of machinery by computational 
methods such as Finite Element Analysis, Simulation 
cycle for the structural analysis. The use of CAE 
analysis software identifies the design defects and 
failure diagnosis by FEA method. The stress and strain 
distribution after simulation cycle under the loading 
and boundary condition results the indicative 
observations in changing the design specifications 
for the preparation of a final manufacturing design. 
The various soil interfaced or harvesting tools 
needs to precisely design for the  optimum energy 
utilization with an efficient and quality operations 
The present research introduces a). Fixed frame 
type portable earth auger mechanism and b). 
Multi-nut de-hulling machine (MNDH) are research 
experimented. The earth auger introduces with 
comfortable cantilever arm mechanism supported 
by fixed frame and provision of exchange of 9’, 10’ 
12’ drill bits and 3.5hp-6.5hp engines as a custom 
application. The fuel and operational cost is approx.
Rs.10/pit. The M.N.D.H. machine also introduces 
vertical cut-plane lever arm mechanism with 
spring restore system and provision of exchange of 
different cutters and fixtures for dehulling operation. 
The shelling/dehulling/cutting efficiency is ranging 
from 82 to 100% for almond, walnut, marking nut, 
areca nut. 

Keywords: earth auger, dehulling, computational 
methods, CAE-analysis, FEA, simulation,  

Introduction
The computational method is most precision 
method in achieving a specifications of products to 
be designed in virtual software field environment 
by simulation cycle. The present research work 
introduces a Computational aided design, drafting, 
manufacturing and engineering analysis software 
to get an update , accurate and precision geometry 
by several iterative and mathematical perfections 
in developing a  quality service of agricultural 
machinery and implements. The ‘Smart’ agricultural 
machineries and implements are indispensable 
parts of precision farming, both in data collection 
and the delivery of variable rate technology.

The following farm machinery, tools and 
implements are experimentally exercised in 
the CAD software simulation environment for 
design optimization and preparation of new 
conceptual solid models for its design specification 
confirmations for manufacturing process. This also 
helps in developing a standards of farm machinery 
tools connected with soil or plant interfaced acting 
against static or dynamic forces. The forces acting 
against material properties and geometry created 
on tools or components of machinery assembled 
together with their combined effect in optimizing 
energy with operational comforts and quality 
services.  

a). Fixed Frame Type Portable Earth Auger 
Mechanism.

Design Experimentation:

yy The use of the hand held motorized auger by 
two operators, has the following limitations 
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yy It is difficult to control due to the weight of 
the device and vibrations created are directly 
impacting on the body. 

yy The present research applies the computer 
aided engineering analysis and optimization 
techniques for the modification of manually 
operated auger using trolley support system 

yy The properties of soil and auger components 
are considered for computational analysis.

yy The simulation results as shown in fig3.below 
for identifying the structural stresses. 

Table 1.a)Material used in Eaarth auger machine                

Sr. Material 
Names

Material Properties

Elastic 
Modulus 
(N/mm2)

Pois-
son 

Ratio

Density
(N/mm3)

1 High carbon 
steel

1.97 x e11 0.29 7.48 x e-9

2 Cast Iron 1.20 x e5 0.28 7.2 x e-9

3 Mild Steel 2.10 x e5 0.3 7.89 x e-9

4 Aluminum 6.5 x e5 0.33 2.7 x e-9

5 G.I 1.7 x e5 0.29 7.85 x e-9

b) soil resistance

Sr. Types of soil Soil resistance (Kg/cm2)

1 Sandy soil 0.2

2 Sandy loam 0.3

3 Slit loam 0.35-0.5

 4 Clay 0.4-0.56

     

c) Soil Moisture

Sr.
No.

Types of soil Optimum moisture 
content(%)

1 Sandy soil 3.5

2 Sandy or Slit loam soil 5.8

3 Clay loam 7.18

4 Heavy Soil 13.3

yy There are several regions for substituting 
materials in existing products:
a. Reduce the cost of material and processing.
b. Improve manufacturing and assembly, 

installation and conversion to automated 
assembly.

c. Increase the stiffness-to-weight and 
strength- to-weight ratios of structure.

d. Reduce the need for maintenance and 
repair.

yy The materials used for design of cutters and 
fixtures are mentioned below in the table. 
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Conclusion:
yy A proposed research work introduces an easy, 

quick and low-cost technology with quality 
pit production for horticultural, forestry, field 
fencing and farm structure construction 
activities 

yy The conceptual model is prepared and software 
tested for its specifications derived for fabrication 
of supporting trolley consisting of main frame, 
transport wheels, and handle. The device is field 
tested with an ergonomic evaluation.

yy The performance and field testing is done with 
improvements in increasing a speed of pits 

making operational features such as 40 pits/ hr, 
up to 1.0 m depth and 0.30m diameter.

yy The drill size of 9’.10’, 12’ can be used with 
a provision of engine of 3.5 - 6.5hp engine 
exchange facility.

yy The production of pits per hour cycle is 
determined such that 

yy The total productive time = 35.25min (with 
Trolley) and Total idle time = 24.75min;  

yy The Average Cost/pit = Rs.10.00; fuel 
consumption 1 lit/hr or 50ml/pit 

yy The production of pits per hour cycle is 
determined such that 
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b). Multi Nuts De-Hulling (M.N.D.H.) Machine

Design Experimentation:

The Present research work introduces a different 
types of cutters and tools which can be arranged for 
dehulling operation in one platform by exchanging 
a operative tool and raw material fixture set .The 
different types of nuts such as Marking-nuts, Wal-
nuts, Cashew-nuts, Areca-nuts, Almond, Amla, 
Pistachio etc. can be operated by using a same 
platform using a vertical cut plane post-harvesting 
mechanism. The present study applies computer 
aided engineering analysis and optimization 
techniques.

Fig.1.  CAD-Drafting and CAE-analysis for final design specification confirmation
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Table 2.  MNDH-tool material properties for CAD-Analysis

Sr.
No

Material Names Material Properties

Elastic Modulus (N/mm2) Poisson Ratio Density(N/mm3)

1 High carbon steel 1.97 x e11 0.29 7.48 x e-9

2 Cast Iron 1.20 x e5 0.28 7.2 x e-9

3 Mild Steel 2.10 x e5 0.3 7.89 x e-9

4 Aluminum 6.5 x e5 0.33 2.7 x e-9

5 G.I 1.7 x e5 0.29 7.85 x e-9

Machine Performance
 The results obtained from existing machine for 
marking nut, walnut, as a selected sampling nuts 
are exercised and the average performance for all 
products are as shown in following table 

Fig. 2. Average mechanical damage, shelling efficiency, and 
product material efficiency

The results obtained by modified machine for 
marking nut, Almond, Walnut and areca nuts as a 
selected 100 sampling nuts are shown in table 3

                    
Table No.3: Operational parameters for different Nuts

Sr. 
No.

Material Average op-
erational time for 
100 pieces (hrs.)

Product 
material ef-
ficiency (%)

Shelling ef-
ficiency (%)

Mechanical 
damage (%)

Throughput ca-
pacity (Kg/hr.)

1 Marking nut 0.4 87.22 97 12.78 0.60

2 Almond 0.4 85.29 96.75 14.71 0.60

3 Walnut 0.4 82.00 96.81 18.00 2.50

4 Areca nut 1.5 95.00 ----- ------ 1

 The comparison between modified machine and existing machine is mentioned below

Table no.4: Comparison between Steel Body Machine & 
M.S. Body Machine   

Parameters Steel Body M.S. Body

1.  Cost Rs.4000/- Rs.2100/- Only

2.  Mechanical damage 15 to 20% 11.00%

3.  Product efficiency 80 to 85% 85.29 to 
87.22%

3.  Material Stainless 
steel Mild steel
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Conclusion:
yy The proposed machine is better than the existing 

machine. The notch type dehulling/shelling and 
curved blade type dehulling/shelling in vertical 
cut-plane is suitable. 

yy The Computer Aided Engineering Analysis 
(CAE) and its FEA based simulation is done for 
structural analysis and forces optimization in 
MNDH mechanism. 

yy After successive iterations in simulation based 
modelling the final specification of MNDH 
design was confirmed and manufactured.

yy The Ergonomic evaluation of machine is carried 
for continues trial of 30 min was taken for work 
with three replication observed after evaluation. 

yy The average calculated parameters for 100 
pieces in MNDH-processing unit mechanism

 ¾ Product material efficiency: 87.37%; shell 
 ing efficiency 97.64%;

 ¾ Mechanical damage: 12.36%; Throughput  
 capacity: 1.17 (Kg/hr.)

yy The punches, cutters and processing unit tools 
are easier to exchange for different nuts.

yy The steel body MNDH machine is developed 
and the design optimization is done by change 
of material resulted with cost minimization. 

yy The Cost of modified machine is reduced from 
Rs. 5000.00 to Rs.2100.00
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Pigeon pea (Cajanus cajan L. Mills) is an important 
pulse crop in India. It is also known as red gram; 
Arhar and Tur. Pigeon pea is mainly cultivated and 
consumed in developing countries of the world.  
India is the largest producer and consumer of 
pigeon pea in the world. Pigeon pea accounted for 
about 20 per cent of the total production of pulses 
in the country. Maharashtra is the largest producer 
of pigeon pea accounting for nearly 39.24 per cent 
of the total production followed by Uttar Pradesh 
(11.85 per cent), Madhya Pradesh (7.83 per cent), 
Andhra Pradesh (10.94 per cent), Gujarat (10.65 
per cent) and Karnataka (17.57 per cent). These six 
major states together contribute about 88 per cent 
of the total production and about 80 per cent of the 
total area in the country in 2010-2011. Among major 
pigeon pea growing states, Maharashtra has the 
largest area under the crop. Maharashtra accounts 
32.37 per cent of the total area in the country 
followed by Karnataka (18.76 per cent), Andhra 
Pradesh (12.75 per cent), Uttar Pradesh (10.14 per 
cent), Madhya Pradesh (9.64 per cent) and Gujarat 
(7.30 per cent), whereas productivity is highest in 
Gujrat (1109.43 kg/ha) followed by Maharashtra 
(921.70 kg/ha), Uttar Pradesh (888.59kg/ha).( 
Directorate of Economics and Statistics, Department 
of Agriculture and Cooperation.)

Importance of the study
The harvesting of pigeon pea is done traditionally 
by manually operated sickle which demands 
considerable amount of labour, drudgery and more 
time to harvest. This reflects on the total cost of 
harvesting and the cost of production of the crop. It is 

estimated that harvesting of crops consumes about 
the 25-30 per cent of the total labour requirements 
of the crop production system. Timely harvest of 
the crop is vital to achieve to quality produce and 
reduced the loss. The shortage and unavailability 
of labour during harvesting results heavy losses to 
the farmers. The harvesting of pigeon pea required 
on an average about 160 man hours per hectare. 
The total cost of harvesting per hectare was 
approximately Rs 3200. An area under cultivation 
of pigeon pea crop is increasing 4.8 lakh-ha (1997-
98) to 5.2 lakh- ha (2010-11) and at the same time 
the labour is shifting towards non-agricultural jobs, 
which needs an immediate attention.

Timeliness of harvest is of prime importance. 
During harvesting season, often rains and storms 
occurs causing considerable damage to standing 
crops. Rapid harvest facilitates extra days for land 
preparation and earlier planting of the next crop. The 
use of machines can help to harvest at proper stage 
of maturity and reduce drudgery and operation 
time. Considering these, improved harvesting tools, 
equipment, combines are being accepted by the 
farmers.

The combine harvesters can be used for harvesting 
of pigeon pea. But there are some limitations i.e. i) 
crop should be ready for one time harvesting and ii) 
Due to the small land holding of farmers in India, it is 
not economical. The rear mounted harvester causes 
visibility problems to the operator during operation 
due to which the operator may loss his control from 
tractor. The harvesters which are being used to 
harvest this crop were developed for harvesting 
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wheat crop hence use of these harvester causes 
losses and production is reduced on large scale.

In view to mechanize the harvesting of pigeon pea 
crop, a front mounted tractor drawn pigeon pea 
harvester was developed.  The machine was PTO 
driven consisting of cutting unit, conveying unit, 
gear box, propeller shaft, hydraulic motors etc.  The 
harvesting the pigeon pea is two stage process. 
Holding the plant stem and striking the knife on 
stem for cutting.

Development of Harvester
Different varieties (AK8811, BDN2, TAT10, etc.) of 
pigeon pea are grown in Vidarbha region of the 
Maharashtra state. The physical characteristics of 
some important varieties of pigeon pea had been 
studied for various observations like main stem 
diameter at bottom position, crop height, number 
of branches, height of first branch from ground and 
number of pods and approximate average plant 
canopy at the time of harvesting of the crop having 
45 cm row to row spacing.  

 The most prominent parameter responsible for the 
design of machine was height of first branch from 
the ground, stem diameter and moisture content in 
the stem at the time of cutting.   The front mounted 
implement facilitated better visibility and control 
to operator. A frame 1260 × 510 mm was fabricated 
from MS ‘C’ channel on which other component of 
harvester i.e. gearbox (ratio 1:2), main shaft, chain 
and sprocket assembly, cutters and row dividers are 
mounted on the frame. The power is transmitted 
from PTO to gear box. To facilitate the height of 
cut and ease in transportation, a hydraulic cylinder 
arrangement is provided on the equipment.

A Tractor front mounted pigeon pea harvester 
was developed during the year 2011 to 2015. In 
developed implement the height of cut was 10 cm 
above the ground level. A system of chain drive 
arrangement was provided for holding the plant 
during cutting. 

Power Transmission system 
By considering the required rpm for cutting, the 
sprocket of 16 and 32 teeth was mounted on PTO 
shaft and propeller shaft respectively. The chain 
used was 3/4” was used. The propeller shaft of length 
1440 cm and diameter 25 mm was attached to 
chesis of tractor from lower side with the help of two 
pedestal bearings. Initially power was transmitted 

from PTO to shaft through chain and sprocket 
arrangement, which was further transmitted to gear 
box of implement through two universal joints. The 
universal joints were used for self length adjustment. 
The power from PTO of tractor was used for cutting 
the pigeon pea stem.  

High carbon steel impact shearing type cutting 
blade was used for fabrication of cutter. Cutting 
blade having width 40 mm, thickness 4 mm and 
bevel angle 300 was selected and were fixed on 5 
mm thick M. S. plate of diameter 100 mm with the 
help of rivets. The row dividers were fabricated from 
two M.S. sheet of size 1200 mm x 600 mm x 1 mm. 
These dividers were mounted on the main frame to 
feed the crop to the holding unit and cutting blade. 
Upper belt on the conveying tray was placed at top 
position and hence not getting entangle with the 
plant and therefore the proper action of the plant 
conveying takes place. The position of belts i.e. 
vertical distance between two belts and horizontal 
distance of belt from the conveying tray is suitable 
to create conveying action of cut plant. 

Performance of Harvester
During performance evaluation of developed 
equipment the maximum cutting efficiency and 
field efficiency was found 87.50% and 73.33% with 
2.4 and 3.0 km/hr speed of operation respectively. 
There was increase in fuel consumption with increase 
in speed from 2.4 to 3.0 km/hr. The cost of operation 
of tractor front mounted pigeon pea harvester 
was 25.41% less when compared with manual 
harvesting of pigeon pea crop. As per the results 2.4 
km/hr forward speed was considered suitable for 
operation of newly developed equipment.

Fig. 1 Isometric view of tractor front mounted pigeon pea harvester

Plate 1 Pigeon pea harvester
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The effective mechanization contributes to increase 
production in two major ways; firstly the timeliness 
of operation with good quality of work and secondly 
reduces drudgery in operations. At present, the 
harvesting of Sorghum is done manually with the 
help of sickle. which involves slicing and tearing 
actions that result in plant structure failure due to 
compression, tension or shear. The total harvesting 
of sorghum requires two stages cutting of plant, 
one at the top for separating cobs and second 
at the bottom for fodder which requires double 
labour for harvesting of sorghum. About 25% of 
the total labour for grain production is required for 
harvesting operation alone. Due to urbanization, 
there has been a continuous decline in the number 
of people involved in the agricultural production 
resulting in shortage of labour during the peak 
harvesting season. This condition restrains the 
farmer to maximise the productivity of his land and 
at the same time subjects his crop to losses due to 
untimely harvesting. This situation necessitates the 
introduction of a system of operation which will 
require minimal turnaround time in crop production 
in order to catch up with the next planting season 
and will improve harvesting operation. 

Development of Harvester
The fabrication of the set up was carried out in 
the workshop of department of Farm Power and 
Machinery, Dr. PDKV, Akola. Initially the main 
frame was fabricated and the secondary frame was 
mounted on the main frame. The secondary frame 

was fabricated to facilitate the mounting of electric 
motor. The main shaft made of EN 19 material was 
centrally mounted on the frame passing though the 
secondary frame. The main shaft of the mechanism 
will be mounted on the frame and supported with 
the bearings. It will carry two rotating discs, one at 
the top for cutting cob peduncles and another at 
the lower side for cutting stalks. Two bearings were 
mounted above the rotating disc to compensate 
the truss developing at the shaft. In between the 
bearing a secondary frame attached to the main 
frame. Variable frequency drive (VFD) is mounted 
at one side on main frame. VFD was used to vary 
the speed of rotating disc. A torque sensor was 
aligned on the main shaft in between two bearing 
for measurement of cutting torque. The pulley was 
mounted on the shaft above the second bearing 
which was connected to the electric motor pulley 
with V belt. Two ms pipes were used to fabricate 
stalk holder to hold stalk / cob peduncles during 
cutting trials. 

The disc made of mild steel having specifications Ø 
500 X 10 mm thick was mounted on lower (for cutting 
stalks) and upper end (for cutting cob peduncles) of 
the main shaft. The arrangement was made on the 
rotary disc for mounting of cutting blades at various 
angles. The disc rotates in the clockwise direction 
Two type of cutting blades i.e. straight plain blade 
and semicircular blade were selected for the study. 
The dimensions of straight plain blade were 230 X 
60 X 10 mm while that of semicircular blade were 
Ø100 X 8 mm thick semicircle). 
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Performance of Harvester 
Newly developed Rotary Sorghum Harvesting 
Mechanism was evaluated in the field for cutting 
stalks as well as cobs. The trials were conducted 
on three Sorghum varieties viz. CSV-20, CSV-23 
and CSH-9. The stalk cutting efficiency with plane 
blade was observed maximum (92.98%) for the 
variety CSH-9 and minimum (90.35%) for the variety 
CSV-23 whereas the maximum and minimum 
values of cutting efficiency of cob peduncles with 
plane blade were 89.64% and 87.52% for varieties 
CSH-9 and CSV-23 respectively. The stalk cutting 
efficiency with semicircular blade was observed 
maximum (93.80%) for the variety CSH-9 and 
minimum (91.33%) for the variety CSV-23 whereas 
the maximum and minimum values of cutting 
efficiency of cob peduncles with semicircular blade 
were 90.51% and 88.91% for varieties CSH-9 and 
CSV-23 respectively.

Sorghum is one of the important crops in Vidarbha 
region of Maharashtra State. Harvesting of sorghum 
includes two stage cutting (reaping and nipping) 
hence double labours are required. The operation 
is time consuming and involves drudgery also. 

Fig. 1:  Isometric view of cutting mechanism

Mechanized harvesting of sorghum is a need of a day 
which will reduce the drudgery and save the time. It 
will also solve the labour problem to a large extent. 
Hence, the present study was aimed to develop 
cutting mechanism for harvesting sorghum. The set 
up consist of different components such as frame, 
central shaft, electric motor, bearings, two rotary 
discs, two types of blades, torque sensor, variable 
frequency drive, belt and pulley, plant holder etc.  
The developed cutting mechanism was tested in the 
field and observed that the said mechanism gives 
better performance for harvesting Sorghum both 

Plate: 1  Front mounted single row sorghum harvester
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for reaping and nipping operations. Hence it can be commercialized for reducing drudgery in particular in 
harvesting operation of Sorghum and to overcome the labour problem in general.

Plate 2: Field view after harvest Plate 3:  Front view of sorghum harvester
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Innovative Techniques and Tools Required for 
implementation of IPM Programme in India

Dr. Surender Kumar Singh
Principal Scientist, ICAR-NCIPM 

New Delhi e-mail: sk_ncipm@yahoo.com

India is blessed with different flora, fauna, 
geographical and cultural biodiversity.Handling 
all works manually specially agricultural and 
more precise plant protection is not desirable, 
as some of these being of health hazardous in 
nature or tedious in nature viz., handling toxic 
chemical pesticides; mass multiplication of bio-
pesticides including bio-control agents in requisite 
number and quantity; time-bound activities 
(pest surveillance, advisory, management) etc. To 
overcome these hazardous works and tackle time-
bound activities, mechanization and automation is 
required. The precision agriculture, solar-operated 
tools and machines, efficient seed, seedling 
treating mechanism for better absorption of inputs, 
pesticides’ application gadgets, m-based advisory, 
data-capturing mechanism for better e-governance 

and advisory, micro-irrigation tools, mechanized 
storage structures are the need of the time.The 
beneficial fauna (predators, parasitoids, pollinators) 
are decreasing day by day, in the lack of the 
requisite tools, gadgets and precision equipment.  
The genetical potential of the majority of the crops/
plants had already had been well exploited all-over 
the world, however, the exploitation of the field of 
mechanization in agriculture is still in infancy stage. 
Innovative thinking, ideas, handling huge crop 
production, protection, safety gadgets, enhancing 
crop productivity via mechanization still is in the 
back seat. To feed the increasing human-population 
with healthy food, mechanization of the works is 
required. Innovative techniques and machines will 
be a boon for the human –race in future.



ConferenCe on InnovatIons In agrICultural MeChanIzatIon

240

New Research and Innovations in Machinery for Cleaning 
of Hand Picked and Machine Harvested Cotton 

 
ICAR-Central Institute for Research on Cotton Technology, Mumbai

In India all the cotton is handpicked. Despite it 
contains wide range of trashes and contaminants 
to the tune of about 4-5 Cotton picking is tedious 
and labour consuming operation. Because of 
scarcity of labour during peak period and to ensure 
the timeliness of cotton harvesting operations 
efforts are being made for mechanization of cotton 
harvesting in India. The machine picked and 
stripped cotton contains around 15-20% and 30-
35% trash content including sticks, burrs, leaves, etc. 
The trash content in the cotton is the predominant 
parameter in deciding the value of the cotton. Thus 
fetching good price in the market, the baled cotton 
should contain minimal trash and be free from 
contamination. If pre-cleaning is not done, trash 
particles get adhered to the fibres during the high 
pressure baling process. Subsequent removal of 
trash in the blow room at spinning mills becomes 
difficult, expensive and detrimental to fibre quality. 
Pre-cleaning is necessary to improve ginning 
performance and lint quality. ICAR-CIRCOT has 
developed machinery for cleaning of handpicked, 
machine picked and machine stripped cotton. 

Axial Flow Pre-cleaner for on Farm Cleaning 
of Manually Picked Cotton
Axial flow pre-cleaner (Fig.1) is developed for on 
farm cleaning of handpicked cotton with a view that 
the farmers will realizehigh prices for theircotton if 
they clean itand sellit into the market. It consists 
of cylinder, grid bar, top cover, feeder, and power 
drive assembly. It removes small trash particles, 
kawadi, sand and dust. Seed cotton is fed at one 
end of the spiked cylinder through feeder and it 

moves axially along the length of the cylinder as it 
rotates. The rotational motion of the cylinder draws 
the cotton inside and agitates it across the grid 
surfaces. Foreign matter gets dislodged from the 
cotton by the agitating and scrubbing action of the 
cylinders and falls through grid bars. The trash gets 
accumulated in the trash chamber. Capacity of the 
machine is 650 kg/hwith cylinder length of 1200 
mm, diameter of 443 mm and cylinder speed of 225 
rpm. The power requirement is about 1.86 kW. The 
cleaning efficiency of the machine is 30- 40%.

Stick Machine for Cleaning of Mechanically 
Picked Cotton
Stick machine (Fig.2) is developed for cleaning of 
mechanically picked cotton. The stick machine can 
be used for removal of sticks, burrs, leaves, fine trash 
content etc. It improves quality of lint and reduces 
wear and tear of machines. Due to improved 
grade of cotton, ginners will fetch premium rates 
which indirectly benefit the cotton farmers. Major 
components of the machine are hopper, feeder, 
kicker cylinder, saw cylinders, doffing brush 
cylinders,loading brushes, grid bars and deflectors. 
The feeder receives seed cotton from the hopper 
and delivers it to kicker cylinder. The kicker cylinder 
loosens the seed cotton and kicks it to the first stage 
of the machine. Then, the seed cotton is reclaimed 
and further cleaned in the second and third stages 
of the machine, respectively. The capacity of the 
developed saw cylinder is 800 kg seed cotton/h 
with cylinder length and diameter of 600 mm and 
420 mm respectively with a cylinder speed of 360 
rpm. The power requiredto run the machine is 

P. G. Patil 
Director
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Senior Scientist
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4.5 kW. The stick removal efficiency and fine trash 
content removal percentage is 87.0 % and 49.6 %, 
respectively.

Saw Band Cleaner for Cleaning of Mechanically 
Picked Cotton
Saw band cleaner (Fig.3) is used for removal of 
fine trash and a small amount of burrs and sticks 
remained in the machine picked cotton after 
cleaning by stick machine. It improves quality of 
lint and reduces wear and tear of machines. Due 
to improved grade of cotton, ginners will fetch 
premium rates which indirectly benefit the cotton 
farmers. A saw cylinder cleaner based on the sling 
off principle. The major components of the machine 
are hopper, feeder rollers, opening cylinders, saw 
band cylinders, doffing brush cylinders, loading 
brushes, grid bars and deflectors.The feeder rollers 
receive seed cotton from the hopper and deliver 
it to cylinder cleaning stage of the machine. In 
this stage two numbers of cylinders are used for 
opening and cleaning of the seed cotton. Then, the 
seed cotton is kicked to saw band-cleaning stage. In 
the saw band stage of cleaning a saw band cylinder 
is used to clean the seed cotton with the help of 
combing and centrifugal actions of its cylinders. 
Then, the seed cotton is fed to reclaiming stage of 
machine. In the reclaiming stage of the machine a 
saw band cylinder is used to recover the good fibres 
from waste of the first stage.The capacity of this 

machine is around 1000 kg seed cotton/h with main 
cylinder length and diameter of 900 mm and 435 
mm respectively with cylinder speed of about 430 
rpm. The power required to run the machine is 4.5 
kW. Fine trash removal efficiency of machine is 32-
40% depending on the quality of raw cotton

Onboard Cleaner for Cleaning of Machine 
Stripped Cotton
An Onboard Cleaner(Fig. 4) based on sling off 
action is developed for on-field cleaning of 
machine stripped cotton. The developed cleaner is 
integrated with the indigenously developed cotton 
stripper. The onboard cleaner is attached at the rear 
side of the tractor and connected to belt conveyor 
for feeding of the stripped cotton. The outlet of the 
onboard cleaner is attached to a cotton storage 
basket. The length, width and height of the cleaner 
are 600, 1300, 1900 mm, respectively. It consists of a 
440 mm kicker cylinder for breaking of cotton pods 
and bracts, a 286 mm dimeter saw channel cylinder 
for cleaning of cotton and a 222 mm diameter 
saw channel cylinder for reclaiming of cotton. The 
cleaned cotton is blown towards a cotton storage 
basket attached at the end of the stripper harvester 
while trashes are collected at the bottom of the 
machine. The capacity and cleaning efficiency of 
the onboard cleaner is found to be 1000 kg/h and 
around 60% respectively. 

Fig.1 Axial Flow Pre-cleaner Fig.2 Stick Machine Fig. 3 Saw Band 
Cleaner 

Fig. 4 On-board Cleaner integrated with cotton 
stripper 
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Conservation Agricultural Machineries for Effective Weed 
Control and Energy Efficient Eco-friendly Agriculture

C R Chethan, A R Sharma & P K Singh

Conservation agriculture (CA) is a resource 
conservation technology and mitigates an adverse 
climatic impact that has higher profitability. This 
technology involves basic three principals such as 
minimal soil disturbance, year round soil cover and 
crop rotation. Conservation agriculture provides 
many ecosystem services, instrumental in improving 
agricultural productivity, reducing moisture deficits, 
breaking up pest and disease cycles, minimizing 
weeds, enhancing nutrient cycling and soil fertility, 
improving the biodiversity of soil biota, reducing soil 
erosion, reduction in emission and increasing carbon 
sequestration (Freidrich et al., 2016). Conventional 
tillage seed bed preparation involves ploughing, 
harrowing, seeding and fertilizer application by 
different machineries, but the tillage operations are 
energy intensive and create problems in timeliness 
seeding of succeeding crop. The tillage and crop 
establishment accounts to 25–30% cost of the total 
wheat production cost in rice–wheat (RW) cropping 
system of South Asia leading to lower benefit:cost 
ratio (Kumar et al., 2013). Additionally sowing of 
wheat in conventional system needs fine seedbed 
prepared by 4-5 tillage operations which take 7-8 
days time and ₹ 1500-1600/acre financial liability for 
land preparation. The tillage operations increase the 
cost of production but they have hardly any benefit 
for increasing the grain yield of crop.  Further, there 
is a great concern about reduction in soil fertility, 
scarcity of farm labour, declining water table 
and high cost of production under conventional 
agriculture. The green revolution in India made the 
agriculture into an energy intensive production 
system and present changing scenario of escalating 
fuel, fertilizers, and other input costs, necessitates 
the effective use of energy and other vital resources 
in agriculture. 

Farm mechanization plays a vital role for the success 
of CA based resource conserving technologies 
(RCTs) in different agro-ecologies and socio-
economic farming groups. It ensures timeliness, 
precision and quality of field operations; reduces 
production cost; saves labor; reduces weather 
risk in the changing climatic scenarios; improves 
productivity, environmental quality, sustainability 
and generates rural employment on on-farm and 
off-farm activities. 

Harvesting of major crops like rice and wheat started 
with combines and the residue management has 
become a major issue in many states including 
central India. India produces about 500 million 
tons (Mt) of crop residues annually. About 25% of 
nitrogen, 25% phosphorus, 50% of sulphur and 75% 
of potassium uptake by cereal crops are retained 
in residues, making them valuable sources of 
nutrients. However, rice straw has found no local 
economic uses and remains unutilized. Rice straw 
incorporation is practiced by less than 1 % farmers 
as it is energy and time-intensive and delays wheat 
sowing (Padre et al., 2016). Large portion of the 
residues, about 140 Mt, is burned in field primarily 
to clear the field from straw and stubble after the 
harvest of the preceding crop, thus emits the large 
amount of green house gases into the atmosphere. 
This is the unhealthiest practice as it leads to loss 
of precious plant nutrients and environmental 
problems. This problem can be easily tackled by 
using CA technologies with the help of related 
machineries. To manage the straw cost effective 
machineries include straw management systems 
(SMS) for combine, happy seeder (HS), zero-till 
seed-cum-fertilizer drill (ZT drill) and such other 
machineries has been developed. The SMS system 
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along with combine evenly spreads the previous 
crop straw as mulch; ZT drill directly drills the seed 
and fertilizer into an un-ploughed land; HS cuts and 
manages the standing stubble and loose straw in 
front of the furrow openers, retaining it as surface 
mulch and sows wheat in a single operational pass 
of the field. Thus reduces the number of operations, 
fuel consumption, labor requirement and advances 
the sowing period. Operational costs for sowing 
wheat are 50-60% lower with HS/ZT drill than with 
conventional sowing (Sidhu et al., 2007). Usage 
of herbicides in CA made the weeding operation 
as economical and feasible. The power operated 
sprayers either engine or tractor operated one 
reduces the large number of labors required for 
hand weeding and manual spraying. Further by 
maintaining the straw residue as a mulch increases 
the soil organic carbon to 2.86 Mg ha-1 in 0-30 cm 
layer soil depth (Singh et al., 2016), equal or higher 
grain production and effective weed control over 
conventional practices. Additionally reduction in 
number of tillage operations and avoiding the 
heavy machineries in CA enhances the soil bulk 
density soil, water holding capacity and avoids 
the soil compaction. By using the conservational 
agricultural machineries the operational field 
capacities, specific energy and energy usage 
efficiencies can be increased up to 81%, 17% & 13% 
respectively with the improved crop productivity, 
tillage/seeding efficiency and enhanced income 
upto 33% (Kumar et al., 2013).
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Farm Tools and Equipments for NEH Region of India

Arvind Kumar & Hijam Jiten Singh
Division of Agricultural Engineering 

ICAR Research Complex for NEH Region, Umiam, Meghalaya - 793103

The Northeastern hill region of India offers scope 
for cultivation of a wide variety of agricultural and 
horticultural crops due to diversities in topography, 
altitude and climatic conditions. The proper 
utilization of natural resources and use of improved 
cultivation practices are essential for raising the 
agricultural production and productivity of the 
region. About 80 percent of the farmers of NEH 
region belongs to small (<1.44 ha) and marginal 
(<0.40 ha) category. The agricultural production 
system of the region is predominantly traditional. 
Shifting cultivation popularly known as Jhum 
cultivation is widely practiced across the region, 
which is full of drudgery and subsistence in nature. 
Most of the cultivation practices of the region still 
depend on animate source of farm power and use 
of mechanical power is limited. Majority of the 
agricultural operations are performed manually with 
the help of traditional farm tools. The agricultural 
productivity of the region is greatly affected due 
to use of primitive hand tools involving lots of 
drudgery. The use of heavy machinery is limited 
due to undulating topography and small size of 
holding. However, there exists scope for adoption 
of light weight power machinery, modification 
and improvement in the efficiency and operational 
comfort of the existing hand tools of the region. 
During the past two decades, the research and 
extension activities have brought out several farm 
tools and implements suitable for hill agriculture 
and commendable achievements have been made 
in manufacturing of these tools and implements. 

Different designs of long handle weeders (circular 
blade weeder, hand fork, garden rake, grass 

slasher and V-blade weeder) were developed as an 
improvement over traditional hand tools. Metallic 
tip dibbler was developed for manual sowing of 
bold seeds on steep slopes. Manual fruit harvesters 
(hold and cut type, hold and twist type) were 
developed for use in hilly orchards. Light weight 
power tiller operated seed drills (fluted feed and cell 
plate type metering mechanism) were developed 
for use in narrow terraces. Adjustable row marker 
was developed for marking rows in pulverized 
field and zero tillage row makers for making rows 
in un-ploughed land for sowing seeds manually. 
Under feasibility trials light weight power tiller 
with cultivator, ridger/furrower and rotary tiller 
attachments were tested and found suitable for 
cultivating narrow terraces where conventional 
power tiller cannot be taken due to lack of proper  
approach road. Power tiller seed drill developed at 
CSKHPKV Palampur having fluted feed roller type 
seed metering mechanism was tested for adoption 
in the region and found suitable for sowing in valley 
and terraced land having proper approach road.

Paddy being the main cereal crop of the region, 
efforts are being made to adopt/develop suitable 
machinery for mechanization of paddy cultivation 
in the region. Commercially available Paddy drum 
seeder (plastic body having 2 drums) has been 
tested for its feasibility for direct sowing of paddy. 
It is found suitable for sowing in terraces and valley 
land. Hand operated winnower was modified and 
adopted for cleaning threshed paddy. A power 
operated light weight thresher cum cleaner was 
developed for threshing and cleaning of paddy in 
one operation.  
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Innovations in Mechanization for Seed Spice Crops

Lal G. Singh R. & Maheria S.P.
(National Research Centre on Seed Spices, Ajmer Rajasthan)

Cumin, coriander, fennel and other seed spices are 
being grown in India since ages and very little had 
been done on the front of scientific and technological 
interventions. However, since the establishment of 
the National Research Centre on Seed Spices, Ajmer 
remarkable changes are taking place in most critical 
areas of mechanization including the development 
of new technologies as well as modernising the 
existing machines.

Seed spices known as low volume high value crops 
come under important export commodities. India 
exports raw as well as value added products of seed 
spices to nearly 70 countries and meets about 45 
percent of the global demand which is increasing 
at the rate of about 8-10 percent annually. For 
increasing the productivity and the production 
of the seed spices under the current scenario of 
diminishing natural resources, climate changes and 
weather shifts mechanization is one of the trusted 
solutions to the problems.

Innovations in mechanization for seed spice crops 
especially for cumin, coriander, fennel and ajwain 
have helped in achieving better production, 
quality and timely completion of operations. A few 
innovations made by National Research Centre on 
Seed Spices Ajmer and its collaborating research 
organizations are listed below:

Modified seed cum fertilizer drill: 
A team of scientist from CIAE Bhopal, SDAU Jagudan, 
Gujarat and NRCSS Ajmer worked for modifications 
in the available various models of seed cum 
fertilizer drill based. Three most popular models of 
the seed drills available in the market were picked 
up for rigorous trial for major seed spice crops and 
their field testing by NRCSS Ajmer team in various 
districts of Rajasthan state and SDAU Jagudan in 
Gujarat state. A modified seed cum fertilizer drill 

was developed and introduced in the seed spices 
growing areas and a wide spread acceptability of 
the machine has made it a success story.

Mobile seed processing unit: 
A compact seed spices processing unit mounted 
on a tractor trailer was innovated by a team of CIAE 
Bhopal, SDAU Jagudan, Gujarat and NRCSS Ajmer 
under National Agricultural Innovation Project 
(Component II). The unit comprising of various 
individual sub units viz. seed cleaning unit, aero 
separation unit, seed grading unit, V-belt conveyor 
unit, gravity separator unit and a DG set mounted 
on the trailer to run the motors. The machine model 
has run successfully for all the seed spice crops 
however, initial cost is high and market adaptability 
is yet to be developed.

Plug tray seedling production technology for 
seed spices
In seed spices, the process of seed germination is 
very slow which may take several days to germinate 
after sowing. On the other hand, most of the seed 
spices are sown in dry fields by broadcasting 
followed by light surface irrigation. Low vigour 
and slow germination rate of these crops permit 
the weeds to proliferate faster in the initial 30 
days, which create tough plant-weed competition. 
Therefore, at initial stage of 50-60 days of sowing 
high labour input is required for weeding and 
hoeing. Moreover, for maintaining the soil moisture 
status the upper layer of sandy or sandy loam soil, a 
minimum of two to three irrigations are inevitable 
for enhancing germination and growth in the initial 
period of 30 days. This practice is common in western 
Indian parts of Rajasthan and Gujarat. In addition, 
some times when the farmers grows cluster bean 
during kharif, the crop is mostly harvested by the 
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end of October to mid-November, whereas, the 
recommended optimum time for sowing of some 
seed spice crops like fennel, dill, ajwain, celery is by 
mid-September to end of September and therefore, 
it may not be possible for the farmer to take such 
crops in continuation to cluster bean. So, looking to 
the above narrated problems, an effective solution is 
to have an alternative technology rather than direct 
sowing of seeds after harvest of the kharif crop. 
Raising seedlings in nurseries provided solution 
to both the problems according to an experiment 
conducted at NRCSS, Ajmer. The seedlings of crops 
viz., fennel, dill, ajwain and celery were raised in 
soilless media (i.e., coco peat) in plastic beds and 
also in plug trays and 50-60 days old seedlings were 
directly transplanted in the fields. Both the systems 
of nursery rising showed 95-100% success rate in 
seeding establishment except in ajwain. Therefore, 
plug tray nursery raising technology was found 
suitable for fennel, dill, ajwain and celery. 

Transparent plastic covered high tunnels for 
drying kasuri methi during winter season
Rajasthan, the land of seed spices is having a typical 
climate condition for growing high quality kasuri 
methi in the Nagaur district. The soil type above 
surface climate in water quality in combination 

with the local genotype adds the value to the 
crop. Indian kasuri methi is exported around the 
world. In Mundwa region of the Nagaur district, 
the concentration of kasuri methi cultivation is very 
high and interaction with the farmers revealed the 
serious problem in drying in open fields. The crop 
is harvested multiple times during the season and 
a drying circle goes on simultaneously in rabi. 
Hence, winter rains through western disturbances, 
frost, low temperature stress and bright sunshine 
during day time deteriorate the desired quality with 
respect to color and aroma. Even biotic damage is 
also observed in humid conditions. To overcome 
the problem, NRCSS, Ajmer demonstrated a very 
simple and feasible technique of using High Tunnels 
covered with transparent plastic during the winter 
season. This not only saved the crop from rains, 
frost and other damage but also reduced the drying 
period by two days compared to 4-5 days in open 
fields. The tunnel dried product obtained 20-25% 
premium price compared to traditional dried kasuri 
methi. 

The research on new innovations and modifications 
in the technology is a continuous process and 
NRCSS Ajmer is playing vital role in improvement 
of productivity and production of seed spices 
including the interventions of mechanization. 
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Research and Innovations in Farm Machinery at ICAR-
CIARI, Port Blair, A & N Islands

The solar dryer (Fig. 1) designed by CIARI consists 
of collector panel (2 no’s), solar photo-voltaic cell (for 
providing power to the blower), blower (for drawing 
hot air from collector panel to the drying chamber) 
and drying chamber with vertical stacks holding 
the produced to be dried.  In the chamber, a fan is 
provided to maintain uniform temperature in the 
drying chamber by circulatingthe air.

The CIARI designed solar dryer has shown excellent 
performance in terms of temperature build up. It 
has generated a maximum temperature of   65.7oC 
compared to ambient air temperature (34.8oC) and 
a minimum temperature of 44.3oC during partially 
cloudy days as compared to 34.8 oC and 24 oC of 
ambient air temperature, respectively.  During its 
testing for drying of spices, it reduced the initial 
moisture content (56 -62% on wet basis) to safe 
moisture content (4 - 7%) by taking 30% less time 
than the traditional sun drying.  

1.  Biomass fired copra dryer
A mechanical dryer (Fig. 2) with capacity of 500 
coconuts per batch was designed and fabricated 
using MS frame (2.4 m x 1.2 m x 1.6 m). The drying 
bed made of M.S bar grill kept at a height of 1.20 
m above the ground level. A cylindrical shape heat 
exchanger was designed and fabricated using a 
20 gauge metal sheet. The combustion chamber 
(2.5 m diameter) is made of 2 mm thick M.S. sheet. 
Two galvanized pipes have been connected at 
upper and lower side with combustion and drying 
chambers. The exhaust pipe is connected to the 
opposite end of the fuel inlet.  A 50cm gap is kept 
between combustion chamber and drying bed 
which are divided into two chambers for keeping 
splitted coconut. A door is provided for loading and 
unloading of fuel. For drying of coconut, it was found 
that  it took 20 hours from an initial moisture content 
of 55% (w.b) to a final safe moisture content of 6.0 
% with quality copra. A high drying rate at a rate of 
0.094 g of water/g of dry matter.hr was observed 
during the initial stage of drying. The drying rate of 
copra in the biomass fired dryer was high compared 
to sun drying and traditional “machan” drying due 
to its high heat and mass transfer coefficients.

2.  Coconut dehusker
Central Island Agricultural Research Institute (CIARI), 
Port Blair in its effort to promote post harvest 
technology has ergonomically designed and 
evaluated the performance of pedal (fig. 3 A) and 
hand (Fig. 3 B) operated coconut dehuskar with the 
aim to easy in operatation by an unskilled farmer/
farm women. The  dehusking capacity  of  dehusker  
was  125,  72  and  180 nuts/hr respectively for CIARI 
pedal operated, CIARI  hand  operated  dehusker  
and  local  tool ‘sabbal’.  In case of CIARI deshuker,  
the height can be adjusted as per operator’s 

Fig. 1:  Solar Dryer at Garacharma farm

Solar dryer
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requirement. Operator felt more comfort in operating pedal operated dehusker because safety is ensured 
and drudgery is less in dehusking operation. Operators will not feel stress in chest, abdominal part and waist.

Fig. 3 (A) Pedal operated dehusker Fig. 3 (B)  Hand operated dehusker
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Development of Deep Furrow Sugarcane Cutter 
Planter and Disc Type Ratoon Management Device for 

Mechanization of Sugarcane Cultivation

A.K. Singh1 and A.D. Pathak2

ICAR-Indian Institute of Sugarcane Research, Lucknow 
1Principal Scientist (Farm Machinery & Power) 

& Head, Division of Agricultural Engineering 2Director

The farm mechanization in the context of sugarcane 
cultivation aim at introducing timeliness of 
operation and reducing human drudgery on one 
side and improving overall production efficiency 
on the other. For the purpose a lot of efforts were 
made at Indian Institute of Sugarcane Research, 
Lucknow, to develop various farm machineries for 
mechanizing sugarcane cultivation. The present 
paper deals with the latest two machineries, tractor 
operated deep furrow sugarcane cutter planter 
and disc type ratoon management device, which 
have been developed at ICAR-Indian Institute of 
Sugarcane Research, Lucknow (IISR).

Planting of sugarcane is highly labour and time 
consuming.  It involves cutting of seed cane into 
pieces, opening furrows, placing these pieces with 
fertilizer and insecticide in the furrow and finally 
covering them with a blanket of lightly pressed soil. 
Conventionally, opening of furrow using tractor 
operated ridgers are only mechanized and rest 
of the sugarcane planting operations are done 
manually.  Conventionally, flat method of planting is 
practiced in North India. Furrow method of planting 
in deep furrows facilitates furrow irrigation which is 
the most efficient surface irrigation method. Furrow 
method of sugarcane planting also reduces the 
lodging of sugarcane due to better and deep root 
growth. It also helps in better ratooning. In view of 
the above, a tractor operated deep furrow sugarcane 
cutter planter was developed at IISR. It opens deep 
furrow (20-25 cm deep) and maintains loose soil bed 
at the bottom of the furrow. The designed planter 

consisted of main frame with three point linkage, 
furrow opening, sett cutting, fertilizer metering unit, 
insecticide solution application and soil covering & 
tamping units. Rotary power of tractor rear PTO is 
transmitted to the sett cutting and fertilizer metering 
units. Developed planter was field tested at IISR 
farm. Field trials of the planter were also conducted 
at farmers field of Muzaffarnagar (Western U.P.) 
and East Champaran (Bihar). It performs all the 
unit operations involved in sugarcane planting 
viz furrow opening, sett cutting, sett placement in 
furrows, fertilizer and insecticide application, soil 
covering over setts and its tamping, simultaneously 
in a single pass of the planter. It maintains loose soil 
bed (2.5-4.0 cm) underneath the planted setts. The 
effective field capacity of the equipment is 0.2 ha/h. 
It saves the operational cost of sugarcane planting 
by 50 per cent. In addition to this, the bud damage 
due to excessive handling of seed cane, desiccation 
of setts and loss of soil moisture was also minimized 
in this planter.

Now-a-days burning of trash in ratoon field after 
harvest of sugarcane is avoided rather trash is left in 
the field for decomposition which in turns improves 
soil organic content and trash mulching also helps 
in saving the irrigation water. In view of this a tractor 
operated disc type ratoon management device was 
developed at IISR. It is equipped with two discs for 
off-barring of both sides of row and opening of slit 
(without disturbing the trash mulch) for application 
of fertilizer near to root zone. Provision has been 
made for adjustment of height of the discs as per 
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the height of the ridges in the field. An innovative 
approach has been developed and incorporated 
in the equipment for application and regulation of 
fertilizer. The rate of fertilizer is varied by varying the 
rotational speed of the metering augers (specially 
designed m.s. augers for free flow of fertilizer). 
The rotary speed of metering augers is varied by 
varying the peripheral length of the m.s. ground 
wheel (used for transmission of power to metering 
augers). The ground wheel has been provided with 
spikes. The peripheral length of ground wheel is 
varied by varying the length of spikes. The greater 
the peripheral length of ground wheel lesser will 
be the rotational speed of the metering augers 
for a particular forward speed of the equipment. 
A serrated disc has been provided for shaving of 

stubbles close to the ground surface. The power 
to serrated disc is transmitted from tractor P.T.O. 
through a power train consisted of pulley gear 
box, propeller shaft and universal joint cross. The 
equipment has been tested in the field at IISR farm as 
well as at Baramati and Ahmednagar (Maharashtra). 
The performance of the equipment was satisfactory 
for stubble shaving and application of fertilizer in 
the field even in the fields having trash. 

These machineries have been found effective in 
saving the time and cost and have potential to 
make sugarcane cultivation more profitable besides 
reducing human drudgery. There is need to bring 
these machineries under the umbrella of subsidy of 
agricultural machineries, so that these machineries 
could reach to the sugarcane growers.

IISR Deep furrow sugarcane cutter planter IISR disc type ratoon management device
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New Research and Innovations in Farm Post Harvest 
Mechanization of Millet grains- An ICAR-IIMR Innovative 

Pilot value Chain Development in Millets

Millets are small grained cereals comprising of 
pearl millet, sorghum, finger millet, foxtail millet, 
baryard millet, proso millet, little millet, kodo millet 
which are very important for staple diets for millions 
living in the semi-arid tracts of the country. They 
are highly nutritious with rich minerals, vitamins 
and micronutrients, hence termed as nutricereals. 
They possess high dietary fiber and rich in anti-
oxidants which offer many health benefits varying 
from reducing the diabetes, cardiovascular diseases, 
obesity and celiac diseases.

Millets are climate resilient crops due to C4 nature. 
They are hardy and can be taken up in marginal 
environments with minimal purchased inputs. 
However they have potential to yield very high 
in better soil and water environments. The water 
requirement ranges from 300-400 mm in contrast 
to paddy’s requirement of 1200 mm. They are often 
projected as contingent crops and sustainable in 
wake of vagaries associated with climate change 
scenario. However, the area under millet crops has 
declined drastically over past four decades replaced 
by commercial crops such as cotton, maize, soybean, 
groundnut and pulses. Currently millets are grown 
in 16 m ha producing over 17 m tonnes in the states 
of Maharashtra, Rajasthan, Karnataka, MP, Gujarat, 
Tamilnadu, AP, Telangana, Haryana, Chhattisgarh, 
Uttarakhand. 

Major reasons for this crop replacement are 
low competitiveness, declining consumption 
demand, policy disincentives. The causal factors 
for declining consumption demand is due to 
change in consumer tastes, increase in incomes, 
PDS favoring other cereals like rice and wheat, lack 
of convenience in preparation of traditional foods, 
lack of diversification of processing technologies, 
unexploited nutritional superiority due to lack of 
awareness,  etc.

ICAR-Indian Institute of Millets Research 
(IIMR) erstwhile Directorate of Sorghum 
Research (DSR) under National Agricultural 
innovation Project (NAIP) of World Bank funded                                                                                                                                           
has identified that diversification of processing 
technologies in post harvest processing as a gap in 
utilsation. This constraint is addressed holistically. The 
major hindrance Is absence of primary processing 
machinery which is crucial for utilization as RTC/RTE 
products. We have under NAIP subproject on Millets 
value chain have addressed this issue and developed 
prototypes by retrofitting the existing machinery 
suitable for both pre- and primary processing of 
millets especially sorghum so as to develop value 
added products from millets using other secondary 
processing technologies. We have retrofitted 
about 30 processing machinery technologies to 
make them suitable for millets processing, thereby 
diversifying millets foods from mere traditional atta 
and suji products. Milling, micronisation, parboiling, 
fermentation, extrusion, (cold and hot), flaking, 
popping, puffing, fermentation, malting, blending 
of flours etc. Provided various options to consumers 
backing up with nutritional data (with the help of 
National Institute of Nutrition, Hyderabad). They 
were labeled, packaged and branded under trade 
mark Eatrite and commercialized. 

Currently Eatrite products are being commercialized 
by Big bazaar in Hyderabad and Mumbai cities. 
Thus, pilot study on value chain development 
in millet was a sealed, though project was 
completed in 2012 the innovations continued and 
the prototypes are being scaled up. Some of our 
primary processing technologies are rolled out in 
500 processing clusters across the country under 
Initiative for Nutritional security through Intensive 
millet promotion program.
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Licensing these prototypes and processes including 
product and recipes is being done and close to 20 
entrepreneurs have made MoU with IIMR. In addition 
our pioneering work on processing technologies 

Has had spillover effects, slowly the urban 
awareness is being catching up in midst of fear of 
endemic effect of lifestyle diseases. Many startup 
entrepreneurs, NGO’s , SHG’s, private sector and 
other stakeholders  are involved in this pursuit of 
millet promotion. Processing interventions have led 
to removal of drudgery and inconvenience through 
evolution of RTC/RTE millet foods at least obn a 
pliot scale which can be termed as healthy and 
convenient foods

Way ahead and Future challenges for 
comprehensive revival of Millets in the 
country:
1. Scaling up of processing machinery especially 

primary processing technologies in case of small 
millets

2. Replication of the standardised machinery
3. Horizontal expansion of value added millet 

foods
4. Creating awareness on nutritional superiority of 

millets across the country
5. Policy advocacy for increasing farm income 

through millet cultivation 
6. Value addition at farm gate level
7. Supply chain management issues 
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Details of Technologies Developed by ICAR-IISR, Indore 
and its Commercialization Status 

During 2014-15 and 2015-16

Dr  DEVVRAT SINGH 
Senior Scientist (Farm machinery and Power) 

ICAR-Indian Institute of Soybean Research 
Khandwa-Road, Indore (M.P.) Email ID singhdv123@hotmail.com

S. No. Name of Technology Usefulness/traits  Licensed to 

Specialty soybeans 

Farm machineries developed ,commercialized  and earning royalty for ICAR,DARE, Krishi Bhawan New Delhi

1 Broad bed furrow (BBF) 
Seed drill  

Broad bed furrow (BBF) Seed drill effective-
ly performs in Vertisols and associated soils 
and is attachable to the tractor for facili-
tating formation of broad bed along with 
furrows (channels) on both the sides of the 
beds of desired width and depths and sub-
sequent sowing in one go. It  also helps to 
facilitate supply of irrigation through  the 
formed channels as and when irrigation in 
needed for the sown crop  .

For the large scale production, all farm 
machineries have been commercial-
ized (on  non exclusive license basis) 
to 
M/s New Patidar Iron Works, Station 
Road Rau, Indore (MP)
M/s Rohit Steel Works, Pune (Maha-
rashtra)
M/s Mahashakti Agro Energy & Innova-
tion Pvt.Ltd 5,Mohata Market, main 
Road Wardha (Maharashtra)
M/s S.R. Engineering & Service Sai 
Mandir Road Wardha (Maharashtra)
M/s R.B Agro Industries 136, City entre 
Opp. High Court, M.G Road Indore 
(M.P)452001
M/s SKB Agrotech Private Limited 306, 
Samyak Tower 16/3, Old Palasia Indore 
(M.P.) 452018

M/s  Prabhat Krishi Yantra 
      Pvt.Ltd. Indore-Bhopal 
    Road, Indore Naka,Sehore   
    (M.P.) 466 001
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S. No. Name of Technology Usefulness/traits  Licensed to 

2 Furrow irrigated raised  
bed system planter / 
drill
(FIRBS)

The machine is capable of mitigating the 
effect of dry spells as well as water log-
ging conditions during cropping season 
of soybean. In addition to holding rain wa-
ter and draining the excessive rainfall this 
machines also helps to facilitate supply of 
irrigation through  the formed channels 
as and when irrigation in needed  for the 
sown crop .

3 Subsoiler The Subsoiler was developed basically to 
cope with the problem of moisture stress 
due to field inundation by monsoon rain 
water attributed to climate change in ver-
tisols. The soil moisture is managed by 
maximizing the use of rainfall through in-
creased infiltration, moisture retention, re-
ducing runoff and soil erosion. It helps to 
keep the rainwater in the field itself  

4 Sweep seed drill The simultaneous tillage and sowing op-
eration by the machine helps to maintain 
higher plant population. This also leads 
to reduction of weeds as compared to 
flat sowing method. It saves one chemical 
weeding operation.

5 Broad bed furrow (BBF) 
planter

The use of BBF planter helps in conserving 
soil moisture in case of drought conditions 
and drain out excess water in case of high 
rainfall. 

6. Soybean Seed planter This machine can save quantity of precious 
seed and maintain desired plant to plant 
distance along with plant population 

7 Ridge fertilizer drill 
cum seed planter

This machine save 44% basal doze fertilizer 
and significantly reduces weed growth.

8 Single ridge seed 
planter

The machine can plant soybean on ridges 
and manage moisture due to on unpre-
dictable monsoon along with reducing the 
weed significantly.

9 Soybean seed drill cum 
planter two in one

The  machine can be used for seed drilling  
and seed planting by the same machine 
which has provision for both seed drilling 
and seed planting in the same machine 
thus saving expenditure of purchasing 
separate machines
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Innovative Research Ideas in Farm Machinery and Power: 
use of Animate Power

S.N. Solanki
Research Engineer, AICRP on UAE and Head, Dept. of Farm Power and Machinery 

College of Agricultural Engineering & Technology, 
Vasantrao Naik Marathwada Krishi Vidyapeeth Parbhani (M.S.)

Introduction
Agriculture is the back bone of Indian economy and 
a major source provide livelihood to rural Indians. 
Various mechanical power innovative technologies 
had been introduced in recent past, but they are 
lacking adaptability of farmers. These technologies 
are expensive and certain amount of skill is required 
as far as their operation, maintenance and care 
is concerned. Most of the farmers in Maharashtra 
more particular in Marathwada and Vidarbha region 
are poor and have small and marginal land holdings. 
They have limited means and are not aware of the 
technological changes. 

The agriculture of Maharashtra State is characterized 
by the small fragmented land with small and 
marginal farmers, suitable for cultivation by 
animate (human and animal) power only. The use 
of mechanical power in agriculture has increased 
but draught animal power (DAP) continuous to be 
used on Maharashtra farms due to small holdings, 
hill agriculture, mix cropping and inter cropping. 
Use of the draught animals for agriculture work 
is limited to tillage, sowing, intercultivation and 
transportation. The full potential of the animal 
power available is yet to be properly exploited. 
Their use varies depending upon availability of work 
for field operations. Therefore they remain idle for 
most of the time. The average annual utilization of 
bullock hours in agriculture in Marathwada region 
was found to around 500 hrs per year in rain fed 
agriculture and around 900 hours per year in double 
season irrigated areas as against an estimated 
potential of about 2400 hours per year. The cost 
of utilization is therefore, very high as the bullocks 

are to be fed throughout the year whether they 
are in use or not and thus to reduce the economic 
burden of owning a pair of bullock is to increase the 
utilization of annual hours of bullock

Changing the mind-set of farmers to adopt new 
technologies is difficult. However, introduction of 
farmer friendly animal operated simple technologies 
which do not require technical skills and are easy 
to operate and low maintenance is the need of the 
time in this region. 

Crop, region and available power specific machinery 
is required.  Focus on training, testing, demonstration, 
financial assistance for procurement of agriculture 
machinery & equipment, farm machinery banks for 
custom hiring,  promotion of farm mechanization 
in selected villages and use of local artisans for 
development of understand the new technological 
developments are required. Most of the time it 
is seen that the technologies are available but 
fabrication of those technologies as local level are 
lacking which in turn farmers are not adopting the 
technologies, therefore, promotional programs for 
local artisans and local youth are required.  

Agriculture needs technological changes through 
mechanisation based on local availability of 
resources, as there is scarcity of labour to undertake 
agricultural activities on time.  The increasing cost of 
agriculture labour and upkeep of draught animals 
has also partly resulted in the greater adoption of 
tractors for farm operations but farmers of this are 
not able to purchase the tractors due to their poor 
economic condition and social issues with the 
farmers. Development of newer farm techniques 
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such as zero-tillage, raised-bed planting for animate 
power and technologies where the animate power 
can be utilized in off season will increase the 
sustainable farm mechanisation. 

Complete package of technologies for animate 
power has to be introduced. Farmers, local 
manufactures should be involved at initiation of 
the work. The application of technology should be 
simple, low maintenance, low cost more precise 
and user friendly for more adoption of technology. 
Increasing focus on research and development in 
agriculture, growing yields through quality seeds 
and use of improved technologies considering the 
more dominated power source of the region and 
agriculture service centres are needed. Formation 

Sr. No. Name of technology with photo Silent findings

1 Bullock drawn Traction Sprayer yy No fuel is required. 

yy Bullocks are utilised for operation. 

yy Reduces the drugrery of sprayering operation  when 
carried out manually.

yy The average discharge of fourteen nozzles is 714.28 ml/
min. 

yy Average boom discharge is 9.97 lit/min

yy Increased field efficiency 1.33ha/hr 

yy Labour required, man-h/ha     0.8-1

yy Gives ten times more output demanding ten time less 
cost of operation as compared to the Knapsack sprayer.

yy  Increase annual working hours of bullock.

2 Bullock operated three tine ferti hoe yy Reduces the labour requirement than traditional method 

yy Hoeing in soybean with two or three labour operating 
two or three hoe on common yoke is traditional practice 
of intercultivation

yy Adjustable three  tyne on common frame supported by 
two side wheel and in the place of three operator only 
one can do the same job

yy Draft required for three tine ferti hoe is 52kg and speed 
of operation is 2.2 km/hr, 

yy Field capacity is 0.1989 Weeding efficiency observed is 
84 per cent. 

yy 50- 60 % cost of operation over traditional method

of farmers group and provide the agricultural tools/
equipment/ machinery to the farmers groups so 
that they can use the tools/equipment/ machinery 
for crop cultivation will pay only for operating and 
maintenance costs and not for the actual tractor 
or implements to help mechanise their farms, 
which could increase crop yields which in turn 
increase prosperity and improve their quality of life. 
Organizing farmers fairs to display and introduce 
their latest mechanization & technological 
innovations product ranges and also for farmers to 
see all these innovations including machines and 
technologies at one place.

Some of the attempts made under the AIRCP on UAE 
and FMP to develop and propagate the innovative 
are summarized below:
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Sr. No. Name of technology with photo Silent findings

3 Bullock Operated planter cum Sprayer 
with covering device

yy The operation of sowing, covering and spraying carried 
out simultaneously by improved implement.

yy  Require only 5 hrs/ha as against the conventional 
method of sowing, covering and spraying carried out 
separately, demanding 28-30 man hours to cover one 
hectare area. 

yy Increases the use of bullocks

4 Stubble Collector yy Manual stubble collection is slow and time consuming 
and required 17 to 18 women labour to collect stubble / 
weed from one hectare of field.

yy Animal power is not used so extensively for this 
operation.

yy Hence looking to cost and drudgery in the operation and 
to increase working hours of bullock, a bullock drawn 
stubble collector is developed for collection of stubble 
and simultaneously loosening of soil.

yy The average draft, power output is 465 N to 725 N and 
0.373 kW to 0.564 kW. The time required is 2.38 to 2.29 
hrs/ha. 

yy The filed capacity is 0.43 ha/hr. 

yy Field efficiency,% 88.77 

yy Cleaning efficiency,%  79.50 

5 Animal Driven Rotary Mode Set-up for 
Water Liftingfrom farm Pond

yy No Electricity is required.

yy Useful  for protective irrigation 

yy The designed rotary power transmission mechanism 
was evaluated for its performance for different suction 
head, for lifting water from pond. 

yy The average speed of bullock varied from 3.19 km/hr and 
2.99 km/hr at 1 m and 3 m suction head respectively. 

yy Draft, and pump discharge for UAE Designed Rotary 
Power Transmission system were 28.3 to 30.2 kg, and 
6257.19 to 5657.14 LPH respectively at 1 m suction head. 

yy Increase annual working hours of bullock power.
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Sr. No. Name of technology with photo Silent findings

6 Bullock operated Rotary mode transmis-
sion system for post harvest operations

yy Using animals in rotary mode of operation, the surplus/
idle animal power available after tillage, sowing and 
other field operation can be utilized efficiently for 
different agro processing operations

yy Bullocks can operate 1.5 hours continuously for all the 
selected gadegets without fatigue

yy The  output of selected gadgets i.e grain cleaner cum 
grader, grain polisher, chilli machine, shevai machine  
is 150 kg/hr, 80 kg/hr, 40 kg/hr,  10 kg/hr, 14kg/hr 
respectively.

yy Any machine with 1 hp can be used by this rotary mode 
set-up e.g. floor mill, chaffcutter, decorticator etc. 

yy This will reduce the dependency of farmers on the 
electricity and fossil fuels.

yy Helps farmers/ Mahila bachat gat/ self help group and 
youth to generate extra income when bullock are not 
engaged in agriculture operation. 

7 Fixed Frame Type Portable Earth Auger 
Mechanism

yy Use For Pit making during  Plantation, Farm Fencing,   
Forestry, Garden etc. 

yy 9’,10’,12’ diameter hole up to 1meter depth can be done

yy Single Operator(Man/Women)petrol operated Engine of 
capacity 3.5hp to 6.5hp

yy Easy to transport with trolley support and foldable frame 
with exchange of drill bits facility

yy Min.40pits/hr and operator’s skill can reach up to 
150pits/day

yy Cost of operation Rs.10/- per pit

yy Price Range Rs 40000/- to Rs 54000/-

yy Supported frame and handle to working unit makes easy 
to operate in standing posture.

yy Reduces the drudgery of operations
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Sr. No. Name of technology with photo Silent findings

8 Multi Nuts De-Hulling (M.N.D.H.) Machine yy The notch type dehulling/shelling and curved blade 
type dehulling/shelling in vertical cut-plane is suitable. 

yy The average calculated parameters in MNDH-processing 
unit mechanism

yy Product material efficiency: 87.37%;

yy shelling efficiency 97.64%;

yy Mechanical damage: 12.36%; 

yy Throughput capacity: 1.17 (Kg/hr.)

yy The punches, cutters and processing unit tools are easier 
to exchange for different nuts.

yy The steel body MNDH machine is developed and the 
design optimization is done by change of material 
resulted with cost minimization.

yy Applicable to different hard shell fruits

yy Cantilever arm with spring mechanism makes it 
comfortable for operator during dehulling operation.  
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Innovations in Water Saving Technologies

T.B.S. Rajput
Emeritus Scientist, Water Technology Centre,                                                                                                                  

Indian Agricultural Research Institute, New Delhi-110012

Introduction
Water is prime requirement for all aspects of life. It is 
imperative to make certain that adequate supplies 
of water of good quality are maintained for all 
the needs of entire population while preserving 
the hydrological and biological functions of 
ecosystems. Innovative technologies, including the 
improvements in the indigenous technologies, are 
needed to fully utilize limited water resources and 
to safeguard these resources against pollution. 
Irrigation sector being the main  user of water 
resource, it is essential to modernize the irrigation 
system for optimal use of water resources by 
economizing water consumption per unit yield 
of agricultural products. This involves not merely 
improvement of engineering parameters e.g. lining 
of canals / improvement of structures / providing 
additional field channels but also application of a 
complex combination of field disciplines (agronomic 
/ management / field measurement and hydro-
sociological aspects) to the irrigated agriculture 
sector. This process would also include restoration 
/ rehabilitation / detailed diagnostic analysis and 
performance evaluation of different water storage/ 
distribution and application systems to identify / 
quantify design and execute the changes required. 

India’s Water Resources
Rainfall is the major source of water over the 
country barring a limited quantity of snow that 
occurs in the Himalay an region in the north.  The 
rainfall over India is characterised by wide spatial 
and temporal variations.  The annual rainfall varies 
from a about 310 mm in western Rajasthan to over 
11400 mm in Meghalaya with an average value of 
1170 mm for the entire country. About 85 percent 
of this rainfall occurs during  four to five months of 
the year. The annual precipitation occurring over 

the geographical area of 329 m.ha of the country 
amounts to 4000 Billion Cubic Meters (BCM). The 
average annual run-off in the rivers of the country 
is assessed as 1869 BCM, of which, only 690 BCM 
of surface water  and can be beneficially harnessed 
through the presently available technology, while  
the total renewable groundwater resource is 
estimated to be about 431.8 BCM. Thus the total 
annual renewable  utilisable water resources of the 
country are put at 1122 BCM . In addition, about 
200-250 BCM of water can be utilised through inter 
basin transfers. On completing all the on going and 
contemplated new projects, total storage capacity, 
excluding minor storages,  of the country is likely to 
reach 382 BCM.

Need for Water Saving Technologies
The overall efficiency in most irrigation systems is 
low and in the range of 35 percent to 40 percent 
efficiency in surface water and 65-70 percent 
efficiency in ground water. Being, major consumer of 
water, even a marginal improvement in the efficiency 
of water use in irrigation sector will result in saving 
of substantial quantity of water which can be utilised 
either for extending irrigated area or for diverting 
the saving to other sectors of water use. Different 
modern and innovative approaches may be adopted 
in i), water conservation ii) water harvesting and 
storage, iii) land preparation, iv) water conveyance 
network and v) water application vi) automation

Water Conservation:
In low rainfall regions depending on the rainfall 
pattern different techniques of in situ soil moisture 
conservation water harvesting techniques may be 
adopted. Different type of agronomic practices such 
as contour farming and different kinds of mulching 
may be adopted. Zero tillage and conservation 
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agriculture also help in improving water use 
efficiency in agriculture. 

Water Harvesting and Storage
In the regions receiving runoff generating rainfalls 
water harvesting techniques may be adopted. 
Different type of innovative lining material is 
available for effectively and economically storing 
the harvested water. Multiple uses of water suing 
the storage for other productive uses such as fishery 
before using the same water for irrigation appears a 
potentially viable option.

Land preparation
Field topography needs to be manipulated to make 
it smooth to receive and distribute water efficiently 
for which land leveling is practiced. Laser land 
leveling is becoming increasingly popular among 
farmers for precise land leveling. Precise land 
leveling not only saves water but adds to increase 
in crop productivity and nutrient use efficiency too. 
Precise land leveling also permits lesser bunds in the 
field resulting in saving of cultivable land as well.

Water Conveyance Network
It is being aimed to make water reach every field. To 
achieve this objective a complete network of water 
conveyance is required to connect the water source 
to each field. Minimal Spanning Tree mode and 
Shortest Route Problem offer adoptable solutions 
for developing such networks. These conveyance 
networks could be of open channels or pipe 
networks. In open channel network different lining 
options are available for minimizing conveyance 
losses. 

Equity in water distribution:
The question of equity becomes important in large 
water supply systems/ networks. Presently hardly 
any significant effort is made in ensuring equity 
in water distribution to different beneficiaries. 
Different computer based models namely OUTLET, 
EQUITA and SAMYA and others are available and 
may be made use of. Use of these models will ensure 
water ditrbutin equitably resulting in increased 
water productivity. It will also monimize the conflicts 
among the beneficiaries. 

Conjunctive use of surface water and ground 
water
Conjunctive use of surface and ground water is 
beneficial in more than one sense. In situations 

where either of surface or ground water is poor 
quality conjunctive use plays a very important role. 
Irrigation with mixed surface and ground water, 
alternate irrigations with surface and ground water 
are among the several workable innovative options 
for adoption in specific situations.

On farm water management
Different options are talked about including 
involving beneficiaries in the management, water 
pricing and automation in water distribution to 
achieve higher water use efficiencies at field level. 
Many other options exist, such as selection of 
appropriate irrigation method, selection of water 
efficient crop variety and adoption of appropriate 
agronomic practices, to improve water productivity 
at field level. 

Application of irrigation water through modern 
methods of sprinkler and drip irrigation systems 
results in significant reduction in water application 
and distribution losses and result in high water 
use efficiency. Generally speaking, sprinklers may 
achieve up to 75 per cent and drip systems may 
achieve as high as 90-95 percent water application 
efficiencies. Different variants of sprinkler and drip 
irrigation systems appropriate for different soil crop 
weather situations have been developed by the 
researchers and may be adopted beneficially. 

Different instruments and gadgets are available 
to monitor climatic parameters , soil moisture and 
plant parameters so as to correctly assess the crop 
water needs so as to apply exact water amounts 
to achieve higher water use efficiency. Lately net 
enabled automatic weather stations, diviners are 
introduced for the purpose. Instruments like infrared 
thermometer, green seeker, canopy analyzer, and 
FDR etc are available for precise monitoring of 
different soil and plant parameters so as to apply 
correct amounts of water.

Automation
Automation in different aspects of water distribution 
and application will minimize human interference 
anis likely to improve water use in agriculture. 
Canal operation models, Irrigation scheduling 
models, Auto-operative micro irrigation systems 
have been developed by researchers and may be 
beneficially adopted. Different types of sensors are 
being developed for using watr precisely e.g. phyto-
monitoring techniques are likely to result in very 
efficient water use in agriculture.
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Address of FMTTIs
1. Central farm Machinery Training and Testing Institute, Tractor Nagar Budni 466 445 (M.P.)e-mail : fmti-

mp@nic.in  Web site : http://cfmtti.dacnet.nic.in phone 07564-234729
2. Northern Region Farm Machinery Training & Testing Institute  Sirsa Road Hissar, (Haryana) – 125001 

email: fmti-nr@nic.in Web site : http://nrfmtti.dacnet.nic.in  phone 01662-276984
3. Southern Region Farm Machinery Training  & Testing Institute Tractor Nagar, P.O. Garladinne- 515731 

District Anantapur A.P.  e-mail: fmti-sr@nic.in  Website: http://srfmtti.dacnet.nic.in phone-08551-286265
4. North East Region Farm Machinery Training & Testing Institute, Biswanath Chariali, District - Sonitpur,  

Assam-784176  e-mail: fmti-ner@nic.in      Website : http://nerfmtti.dacnet.nic.in phone-03715-222094

Address of identified testing institutions 

Sr. No. Name of institute Name of Contact 
person

contact number E-mail ID

1 Prof. Jayashankar Telenga 
State Agricultural University 
(PJTSAU), FMTC, Hyderabad

I. Sudhakar Reddy,Princ 
Scientist

9948291237 fimscheme@gmail.com

 
2 Faculty of Agricultural Engi-

neering, Rajendra Agriculture 
University, PUSA (BIHAR)

Subhaschandra, Head 
,Farm Machinery and 
Power 

09631067658 chandrapusa@gmail.com

3 State level Agriculture Imple-
ment Testing Centre,   Direc-
torate (Agricultural Engineer-
ing), Agriculture Department, 
Govt. of Chhattisgarh, Teli-
Bandha, Gorav Path, RAIPUR 
(CHHATTISGARH)

G. K. Pidiha, Joint Direc-
tor Agril. Engg.
 

 9827151776
 

jdaengg.test-cg@nic.in

4 Division of Agricultural Engi-
neering, Indian Agricultural 
Research Institute, NEW DEL-
HI-12.

Dr. Indra Mani,
 Head (AE) & PI

9868656885 maniindra99@gmail.com 

5 College of Agricultural Engi-
neering & Technology, Juna-
garh Agricultural University, 
JUNAGARH (GUJARAT)

Dr R.A Gupta 9898942762 fmp@jau.in
Gupta-r-a@jau.in

6 College of Agricultural En-
gineering & Technology, 
Choudhary Charan Singh 
Agriculture University, HISAR 
(HARYANA)

Er. S. Mukesh, Scientist 
cum Testing Engineer

9416397798 mukeshjainhisar@rediffmail.
com

7 Sher-e-Kashmir University of 
Agri. Science & Technology, 
SRINAGAR REGION (J. & K.) 
and JAMMU REGION (J. & K.)

Dr Sushil Sharma
Associate prof.  Farm 
machinery and Power 

09419230487 Sk_sharma@yahoo.com

8 Birsa   Agriculture Uni-
versity, Kanke, RANCHI 
(JHARKHAND)

D. K. Rusia 9431543781 dkrusia@gmail.com

9 Jharkhand Agriculture Ma-
chinery Testing and Training 
Centre (JAM-TTC), Depart-
ment of Agriculture and Cane 
Development (Directorate of 
Soil Conservation), Jharkhand, 
Agricultural Engineering Sec-
tion at Extension Training 
Campus,   Govt. of Jharkand, 
RANCHI (JHARKHAND)
Omkar Singh, 
Test Engineer

R. P. Singh, Executive 
Director (Ag. Engg.)

9472769373 edjamttc@gmail.com; rpsin-
ghjh@gmail.com 

8986672378 singh.om-
kar1952@gmail.
com

singh.omkar14@
yahoo.co.in 
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Sr. No. Name of institute Name of Contact 
person

contact number E-mail ID

10 University of Agricultural Sci-
ences, Gandhi Krishi Vignyan 
Kendra, BANGALORE (KAR-
NATAKA.)

Dr. H.G. Ashoka, Prof & 
Head

9901047957 hod.agengg.uasb@gmail.
com

11 College of Agricultural En-
gineering, UAS, RAICHUR, 
KARNATAKA.

Dr. M Anantachar,PI 09480163906 anantachary@gmail.com

12 Farm Machinery Testing Cen-
tre, Kerala Agricultural Uni-
versity Kelappaji College of 
Agricultural Engineering & 
Technology Tavanur, Malap-
puram (Dist), Kerala- 679573

Dr. Jayan P.R., Asso. 
Prof.& Head

9447301928 jayan.p.r@kau.in

13 Central Institute of Agricul-
tural Engineering, Berasia 
Road, BHOPAL (MADHYA 
PRADESH)

Dr. K. N. Agrawal, 
Principal Scientist

9424410605 Kamal.Agrawal@icar.gov.in

14 Dr. A.S. College of     Agricul-
tural Engineering Mahatma 
Phule Krishi Vidyapeeth, Ra-
huri,  Distt. Ahmednagar, Ma-
harashtra (MPKV)

 Prof. V.D.Deshmukh, 
Principal Investigator

 9960975527 deshmukhvd1959@gmail.
com 

15 Farm Machinery Testing, 
Training and Production Cen-
tre, Department of Farm Pow-
er and Machinery, Dr. PDKV, 
Akola, Maharashtra

Er. D. S. Karale, Principal 
Investigator

9850612344 dhiraj_karale@hotmail.com

16 College of Agricultural Engi-
neering and Technology, Dr. 
Balasaheb Sawant Konkan 
Krishi Vidyapeeth,   DAPOLI 
(MAHARSHTRA)

Dr. P. U. Shahare , 
PI and Head

9423784381 shahare_prashant@rediff-
mail.com

Er. N.A. Shirsat, Co-PI 
asstt.proff.

9422410000 nashirsat@gmail.com

17 College of Agricultural En-
gineering and Technology, 
Orissa University of Agricul-
ture and Technology, BHU-
BANESWAR (ORISSA)

Prof. D.Behera,Prof 
&Head FM&P ,
  

09437386861 Debaraj1963@rediffmail.
com

18 State Level Farm Machinery 
Training & Testing Centre, 
Agriculture Department, 
Government of Odisha, Bhu-
baneswar, Odisha.

B Behra 9439713141 Bishnubehra59@gmail.com

19 College of Agricultural En-
gineering and Technology, 
Punjab Agriculture Univer-
sity, LUDHIANA (PUNJAB)

Dr. S.K.Singh, 
Sr.Research Engineer

9888997292 sksingh@pau.edu

20 ICAR – Central Institute of 
Post Harvest Engineering & 
Technology, Ludhiana

Dr Dattatreya M Kadam
Pr. Scientist & Head & 
Officer Incharge PHT-
METC

9417596894 kadam1k@gmail.com
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Sr. No. Name of institute Name of Contact 
person

contact number E-mail ID

21 Farm Implements and Ma-
chinery Testing & Training 
Centre, Central Workshop, 
Swami Keshwanand Ra-
jasthan Agricultural Univer-
sity, Bikaner (Rajasthan).

Er. Vipin Laddha, 
Ag. Engineer

9414230321 vladdha@yahoo.com 

22 College of Technology and 
Agricultural Engineering, Ma-
harana Pratap, University of 
Agriculture and Technology, 
UDAIPUR (RAJASTHAN)

Dr Y.c bhatt 9414168434 drycbhatt@hotmail.com

23 College of Agricultural En-
gineering and Post Har-
vest Technology, (CAEPHT), 
Gangtok

Dr. S.N. Yadav, Asso.prof 9933469544 snyadavbpl@yahoo.com

24 State Level Farm Machinery 
Training and Testing Institute, 
Govt. of U.P.,   Rehmankhera, 
LUCKNOW (U.P.)

Shri Indraj, 
Associate Professor

8176004522
9450063913

sametiup@gmail.com

25 Sam Higginbottom Institute 
of Agriculture, Technology & 
Science (AAI), Deemed Uni-
versity, ALLAHABAD (U.P.)

26 College of Technology, Gob-
ind Ballabh Pant University of 
Agriculture and Technology, 
PANTNAGAR (UTTARAN-
CHAL)

Dr.Jayant Singh ,
Professor

9410514942 jayantsingh07@gmail.com

27 Department of Agriculture 
& Food Engineering, Indian 
Institute of Technology, 
KHARAGPUR (WEST BEN-
GAL.)

V.K.Tewari 03222 - 283152  
vktfeb @ agfe.iitkgp.ernet.in

28 State Farm Machinery Train-
ing-cum-Testing Institute, 
Faculty of Agricultural En-
gineering, Bidhan Chan-
dra KrishiViswavidyalaya 
(BCKVV), Mohanpur, DISTT. 
NADIA (WEST BENGAL)

Dewashis Saha 9432259894 dsaha62@yahoo.co.in

29 Agricultural Engg. College & 
Research Institute, KUMU-
LUR, Tamil Nadu Agricultural 
University, Tamil Nadu

Dr. D. Asokan,
Professor

9994215866 asndcae1984@gmail.com
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