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1 Introduction 

Agricultural mechanisation has tended to be 

thought of mainly in tenn of tractorisation, to the 

extent that it tends to become a "monolithic technical 

model. This model derives from the constrair.t.'l etf 

industrial production, from the influence exerted 

by major fii:ms which dominate the agriculture 

mechanisation market". 

However, the structure of agricultural orodu-

ction differs widely between countries. Diffaring 

groduction oper~ti::ms and agricultural structures 

~equire the combined use of a totality of mechanical 

goods of different technological content. The most 

suitable forms of mechanisation depend not only on 

the agricultural system but are also affected by 

the state of industry and the economic and social 

systems. There has to be a compatibility between 

the products required by the agricultu~~l sector and 

the products offered to it. 

1 U~!DO - ~gricultural Machinery and Imolements 
( Preli:ninary Study) , March 19 7B. 
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Agricultural m~chanisation is ao?lied to a 

series of production oper~tions. the most im~ortant 

being the cleari~g, development and cultivation 

of new land. irrigation, actual work of cultivation, 

tr3nsport, storage of production and farm activities., 

The production O!Jera tions requi '.-e a variety of tools 

ranging from sim!Jle hand ~ools, simole harxi-or 

animal--0.rawn mechines, fairly sophisticated tractors 

aDi towed machines to specialised self powered 

machinery. Mechanisable forms of agriculture are 

limited in develo~ing countries by reason of existing 

produc~ion structures, geogra9hical constraints, 

agrarian structures, the r~lative co<;t of caoital 

and labour and the solvency of farmeIS. 

95 per cent of the peasantry in developing 

countries use ei the:- hand tools or animal uower. To 

reduce drudgery and raise productivity dni~al drawn 

implements are the basic step tow~rds agricultural 

mechanisation. They are the most aporopriate in the 

bulr. of agriculture in develooing countries for being 

the most affordable and easy to use and mai~tain. 

They are also the most a9oropriate in ter:Tis of the 

c~pacity of the developing countries to oroduce 

indig~no·..ic; ly. 

1-2 



' 
The begining o= mechanisation of Indian agri-

culture was made by the use of imoroved hand tools 

and improved ani~al drawn im9lements. Particular 

stress was laid on these in the first three five-

years Plans and slowl~T more sophistic?.ted impl~ments 

were introduced from the Fourth Plan onwards. 

In<H-3' s ai;>oroach W?.s bas:i.cal ly to see what 

the farmer was traditionally using and then to 

introduce improvements which would not mean a 

major change in the concepts and structure of 

existing farm practices, but would 

a) raise productivity and increase 

ou·;:.put for a giv.:?n amount of 

animal horse-oower; 

b) be easily understood, accepted and 

adopted by farmers; 

c) be within the buying oower of the 

bulk of farmers; 

d) be oroduced wlth indigenous materials 

as far as oossible. 
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2 The Indian Exoerience 

2.1 Indigenous Animal Drawn Imolements 

India h~s a wide variety of agricultural 

implements in use a:l over the c~untry. Before 

efforts were ma:le ~ introduce im!)roved/foreign 

imolements 1 it was ne-=·~s3a:cy that a com9rehensive 

survey of existin~ agricultural imolement.c; in use 

be made. A country-wide survey of agricultural 

im9iemen~s in use was carried out in 1954-57 by 

the Indian Council for Agricultural Research 

(ICAR) 1 • 

The survey listed around 140 types of 

hand and animal drawn implements widely used 

in India. Indigenous animal drawn implements 

most commonly in use being: 

1 "Indian Council for Agricultural Research : 
Indigenous ~gricultural Imolements of India, 
All India Survey, 19 60. 
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1 Wooden plough 

2 Peg-tooth harrow 

3 Spike tooth harrow 

4 Blade harrow 

5 Wetlann harrow 

6 Clod crusher 

7 Leveller 

8 Sowing device attachment to wooden plough 

9 Hoes for interculture 

10 Puddle rs 

11 Threshing roller 

12 Bullock cart 

These wer~ almoc;t entirely manufactured by 

village artisans. They vary in terms of de~ign 

detail in different parts of the count:y, depending 

on the soil and climatic conditions of the area. 

~ughs: A plough is t,e orimary imolement 

used all over India. The 'desi' (indigenou~) oloughs 

have almost a common design consisting o= a shoe, a 

body, a handle and a beam. They differ mostly in 

size, depending uoon the tY?e of the soil and the 

size of the bullocks or bu=!aloe~ u~3d in the 

particular area. The heaviest ploughs are found 
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l 
in the black-cotton soil areas of India. The 'desi' 

' plough is almost like a Western-style cultivator, 

both in design and action. All indigenous ol~ughs 

are almost similar in design, but vary considerablv 

ih size and weight to suit the pravailing soil tyoes, 

ploughing co~ditions and the weights and heights 

of the draft ar.~~als in the l~cality. There are 

about 35 tyoes of indigenous ploughs. The '"orking 

draft varies from 27 to 14~ kg. Table 2.1 gives 

an idea of ~he size and the draft of the 'desi' 

ploughs used in different stages. Their orice ranges 

between US $ 15 - $ 30. 

Table 2.1 - Weight, Draft and t~e ~u~row Size of the 
Different 'Desi' Plouohs 

Horse Average 
Length Average Power size of 

Weight of Draught Ex-oe- furrow ( C'."11) 

Ploughs (kg.) Beam ( rn) (!<9.) nded Width Oeoth 

Bareilly 10.98 2.66 29.57 0.40 17.78 1').15 

Pusa (Bihar) 15.42 2.51) 27.66 IJ.43 25.40 17.78 

Angul(Orissa) 10.88 2.15 47.17 '1. 73 27 .94 15. 42 

Sabour 19.95 2.87 101').24 1.35 30.40 20. 32 (Bengal) 

Patna 15.87 2.71 54.43 ').81 27 .94 20.32 

Kerala 23.58 3.32 134.26 1.97 30.41) 20. 32 

Oohad (Bombay)13.15 2.84 158.75 2.67 22.86 22.C36 

Coimbati::ire 37.00 3.53 328.00 1.71 27 .94 22.1)") 

Indore 57.00 3.15 403.50 1.71 22.00 25.1)0 

.. 
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The 1 desi' pl-,ugh makes a v-c;haoec" furrow and, 

unlike a mould-board plough, doe~ .not turn over the 

soil. It is mostly made of hard-wood, e"'g. 'babool' 

or 'kikar' (Acaica nilotica). The depth of ploughing 

is usually from 10 to 20 cm and the width from 13 to 

18 cm. There are minor variati-,ns in design, weight, 

the length of the beam, et • 

Most of the 1 desi' ploughs are light in weight 

and can be carried either on the yoke of the bullock~, 

or on the shoulders by the farmers. The depth of the 

plough can be adju:,ted with a wedge provided in the 

body of the plough by adjusting the yoke either 

forward or b~ckward on the beam. In ~ndhra Pradesh, 

a simple triangular plate is fixed in front of the 

body of the plough so that ridges and furrows can be 

made. This is an ingenious device to convert the 

•desi' plough into a ridger. Since the 'desi' plough 

acts like a cultivator, repeated ploughings and cros~: 

ploughings are necessary to secure a good tilth. These 

ploughs are also used for making shall-,w furrows for 

depositing seeds, for intercultivation between the 

rows of cro?s and to hatvest crops such as potatoes, 
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It can thus be seen that the 'desi' plough is a multi

purpose implement difficult to be repl~ced, unless 

more eff~cient multi-ouroose improved im9lements are 

designed. ' 

Harrows and Cultivators: It is mainly used as 

a secondory tillage implem~nt to supplement the wor'k of 

a pl~ugh for pre?aring the seed bed for crops and for 

covering the seeds afte~ sowing. The object of harrowing 

is to obtain proper tilth of soil. The blade harrow and 

the toothed harrows are the most common, the former 

in clay soils and the latter in lighter or gravelly 

soils. 

These are called 'bakhars' or 'guntakas'. Bakhar 

is a very common implement used in the Deccan. It is 

one of the best implements for orirnary tillage. The 

farmers use it for preparing the land and for sowing the 

seed. It consi5ts of a steel blade of abo'lt 45 to 

90 cm in length and 8 cm in width. It can cultivate 

the land to a depth of 9 to 10 cm. Even the dryland 

tillage is done with th '.s implement by adding a wecge 

to it. If the soil is very dry, a man stands on the 

2-5 

.. 

\;;;. 

------------·- ---- -· ··--·---·----·-··---···----- _ _...,...__ -------·· 

I 

I 



' -1 
implement to give it the weight. It can cover 0.9 

to 1.6 hectares in a day because of its greater width 

'l'he Lanka 'bakhar' used in the V idarbha area has 

a blade even up to 1. 5 m in length and is used after 

? few monsoon showers to kill yo~ng germinated 

weeds. The implement is w0~:~ed cross-wise in the 

fields to achieve a better tilth. This is a very useful 

implement and costs only US $ 3 to s. 

The 'keni' or levelling 'karaha' consi~t~ of a 

flat blade 1 to 5 m l')ng, with a vertical ~andle and 

two rings in the front for yoking the bullocks wit~ 

rooes. This is orobably the commJnest imolement used 

in soil conservation for making bunds and levelligg the 

land. It costs us $ t'). 

The indigenous imolement for levelling, called 

'pat~la' or 'sohaga', a flat log 1.8 to 2 m long which 

is dragged over the clods by bullocks. Th~ driver 

usually stands on the log to out weight on it and hold 

it down. It costs us $ S. 
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A land-leveller or 'jandra• is also used in some 

tracts. It consists of a olank of wood, about 1 to 1.5 m 

long, 12 cm and 2.5 cm thick. In ~hose areas where 

bamboo is re~dily available, a ladder-shaped leveller 

made of bamboo is used. It costs US $ 3. 

Puddlers: In 9addy cultiv~tion 9uddlers are 

used for levelling unde= water, they are ver:v sim9listic, 

are made of wood by the village craftsman and cost 

US $ 5-7 and are able to cover 1 acre a day with two 

bullocks and one man. 

sowing Devices: Many seed-sowi~g devices are 

attached to imolements such as the 'desi' ?lough. 

They are commonly called •nari' plough, 'tifan•, 

•argada' and other r.iulti-type imolernents that are used 

in the Deccan. Tube or tubes are fixed to these 

imolements and on the top of these a seeding-bowl, 

in which the seed is droooed, is fixed. The seeding-

bowl has a number of holes in it. The construction 

of the holes ia ingenious, with the result that the 

seed is droo~ed fairly evenly· into the tube~ and 

goes down to the tynes. There are several variations 

of this implement and the price ranges between U!; $ 

2-7 



15-30. !n some areas, which area considered backward 

agriculturally, broadcasting or the sowing of seed 

at random on the cultiv?ted field is still prevalent 

but the majority of farmers now follow the practice 

of sowing in line and drilling the seed. sowing in lines 

ensure~ the pro9er distribution and placing of seed, 

resulting in the uniform spacin(J of the plant.3, with 

a concomitant reduction inthe seed-rate. It helos the 

seed to germinate regularly, ensuring a better stand 

of the crop and also facilities interculture with 

bull~ck soearted hoes, thus reducing the co~t of 

cultivation. 

Interculture Imolements: Most of the interculture 

in India is done with a hand tool called 'r.huroi', which 

consists of a shaI:'9edged triangular or sickle-shaoed blade. 

Someti'"Tles, veeding is done with a small spade, hoe or 

•mum'"Tluty•. Most of these tools have small handles and 

the user has to sit on his heels or bend his back 

'Nhile weeding. 

For hoeing line-sown crops with bullock oower 

a light 'desi' plough is used in northern India. In the 

area between the Narmada river the Krishna river, 

2-8 
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multitined bullock-operated hoes are used. They are 

known as 'doura' (Gunti), 'douri'. 'dundia'. and 

'dulari'. ~hese are the miniature forrr.3 o~ 'bak.~a=s~ 

They cost US $ 9 - 15. When the plants are small, 

multi-tined hoes fixed to a single wooden body are 

also used in Andhra Pradesh and Northern Karnataka. 

The draft of these hoes is very light and sometimes 

two to four of them are oulled by ~ne oair of 

bullocks. In the dry farming areas of Mahara~htra, 

a 'doura• with a split blade is used. 

Harvesting Imolements: so far, the harvesting 

ooeration has not yielded to any mechanised tool. 

Almost unive!:'sally the sickle is used for harve5t ing 

croos in India even though efforts have been made 

to introduce repaers, mowers, and even crymbined 

harvesting and threshers. 

!l'reshing Imolements: Threshing in the case 

of paddy, if the area is small, is done mostly bv 

beating the harvested plants with sticks. In the 

case of other cro~s, it is d~ne by treading the croo 

• 
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with a te::m ~·f! ~n;,.,"'ls -- - .............. . Animal draen ~tcne rollers, 

about 9C cm in length end 30 to 60 cm in dianeter 

have al so been used i:i r.;any a .::-.:as. They cost 

US $ 3C-SC. 

Trcns~ort: The bullock cart is the most 

cor..r::on form of tr~n.sport use-d by Ir..d.i.:n farmers. 

Indi~ has been divided intc eight agro-

ecologi~~l regions based en agriculture, ecolcgic~l, 

cli~~tic 2nd soil conditions. These regions are: 

l Humid Wester:i nitt'alayan Regicn 

2 Humid Eengal~.ssc:rn Basin Regicn 

3 Humid Eastern Eirr.alayan Region end Bay Islands 

4 Sub-Humid Sutlej - Ganga Alluvial Plains 

S Arid ~estern Flains 

6 Semi-Ari~ Lava Flateaus ~nd Cencral Highland~ 

7 Hucid to Semi-..\rid Western Ghat a and Karnatka 

Plateau 

T'ne~e are shm-m in Figui:e: 2. 1. 

As a re$Ult cf ent~nsive re3earch a nurr.cer of 

improved anir..al drawn implements have been successfully 

developed anci introch.:ced. These have been designed 

2-10 
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to improve effeciency of the oneration and to reduce 

expenditure of time and animal oower. The most 

c0mmonly used improved imolements are listed in 

Annexure I. They are classified by the agro-

regions noted above. 

2.2 Imoroved Agriculture Imolements 

Improved animal drawn agricultural i~~le-

ments have been develo·-,ed for the fol~owing 

O!Jerations: 

1 seed bed preparation 

2 sowing 
3 Inter-culture, weeding, earthing 

4 Harv es ting 

5 Irrigation 
6 Post Harvest Ooeration 

7 Trans?ort 

The survey1 undertaken by ICAR broughtout a 

1 Ibid - Page 2-1. 
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n\11':\ber of imoortant points for the development and 

im?rovem~nt of agricultural im9lementc;: 

1 Reducti"Jn in Tyoes: .~l though there is a 

very large range of imolements in use 

and they differ considerably in detail, 

the ba~ic t~es are comoaratively few, 

and their nu.rnber should be reduced 

for standardisation purooses. 

2 Standardisati0n: There is no standard~sation 

of shanes and sizes of ~art~. Research 

in imorovement of imolement~ must work 

toward~ standard:..sati0n of c;haoes, c;'.zes 

and component~, so that thev can be 

manuf~ctured on a mass ~cale so ~s to be 

readily available to the cultivators. 

3 Simolici t,, of Constructi,.,n: The imolements 

should be simole in con~tructi"Jn sothat 

they canbe ooerated by illiterate fanners, 

and be manuf actured/reoaired by village 

artisans. 

4 Raasonable cost: The ryrices of imolements 

should be within the reach of the ordinary 

farmer. There must be a balance between 

cost and effeciency. 

2-12 
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5 Weight Reducti~n: The imolements should 

be light, so that they can be trans~orted 

from the village to the field and the 

draft of the implements should be suitable 

for the tyryes of ani~als that are used 

in ?articular areas. 

6 Use of Local Materials: In c~~ianing the 

implements, local materials shoulC'. be 

us~d as far as oos3ible. 

7 Suoerior Design: Promising ty~e~ of 

for~ign i~?lements should be tried out 

under various soil and climatic 

conditions in different regions of the 

c-,untry with a vie~.., to evobri."'lg 

successful designs incoruorating the 

desirable feature~ of the foreign 

and indigenous imolements which 

are us~ful. 

8 Ease of Reoair: The imolements should 

be c~oable of being reoaired by the 

farmer with the help of the l ")Cal 

village artisans. 

The 9uroose of the imorovement would be 

to increasa the efficiency and ease of ~oerati~n of the 

imolements, so as to increase the outout from the 
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use of a given a~ount of animal energy and raise 

productivity of labour and land. 

To achieve th~s effectively the Indian council 

of Agricultural Research (ICAP) has established 

one research-cum-training centre in each st~te of 

the c;untry. The pbject is to im9=ove the 

indigenous im9lements, to design ne·r1 implements 

and to test them in the field upto the prototyoe 

level. After the imolements have been ?roved tobe 

useful, the prototyoe can be given to the m3nufactures 

b;th in the public as well as ~,e ?rivate 3ectors. 

The following improved imolemcnts have been 

most successfully introduced: 

1 seedbed 9r~9aration 

a Mould board pLrngh 

b Oise harrow 6 disc 

c Pat~la harrow 

d Paddy puddler 

e Clod cruc:;her 

f Peg to0th harrow 

g Land leveller 

h 9un1 former 

i suck ::icraper 

j Levelling boar'd 

.. ' ' 

2-14 

I .
,-. .... -

-------- ' ---------- ' ·--------



2 sowing 

a seed-cum-=ertiliser drill 

b seeding and fertiliser attachment 
for indigenous plough 

c Maize plant~r 

d P~tato planter 

e Sugarcane nlanter 

f Groundnut ~lanter 

g Jut~ seed drill 

3 Inter-cultu~e, weedi~g. Earthing 

a 3-5 tinen cultivator 

b P.idqer 

c Im·oroved ba1<har (harrow) 

4 Irrigation 

a Animal drawn du9lex 9um? 

b Persian wheel 

5 Harvesting 

a Potato digger 

b Groundnut digger 

c Rea?er 

6 Post Harve5t Ooerations 

a Chaff cutter 

b Sugarcane crusher 

c Oloari thre!';her 

2-15 
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7 Transoort 

a Tmoroved bullock cart 

Figures 2.2 and 2.3 show some of the improved 

annual drawn agricul~ural implements. 

Ploughs: A mouldboard ~lough con~ists of a 

share and a mouldboard of steel. This is probably 

one of the first imulements to be introduced into 

India from foreign countries. It differs in action 

from the •desi' plouqh in ploughing a square furrow 

and in inverting the soil either cornoletely or 

partially, deoending on the curvature given to the 

mouldboard. For a prooer functioning of the 

mouldboard ploughs, the provi~ion o= an adequate 

vertical and horizontal suction t~ the share tip 

is necessary. In the case of long-beam pl~ughs, 

the beam and the handle are made of wood, whereas in 

the case of a short-beam plough, the complete im?le

ment is made of metal. Where it is necessary to 

have a one-way ploughing, the turnwrest t'Y1'.'e of 

oloughs are used. It is being adopted where green-
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Fioure 2.2 Some Imoroved ~aricultu=al Imolements 

SHORT BEAM M.B. PLOUGH 

LONG BEAM M.B. PLOUGH 

' 

BUND FORMER c==~ 

PUDDLER 
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Figure 2.3 

BUCK SCRAPER 

01.f'AO THRf~HER 

l Imolements ~~:!....!'.!!E.!~~~~~-~~u~i~t~u~r~a::.:::.-=.:;;.;_~~ ed .a.gri -S me Imorov - o. 

.. 
2-16b 

·I 



-------------------------------...... ----..-.-------~-.-------·-------~--~--~--~~--~ 

manuring croos or surface vegetation have to be 

buried to hasten decorn90sition. Heavy mouldboard 

ploughs require stul:dier animals, and som~ti~es 

two or three pairs of bull~ck~ are used. They are 

also employed for the eradication of dee-p-rooted 

weeds. The turnwrest ty-pe of mouldboard ploughs 

are very efficient. For lighter plaughing, the 

beam-tY?e ol~ughs are u~ed. The shares of the 

lighter ploughs should be made of steel instead of 

c.:=1st iron. Tha mouldboard olough in common use 

cuts furrow slices varvi~g from 12 to 23 cm in 

width. Tyoical figures in res~ect of their relative 

oerformances are given below: 

Table 2. 2 - Draft and Furrow Size of !"'ould Board 
Ploughs 

Width of the plough {cm) 17.78 16. 31 
(nominal) 

Width of the furrow cut (cm) 17.78 13.34 to 
16. 31 

De? th of the cut (cm) 12.70 12.70 

Draught in dry sandy loam 123.37 127.l'JO 
at Delhi (kg.} 

Draught oer square inch of 1).562 0.632 furrow cross-section 

Speed of bull~ck5 {km) 3 1.673 
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~er Plouahs: Thec;e oloughs have double mould-

boards. There are three sizes - the light, the mediuro 

and the heavy. The heavy ones are u~ed for the cultivati::rn 

of sugarc~ne and the liJhter ones for the cultivation 

of vegetables and other cro~s. Some of the improved 

ridger ploughs have an arrangement for adjusti~g the 

width of the furrow by changing the distance between 

the two mouldboards. For vegetables orchards, and 

for farmers who grow sugarcane, potatoes, etc. the ooss-

ession of the ridger is a mu~t. 

Improved 'bakhars' and 'guntkas' hav~ also been, 

lately• manufactured. The i'.1'l'pr..,vem·~nts relate 

to the changing of the blades, the adjustment of the 

depth and the attachments that may be ne~ded in the 

case of these harrows. The length of the blade is 

from 61 to 152 cm and, therefore, this imolement 

can cover quite a large area in a day. Steel 'bakhars' 

and 'guntkars' are nowadays mass-manufactured in India. 

Their prices range from US $4 -5.S. 

Some of the harrows used in foreign countries, 

e.g. the spike-tooth harrow, peg-tooth harrow, the 

s9ring-tooth harrow, and disc harrows have also been 
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introduced. out of all these harrows, the disc harrows 

have proved to be very popular. 

The im?roved 'oata• or 'oatela' is now mass-

manufactured and has become quite pooular. It is 

called 'Singh Patela'. It is ~rovided wit~ a series 

of pointed hooks made of 10 mm to 15 mm rods of mild 

steel. These hooks help to crush the clods and to 

collect the weeds. This implement costs TJS $ 11-15 

de;>ending on the length of the wooden blade and 

the number of steel rods used. 

Sund Formers: For soil c~nservation, sometimes 

it is necessary to make temporary 10w-level bunds, 

19 to 22 cm high. These bunds l~st for one agricul-

tural season. They either get washed away or are oblite~ated 

by subsequent ploughing and culti11~tion. For forming 

such bunds an implement, called bund-fo~er was orzgi-

nally devel~oed at the Tamil Nadu Agricultural 

University, Coi!llbatore. The implement consist of two 

concave blades, 9~ to 150 cm long and 11 to 15 cm wide, 

joined across conversly. This i~plement is to be 
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worked in a well-~loughed and harrowed field just 

for collecting the soil and not for digging it. 

Its job is to collect the soil at the wider f cont 

and deDOsit it in the for.n o= a ridge or a l,w 

bund behind. There are three size!': of bund

formers with blades 9 and 12 cm l,ng. Recently, 

a bigger bund-former (called • sara-making' 

machine) has also been desiqned. A wooden bund

former that would cost less than TJS S 2. ')0 has 

been ?re9ared at the Agricultural Workshoo at 

Nil~kheri (Haryana). Its blades are made of 

'babool' wood and its constructi?n is so simple 

that the implement can be easily made by 

village carpenter. If the wood is made available 

by the farmer, the implement wou~d cost less than 

us s 1. ~o. 

seed sowing Devices: Quite a large number 

of irru>r~ved seed-drills, both automatic and 

hand-09er~ted, have been designed. Among the hand

ooerated ones, a cony of the wooden 'tifan• has 

been made in Uttar Pradesh. It is made of mild 
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cetwee::'! the ty:!s.-. -_ :-:e pri-::e of .=uch a se~C. drill 

Severtl im:_:.rcved. ::eec drills have be!:n developed 

ran:;i:l'J = =c"' the si~ple si::-.gle roi.; seed :!rill '.fi-.icr, costs 

t3 $ 18 to ~he ~ulticro~ seed drill~~ ich =acts US~ 6G. 

Zf fcrts h~ve ~.ecn rn :de to ccl:'lcine the ::ir:ul t=.:1ecus 

Tt:e G~'Ja seF"d-curn-:fertili2er .:;rill is a mul ticrop 

drill T;.;'.-,:'..ch costs 2round t;z $ 40 :r.:: c2_n be mer. u:~c.ctLred 

3~ecis!!sed "rills heve be~n develc~ed for 

·;::-oundnut c.r.d jute::. Tl"H:se cost beu1een CS ~ SC-15 c. 

T~e secd-~rills need a let of s~ill in o~eraticn. 

It is necess~J, particularly in ::-espect of 2utcr.~c.tic 

knew the e:".act :;;ced-rate th:;.t it wiJ. l :'!rep. 'I''t".e 

sesd-drills, ~e co te c2lic::-2ted .:;e").:.rately ::or e2ch 

:::ize ::::1 :.-.re.::..ght cf the seeds cf :'.ifferent crops. 

2-21 

.. 

------~.......-~-·.__,,..,.... ______ _ 



- -- -

Similarly, in the case o= the automatic seed-drills 

orooer care has to be exercis~ in cho~sing the 

soil-working parts, such as the tyne. If the soil is 

hard, strong straight tynes with sharo edges in fror.t 

should be selected. If the soil is soft, the disc 

shovels may be preferred. some other i~portant 

factors which a designer of a seed-drill and-its 

user have t~ keep in mind are the covering of the 

seeds, the pressing of the soil slightly over the 

seeds, the trans"°rt facilities for these drills, 

etc. 

Harvestincr Imolements: Animal drawn harvesting 

implements hav~ also been develooed. A rec.oer consisti:'lg of 

one recip~ocating tY?e cutter bar, swath divider, 

olatform for holding the harvested crops, gear box, 

pitman wheel and land wheel has been develooed at 

the Punjab Agricultural University. It is used for 

wheat, rice and barley and ~ts sale orice is us $ 311. 

There is a simole potato di~ger which costs 

US $ 9. !t consists of a 54~ mm wide curved blade with 

lifter rods attached to it at the rear. It loosems 
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t.~e soil. The l~~se material pas~es over the lifter 

rods leaving pot~t.:>es en· the field. A groundnut-cum-

potato digger which has two attachments costs around 

us $ 95. 

Threshing Imolements: l'ilo other thresher has 

become so po~ular as the 'Olpad Thresher•, which 

consists of 14 to 21 serrated discs fixed on a 

rectangular wooden frame in three lines. A seat is 

provided fo~ the driver and also a guard. The 

i:nplement is pulled by a pair of bull~cks and worked 

on the harve~ted material which is soread thickly 

on the threshing-floor. Threshing wit.~ this thre~her 

is not o~ly cheaper but is also quicker and :nore 

efficient than treading by bullocks and by using 

other methods. 

Other Imolements: With the growing of 

i-np=oved varieties of cane, a three-roller c~st-

iron crusher operated either by bull::>ck power or by 

engine power has been put into the market. I~ has 

greater cr~shing efficiency and, therefore, 
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farmers are either buying such crushers or taking 

them on rent during the season. 

Another set of implements and ITl~chir:ery used 

for pr~naring the land for irrigation consists of a 

float, a drag, and a leveller. The float consists 

of a rectangular wooden frame to which cro~s olates are 

fixed. The last cross plate is inclined in the direction 

of the movement of the float. The float is mostly 

us~d where the land has already been levelled fairly 

well and where it is necessary to level it further 

in order that the irrigation water fl~ws over the land 

uniformly and does n~t accumulate in deoressions. 

A drag is an im9lement which throws the soil in one 

direction, making the channels flat-bottomed. The 

leveller is similar to the 'keni', but is longer for 

the uniform levelling of seedbeds. 

One of the major difficulties of the farmers is 

the raising of water from the wells, tanks or canals 

to irrigate the fields. Since time immemorial, various 

indigenous devices have been used for lifting water, 

the 5implest ones being a dhenkli, a Persian-wheel, a 

mhot, a pikota, and dons. 
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The Persian wheels, or rahats, are extremely 

common in Northern India, uttar Pradesh, Rajasthan, 

Punjab and Northern Maharashtra. Wherever the 

water level is between 4.5 and 9 meters bel~w the 

ground level, they are popular. A Persian-wheel 

consists of an endless chain and mile steel flats 

to which are fixed galvanized-iron buckets. The 

endless chain rotates on a larg~ cage wheel. The 

axle of the cage wheel is geared with a pinion to 

the big gear, which is rotated by a pair of bullocks 

or a camel walki~g in a circular track. The modern 

Persian-wheels &re fitted with ball-bearings, and 

several imoroved ty~s have been produced. Mention 

may be made of 'Mayadas' double Persian-wheel which 

has found ~ome favour in Uttar Pradesh. The average 

draft of a Persian wheel working up.to a deoth of about 

4 meters c~mes to 59 Kg. and that working uo to 

a deoth of 7.3 m is 86.1 Kg. The discharge ranges 

from 8200 to 22700 litres oer hour and the effieiency 

rcnges from 34 to 44 per cent. 

The improved bullock cart is another very 

important i~9rovement in this field. It is the 
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main form of transoort in all agricultural and village 

operations and its improvement has meant a lot of saving 

in tenns of ti~e and animal oower. 

The pooulati~n of manual and animal drawn agricul-

tural implements (indigenous and improved) in India in 

1977 is estimated1 as'foll~ws: 

Imolement 

Ploughs 

- Wooden 
- Iron 

Blade Harrow or Bhakar or 
Guntuka 

Wet Land Puddler 

Earth Levellers & scra?ers 

seed Drills 

Maize Shallers 

Bullock carts 

Sugarcane crushers 
(Animal Drawn) 

Nos. 
(In 0'10) 

40,766 
6,259 

11, 497 

2,056 

9,72~ 

226 

1~,742 

673 

2.3 Manufacture of ~griculture Imolements 

The manufacture of indigenous agricultural im9le-

ments in India has traditionally been the work of 

1 Directo!'at.'!:! of. Economics and Statistics, Ministry of 
Agriculture - 12th 1.inestock census 19 77. .. 
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village artisan-:. Even though today there are a 

large number of organised units and aovernment 

agencies involved in manufacturing implements, the 

village blacksmiths still continue to play an 

important role in the fabrication and reoair of a 

wide range of simole implements, both indigenous 

and improved. The bulk of the farmers deoend O"l the 

village blacksmiths for reoair ~ervices because 

of easy acce~sability and cheap ~e~;ice. 

Today small scale industries and village 

artisans tocether contribute a major portion of the 

production of improved aqricultu=al imolements 

in the country. In 1971 there were 97 small scale 

units registered1 who were engaged in the 

manufacture of improved agricultural imolements. 

In additian th~re is a much larger number of 

unregistered small units. Production of animal 

drawn agricultural implem~nts is reserved for 

the small scale sector. 

1 The term' reaistered' means that they are regist
ered with the State Director of Industries, and 
have a maximum inve~tment of us $ 2~0,~00 in olant 
and machinery. 
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The 97 registered factories had an invested 

capital of us $ 12 million, an annual output of 

US $ 20 million and a value added of US $ S million 

in 1971. This is, however, only a small part of 

the total output of agricultural imolements as the 

majority is still 9rc~uced in the hou~ehold and 

tiny sector, by village artisans. In 1991, there were 

about 150 registered units p~oducing agricultural 

implements of all types. 

2.4 Raw Mat.erials 

The main raw materials used in the manufacture 

of ani~al drawn imolements are: 

1 Wood - usually the ones l~cally 
available 

2 Mild steel - usually scra~ steel 

3 Carbon steel 

4 High carbon steel 

5 Cast iron 

6 Stone 

2.5 Government Policy 

The basic objective of government oolicv in 

this field has been to raise ?roductivity of land 
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and agricultural labour by i~proving the efficiency 

of implements used. Though there has been an intro

ductio~ of oower driven im9lements in Indian agriculture, 

animal drawn imolements are still the most fruitful 

area for affecting imorovements as they are accessable 

to the majo~ity of farmers. 

There are several government soonsored agencies 

engaged in research into im?rovement and development 

of agricultural imolements. These range from agri

cultural universities to institutes of agricultural 

engineering. The aoex body is the Indian Council 

for Agricultural Research. The imoortant ones are 

listed in Annexure II. 

As a large number of imolement~ are still 

manufactured, and almost all are maintained, by 

the village blacksmiths and carpenters, the government 

has established 40 agricultural wings attached to 

rural extension - training centres for training the 

sons o~ blacksmiths and car"'9enters in re~airing 

and maintaining improved agricultural im9lements. 

2-29 

---------... ----~-



The trained artisans are also given loans for ourch

asing improved tools which they can use in the 

villages. 

An agro-industries corooration has been 

established in each stat~, with the financial 

assist::ince of the central Ministry of Agriculture. 

In five states, namely, Haryana, Tamil ~adu, 

Uttar Pradesh, Maharashtra and Rajasthan, factories 

to manufacture agricultural imol~ments have 

been established under these ccrporati0ns, in the 

9ublic sector. 

The governm.:>nt has al~o undertaken the 

st?.ndardisation of improved agricultural im?lements, 

so that their main oarts may be inter-changed and 

repairs car. be facilitated. 

Government soonsored institutes are also 

resoonsible for testi~g newly designed im~lements 

and, once they have proved successful and been 

manufactured, introducing them to the farmers 

on a large scale 

2-30 

.. 

------------·-----·--·-·· ---· ---------·-

LJ:.· 



·1 

3 S":.ruc-:=ura o': Pr~ductL""n --- ----- ---- - - - - -· 

., 



'-

level. The villa;2 bl3c~s~ith ~nd the vill38C car~9nt2r 

a fe·., pic.ces of st~el .Jnd a s1:~all nu;:-;:b~r of f:Jsten2::-s 

f=cc nearby to~ns. The bulk of indi;enous asricul~ur~l 

i!:.Jle; .. · . .:nts are still manufactured at this l~v2l. 

With the in~roduction of improvad i~~l~~ents, the 

structure of prod~ction ch3nged. ~ost of these ic?le~cn~s 

inv-: lv2d a ;,.e lded const;:ucticn, at other ?laces •·::)oc0n 

grips ~ere fixed to the steel frace ~ith bolts and nuts. 

The village artisans, thouJh fa~ili3r ~ith f3stn2rs, did 

net have the ~eans of drilling hcles, ~articul3rly, in ~he 

t~ic~cr steel sections. ~elding ~as often net ?Ossible JS 

most v~lla?es have nc electricity. The villa;e 3rtisans 

adjusted himself to the new situation in t~o ~a~s. First, 
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and by evolving ;o~e ne~ ~and opcr3tcd t~ls suitable fc= 

hm·:ev~r, "the so.all sectQr viith uni.ts lcc:;ted :::al.nly i.n sr.Llll 

to\·ms, frequentl~· at bloc~: he<idqu.J::te=s. These uni"':s 2:::e 

also tacr.nclog ical 1 y sir'•? le and have -:f:.E. adv anta~~e of lc1:: 

drills and stapers er.ables ~~ea to fore co~pcne~"ts ~~~ckly 

and efficisntly and the availability cf electricity ~lso 

enables the~ to undert3ke ~elding and t~us fabri.cate . ' l.ne 

i~='le:-::~r.ts with greater ease. The loc3~.!.on of these uni-::.s 

in urban areas also provided t~e~ ~ith an infrastructural 

support in the sense that tir:.ber, nuts, colts, r:v·:!ts a~d 

co;-:-::,:cn ste~ l sect ions, such -5S rounds and flats, a:-e 

~er.era1 l y available ·::i th le cal daalers. Th is :.~akes for 

easie= and often cheaper procure~cnt of ra~ materials. 

Thus, there are two levels at ~hich the production 

of i~proved agricultural i~pleDants is carried out. ~t the 

v:l~30a level p=cduction has the advantage of use of local 
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~i::-.ber •,-:!-:ic!; le::.:d~ to redu~a 

organ.:.so;:;d sector as :::est of t!':e :..-erk h3s to be done :::.;r.u.:;lly. 

The existence of this s~ctor is vit3l to the v!ll~0e econo~y 

to loc2 l ccnci: t :.ens ::iut is 

in the or93nised sector. 

The or93nised sr.:.:ill sc.:ile sector ha$ 3dV3nt:i;r:s of 

better tachnolo;y and hi~her volume of ,rcducticn. This 

means riheaper purchase of r3~ ~at2r.:.a1. 7he use of ~eld!ng 

sets also reduce costs a~d allows for 

The qu3lity is =etter dJe to s~ocricr c3chinin~ facili~!~s. 

These un:.ts, ho~ever, have to be locat~d in s~Jll ~o~ns 

which h.:::vc: skilled artisans c.:?..;ble of ;;.:::~cil:.n·.J -~i:e r~.:::d:incs, 

entre9reneurship to set up a unit for thG rna~u~3cture of 

engineer~ng products. 

In India the product:on of a;r:.cultu~al i=~ls~~rt; 

in the org~nised sector is exclusively =~scrvsd for ~~e 

.. 
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sector. In the broa C~ r . ~r.,;5 ~z Cti Ve; it has to ~€ 

·:G:i3ir:~d ~·1hethC!r th~ setting up a larg~r manufacturing fa.:ility 

witj substantially gr£ater ca~ital inv:st~cnt would o= would 

not ;::lay a role in ~i the r ma king be tt: = ira~lements or 

r~c:~;:in~ ~h;ir cost of ~roduc'tion. The Inci.:n exp~rience 

ai=Jp~-:irs to point in the opposite dir2ction. Even the improved 

a;:ricu!. tural implc:ments c'o not p::esent t:1e sort of enc;ine~ring 

;:roblems '."1hich need sophisticated mac:1in.;::::y. Neither does :nass 

procuction a~pear to offer any particul~:;: advantage for non-power 

d::-ivzn sirn;:le im~l;zm:nts, 'Nhether con·.;znticnal or imr:::-ovz d, as 

c:occino and cliraa~ic conditions. 
• • J 

To sustain a viable s~all scale sector, it is necessary 

that traininq facilities for artisans, crscit for the purchase: 

of c:-:uipircnt anc raw l!iaterials are availa_le. A~ov; all, it is 

nEc.:ssar-y to inculcate a sens~ of €ntrepr~neu:::ship b~fora it ~·:ould 

be possible to Froduce the implements efiiciently and in 

ade-~uate quantity. 

As the village artisan is crucial to the successful use 

of improved impl~ments, the inputs of tr:lining and ere di t are also 

re_:~i::ed at ti1is level to suppo::t :he ;:r~ouction at the highc:r level. 
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As noted in c~3pte= 2, a fairly co£prehensive =ange 

cf l~~~ov:d 39=i:ultur3l i=~lece~ts have been davelc?cd in 

Ind:.a. For i l lust=-at :ve ~ur~oses, thr~e i~!J lf;:.-:cnts ·.r!!':ich 

are in cor.::::on use ::ind d-:ich can be n:anuf actur2d at octh u~e 

indu:try levels described above, have been se:Gcted. The 

p~of ile of a ty?ical manuf5cturLng unit has been dcscriced 

for the manufacture of these th!'ee :.m~le;;:ents at t:-:e v:i.ll~;Je 

level and at the level of an org3niscd s~all industr~al unit. 

The three irn9lernents select2d a=e: 

l Chisel 9louJh; 

2 Helical Blada Puddler; and 

3 Wet LJnd Leveller. 

Chisel Plou0h 

The chisel ~laugh consists of a curved chisel li~e 

tyne of 390 r:r11 raC:ius of curvature and 30 ::-:,1 thick. It is 

rigidly held in a fran:e which is ;>rcvi·:!~d ~·:itr. a !":andle and 

a shaft pole fixtur?. It rips its way t~rcugh the soil 

with the narrc~: chisel edge. As the soil is broken by 

slicing, it is not inverted or pulve~ized. The h~rd lay~r 
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ot soil just belc~ the =egul3r ploughing de?th is broken up 

and th~ rain ~ater inf iltr~tes down • 

.§?_eci f i.ca't icns 

Po•:rer source 

Overall length 

Overall width 

Over:3ll height 

Total i.i·;ei;Jht 

~idth of ploughing 

De9th of ?laughing 

Suitability for soil 

Actual field c~pacity 

Draft 

Labour require~ent 

. . 

. . 

. • 

Anir.:.31 

1150 :-:-.n: (without beam) 

350 Elril 

1175 mm 

~5 kg • 

40 r..r.. 

300 r.il'l 

Clay soil 

:- 0. 2 ha/hr ( s:c<·· r.m row 
s:>ac:ng) 

. • 

120 l':g. 

A pair cf bulioc~s 

One person ~~ OpG=Jte 
the pl O~Jgh • 

Figure 3.1 presents a sche~atic rlr~~ing of ~he 

Chisel Plough. 

Five numbers of ~elical blad~s ~3aa of ~i!d steel 
I 

are fixed in shape dnd ~ounted on 0 
' I ~ 

1::ooaen ;-rJi.~e 
.. I I 
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having wood=n bea=in~-;- ~uch that the blades rotC'lte freely. 

A handle and a pole shaft are orovided. Due to the helical 

sha9e of the blade, there will be a continuous contact 

between the blade~ and the soil 'Which gives a uniform 

load on the neck of the bullocks. Thereby the conven

tional undersirable intermitant load is avoided. After 

pl".>ughing the land with a country ~lough, the imolement 

can be used to puddle the soil. It ooerates at a depth 

of 8-10 cm. The helic~l geometry facilitie~ better 

churning and slicing of the soil as required for 

puddling puroo~es. 

Soeci f ica tic ns 

Power source : Animal 

overall length • 3500 mm . 
overall width • 725 mm . 
overall hnight I 400 mm 

Total weight • 45 kg. • 

Deoth of puddling I 100 mm 

Suitability for crop I Rice 

Actual Ou tout • 1).075 ha/hr. • 

Draft • 51') kg • . 
Power requirement • A oair of bullocks • 

Labour requirement • one oers".>n to ooerate . 
the puddler 
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Helical 3lade ?uddlsr. 

The '.;et 13nd le:v8ller consists of a 2750 :..r;·i lon;, 

3CO ~~ ~ide and 30 ~m thick wooden plJnk 3nd t~o Gmaller 

wooden '."lings of 700 ii1::1 l<:ngth, 150 :-r:r:1 hei~ht and 30 r:.:.: 

t:1ic'.:ness 3-.:.tac!!cd 3t the end of t!":e ?l:nk to c1rry 

e:<CQSS !JUddL:d soil forward. The unit is !)Ulled by a :)air 
' 

of bulloc~s and hJs arrangements for an C)9rator to stand 

on it during the operation. The impl:~ent is v~ry useful 

fer levelling the puddled field for efficient ·:;ater ~::3na 3a~~ent 

practices =equired in hi~h yialding paddy variati:s. 

Soecific<!.:tions 

Power source Anir.ial 

Uverall l?nJth . 2750 r.lr:'l • 

Overall width . 7CO r.1ffi • 

Ov·:rall hci;:r.t 150 :'.".m 

Total wei:;ht 33 kg. 

1iiidth Of ccv'.2rage 2750 !':'~rr. 

Suitability of crop . ?.ice • 

_________________ .. __ -------·-----------------··-



' ! 

Draft 

Suita~ility of soil 

Actual field ca~acity 

Power requi= ;;;:snt 

Labour raquire~ant 

110 kg. 

Pudci led soil 

0.55.ha/hour 

A p~ir of bullocks 

One ~erson to c9or~~e 
ti1e i.ev3l l.er. 

Figu:-e 3.3 9::-esents a sc!-.e::·:Ttic d::a•;;in~ cf -:::c · .. 2t 

The profiles of the manuf 3cturing units ~=esen~ed 

at the t~o industry levals !ssu~e that the same uni~ ~ill be 

producing all the three i~plarn~n~s. This assuffi?t:cn is 

made for purely illustrative pur?oses. In fact, the unit 

may· manufJcture only a single im?le:1ent or sor::e-.:.::..r::e-s :-::ore 

than three. For exac~le, the village artisans usually 

tends to manuf3cture, in addition to the i:::p::-ov~d i~:.9ler::cnts, 

the v:r.ole ran9e of the tradi.-.:.ional ir.i9lc:-:-.ents of his a::ed 

and is also cn0aged in the repair and ~aintenance of all 

the im9lern~n~s in his villa]e. 3i~ilarl;, t~e small scale 

industrial units may sp2cialise in the oroduct~on cf only 

mix depends on the araa they serve and what~er the i~?le~ents 

are fairly s~3nd3rdised or very ]reatly in det~il fro~ 

area to area. 
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Figure 3.1 - Chisel Plouah 

,.__ ___ ti.SO ----.. 

ELEVATION 

(1) HANDLE 
(2) FRAME 

,..__ ___ 0 

(3) CURVED CHISEL 
(4) WOODEN BEAM 

\5) HOLES FOR HITCHING 

ALL DIMENSIONS IN mm 
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~re 3.2 

'----- ll~ 
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- Helical Blade Puddler 

' 

(1) HANDLE 

(2) WOODEN FRAME 
(3) HELICAL BLADE 
(4) POLE SHAFT 

AU. DIMENSIONS IN mm 

3-9b 
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3 ") -Figure • J nd Leveller wet La 

/ 

PlANK (1) WOODEN OPERATOR 
STANO FOR (2) 

(3) H~~~EN WINGS 
(4) WITCHING ROPE 

(5) H ENSIONS IN mm ALL DIM 

3-9c 

---0 

,,,,,-----

----0 • 

--0 

/ , 
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-----··---~ ----#-~- .. 
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Tabies 3.l, 3.2 and 3.3 preser.t ~~e ~aterials 

s ~2 ci fica tions of the three implements. Table 3. 4 gives 

~n outline of the capital im1estment re.::ui:red oy the t.·:o 

levels of manufacturing units. It c1oes not account for 

fi;~,:d capital in\/EStment in land anc '.:uil cini;s. At the 

villa~e level lindustry Lzvel !) -·- !" r.i .... n · -=a ~ ... • ,... .; t 1..!e .•. c. u .. c1.u ... 1n'=' un ... 

ducing these three implements i·!ould r:e ·uire a capital 

investm(:nt of around us ... 80 in rr.a.:hinery and equi1-rr.ent 

while the small industrial unit (In~ustry Level II) 

v·:01..1ld re~uire a capital investm.:nt of ·-S:.. 24,COO in 

mac:·iinery al d equiptt.ent. (Cetails of t11e maci1inery and 

pro-

i,:q:..:ipm.znt required at Lioth the inC::..str·/ l;;vel-: a:.-e given in 

Ta0le 2.5). 

The working capital requir:;m\;nts are estimated at 

~3 ~ 250 for ln~ustry Level I lvillage level) and US~ 

27,0UO for Industry Level II (small scale sector). 

Th~se estima~esare based on the currzntly pre"elent ~rice :or 

these implet'!!€nts anc the annual procuction l€vels 

c!e s c :ci!:e d i~ Table 3. 6. 
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T . . "l l p • t " . ..... . l t:l . ao1e~~-roouc L .. o • .L - ~n::..~~ • oucn 

l Froduct Specifica~ion 

olouc:1 . -

2 Material S~ecification 

,,.,; JOr Im~lement 
_ :.::omcon5nts 

!mciemiznt handle 

:-.. ain fra~e 

'i/oo c€n beara 

i\i vets 

Nuts and bolts 

Speci
fications 

t•iil d s te el 
lSAE 1010) 

wiood 

Carbon 
steel 
(SAE. 1070) 

Wood 

~~ild steel 

r.',ild steel 

:.·1eL.=ht 45 kgs., single tyne, 
braced steel frame with V"Joocen 
hitc:1in£ beam. 

Shape/ 
Size 

Fl.:.t 

Scantl
ing 

Round car 

Sle£ per 

Boucr:t 
out· as 
standard 

8oug;1t 
out as 
st.Jn a.~ rd 

~marks 

Readily available 
at ne a re st t>~·m • 

Local wood to be 
used. 

Available at nearest 
major city. 

Suita~le local wood 

Available at nearest 
major city. 

Available at 
nearest major city. 

~-----~----~-------------------------------·~~..:...--~--~~ 
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Table 3.2 - frocuct No.2 - ;,elic.;l 31.~ce f:uC:C:ler 

l f.:.'P"QC:uct Specifications 

~~ Frocuct --~~-~

nelical ala c:!e Fu dc1er 

2 Iviaterial S~ecifications 

--~eci fications 

weigi1t 45 kgs. five helic.:il 
blaces, mounted on wooden 
frame, A handle and ~ole shaft. 

~:.ajor ImplEmc:nt Specifi- Shape/ 
---=:V::::-~t!?~~~o~n~e..:.n~.;:t:.::S:.-..- _ ca t~L- __ Si z~ 

I~:~;.ler.:ent hanCle 

:.Joo den frame 

Helical bl·a ee 

P·:.:·le shafts 

.ioo c~n aearinc;s 

:!uts and belts 

------··--·---·----

Mild steel Flat 

'iiood Scant-
ling 

~-~il d steel Flat 

\'load Sl;!:q:er 

·,food Round 

~.ild steel Bought 
out as 
stanc:!ard 

-------
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fleadil y available 
at nearest town 

Local wood to be 
used. 

Available at 
nearest major city. 

Local wood to be used 

Hard wood to be used 

Availabl2 at 
nearest majo: city. 

.. 

--·-·-------------------

I 



) 
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Table~ - Pro~uct No,3 - ·.;est Land.L5vell€r 

Frodlct 

.;est Land LevE:llcr 

Major Implement Specif i-
;opponent~ cations 

1-.~ain •·•ooden plank i"Jood 

.ioo c'e n wings Wood 

Stene ·for operators ~iood 

Hook Mild ste€1 

i-Ii tch ing rope Jute 

3ol ts ancl nuts ~t.ild steel 

::ails t~~il d steel 

':!eic;ht 33 :~gs., a thick wooden 
plank and t•.•!o smaller wcoeen 
wings attach.::;d a t the €nd of 
plan;~. 

Shape/ 
5; 7 0 Rsmark,s_ 

Plani< Sui table local 
hard v.ood to be 
used. 

Plank Suitable hard 
wocd to be used 
available locally. 

Flank Local wood to be 
used 

Round bar Available at 
nearest town. 

Available at 
nearest town. 

3ou0ht out Available at 
nearest major cit·; 

BOWJ~t out Available at 
nearest tovm. 

------------ ·---~--·~~---------------· 
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In c~stry Level I 

• r"" 
. "'""'. 

fil.!£ k Snith y Sh.QQ. 

l. Anvil 

2. Hamm~r Heavy 

3. Hammer Li·;::t 

4. rull~r-s~t 

5. Heart-.:.art::~ rn 

6. 3ello•::s 

:;a rwenta ruhoQ 

1. Awl 

2. Hatchet 

3. saw-large 

4. Sa•:1-sma 11 

5. Planes 

6. :hisel-s;t 

7. Hammer 

8. ':Jood drill 8. ";.ow 

9. Crill bi ts-set 

10. Honing St·::>n: 

Tot31 

i:s tima te d 
Cost lUS i;) 

29 

4 

2 

21 

6 

18 

6 

4 

9 

3 
4 

5 

2 

4 

2 
l 

.so 

3 ... 14 

Industry Level II 

tescription Ne. 

r.~a £.h iQL~ho;: 

1. :entre La ti~e 2 
Fulley dri vE r 
with accessc?:"i;s 
for sc:-~w ... .... cu .... i.ng. 

2. Pillar tvce 3 .. 
Drilling ma:::ine 
with twist 0ril ls 

3. Grindina r;:nc .. ine 3 
double head€d 

4. Shaper l 

5. Hack sav1' 2 
reci~:-ocat ir.g 
t'{pe. 

6. Arc ·,;el ding 2 
=qui ... ~. -n... ... -ans .. t-" .,_ t.' "-- -
former ty::-e. 

7. Guages e. Tools 12 

.. 

Estimated 
·:cs ti.US ~) 

1,765 

800 

l,200 

2 ,·~ .. :00 

590 

880 

175 



-------
Incustry L~vel I 

'. .; sc:dption Mo. ~stimate d 
~osts ~·...i~) 

Incustry Lev~l II 

Cescription No. cs tiuaate d 
:ost (US ~) 

Snith SnoQ 

a. Anvil 

~. S.iii tii 's ~earth with 
motorised blower. 

10. .:ate= quznching t3nk 

set 

12. Full:r szt 

13. £•dsc Smiths tools, 
tongs etc. 

14. Chain & Pulley 

6 

3 

3 

5 

5 

3 

2 

15. Mechanical band saw l 

16. Cross cut sa\'I l 

17. Portable drilling 3 
machine with drill bits 

18. Planers, in sizes set 5 

~. ~l 4 

20. Hatchet 4 

21. H•mmo r• Sc t 4 

22, Chistl Sit 4 

~~. rlgnin~ Stont 2 

24. Paint '1nd :rol•ttd J. 
equipm~nt 

25. Miscellaneous 

Tot~l 

3-13 

60 

175 

25 

25 

25 

25 

175 

885 

885 

175 

24 ,COO 
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Ta~le 3~ 

-------
t-roduct ____ , ____ _ 

::tis~l Plough 

:~;lical 3lade Puddler 

.~et Land Leveller 

Industry L~vel I 

~illaoe Sector 

3-16 

100 

50 

75 

Incustry Lev~l II 

S.ii3il Scale Sc::tor 

2000 

1000 

1500 



Annual ~aie§.. 

--
-- IndustryJ:.elleLJ I:'ldu stry Level II 
Unit Annual . .;nnual 

I 
Unit Annuzl Annual 

Selling Fro du- S:iles Selling Pr~ 0:.iction Salc:s 
?=::>c:t!ct Fr ice ct ion ' ,.. ) Fr ice lUni t) lU. S • .w) \J • .;j .... 

\IJ .$.;i.) \Jnit) I {U.S ... ) -- --- I --
l. ~i-.i~~l i-lour~hs 60 100 6,000 60 2000 120,000 

' 
2. :-:-= .!. i.:eil Slade 

F 1..!CCl~r 60 50 3,000 I 60 1000 60,000 

• .ie~l.Jiid :1...-::v;ll 20 75 1,5'.JO 20 1500 30,000 -· r I 
Total_j- ----

10,500 I 210,000 

--
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Item --=-----
~a~ i~aterial Cost 

La ~our '.::o st 

Industry Level I 
l :j • C". \ 
~---· 

~ for 15 de ys ) 

In eustry Level II 
(
I' ,_ • ) 

--~~~~~·~x.!..l::.·----
l for 2 mont:1s) 

14,000 

7,000 

6,000 

---·----------·-------·-----------
Total 250 27,000 

--~·~-~---------------------------- --------------

.. 
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4 Le~5ons fro~ the I~dian Sxoe~ience --------- ---·- ---- -·-
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4 Lgssons from ths ~n~ian ~x~cri;nce 

7he use of imi:.rove c agricul tu=al tools and equi~ment 

cvntri::u~c s directly to increas<;d pr·:>duction through timely 

bzt t~r cuality of i::or~, c..:i:~cision in a;.;;:.;lication 
• I • • 

o Z inputs, inc re a sing crop1=>in~ intensity an ci re cueing post 

ii:lrvest losses. Ti1e following taule t;iv;s s~me ccmparisions 

tional and improvec anin:al drawn ir.:ple:~.:nts. 

Indigenous and Im~ro!'..S.d I~ule~sn~ - Scme 
,...om ·a.,..; -on~ !::......:.bi --~ ~ 

------~---------~~-----------------------~----------

Cesi Flou0h 
;:.0 1Jl c aoard Plough 
Gb i5~ l Flough 

H:::rro':J 
Cisc !-:arrow 

$(" :d Crill 
:up-fzcci SE!e d Drill 
G< :;aa S.;:.: c-cum-
?e~til ise r Drill 

LE:vellers {.Pacey) 
.Jet Land Leveller 

Fe cal U~erated 
Th=~ zhe r 

01 ~ad !hrzshe r 

Price 
us ~ 

15 
'1 

31 

25 
50 

3J 
105 

40 

12 
10 

38 

0.3 
o.s 
1. 6 

0.4-0.8 
1. 6 

0.3 
1.0-1. 5 

o.:, 

o.s 
4.5 

75 kg. 
5CO ~9. 

Ooera-tino CQ.il 
_ ___kLS_z ___ _ 

9.00/he eta rE 5 
10.00/he eta r~ s 

l .OO/he ctar: s 

3. 00/he eta r:: s 
1. 50/he c ta ::z s 

3. 6/he eta res 
3. 50/he eta res 

3. 00/he c ta ::i: s 

9. 3 /hectares 

2.C0/100 kg. 
l. 50/ lOO kg. 

--------~------~--·--~~·------~--~-----------------------
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) 

Mechanisation of agriculture faces two 

major constraints in India - the low ourchaslng 

powet" of the bulk of farmers and and their 

inability to accept, ouerate, maintain and renair 

sophisticated equi'9"'ent. Mechanisation that 

replaces manoower on a large scale is not always 

des~rable. Improvements in tools and equinment 

that assist labour in raising productivitv 

of land by making possible timely o~er~tions 

are r;>referable in the medium te:rm. In view 

of these cons~raints India has successfully taken 

up the task of i~~rovement of traditional 

iID!'lements which can be ooerated manually or 

with the use of animal ~wer (side by si~e 

with development and introduction of power drivers 

machinery}. It has been n,ssible to introduce 

them into Indian agriculture on a much wider 

basis than power driven machinery, the use of 

which is stlll fairly limited. This is because 

they are cheaper and can be more easily understood 

and re9aired at the village level. 

4. 2 Government .c;uooo rt 

Another lesson that ~merces from India's 

4-2 



..-------._-=---------! 

) 

) 

eX!)erience in this field is that industr~al research 

and develooment tends to be divorced from the needs 

of the agricultural sector. "The industrial 

system produces a range of tools and machines, 

the coherence of which results from that of the 

industry: the agricultural ~vstem calls for a range 

of tools and machines the coherence of which, 

is not, a prior, identical" 1 • 

Thus, all the research in develo9ment of more 

efficient agricultural imolements have been suooorted 

by the government. There aas been a conscicus 

effort on the part of the government to set up 

research, engineering and training institutions 

in this field. once the initial research and 

develooment has been done the priv::ite .c:;ector may be 

able and willing to take up manufacturing. This 

too once the implement has ~roved its acceotability 

by the farmers and is exoected to have a market. 

The bulk of f",_1e work on the develooment of 

improved i~plements is done at engineering c~lleges 

1 mlIDO - ibid Page 1-1 
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attached to agricultural universities and s9eci

alised agricultural engineering and research 

institutes set uo and financed by the Central 

and State Governments. Annexure II lists some 

of the i~portant ones in this field. The 

agricultural colleges undertake research 

education and extension. 

Some of the state governments, with the 

financial assistanc~ of the central Mini$try 

~f Agriculture have also set un agro-industries 

corooration for the manufacture of agricultural 

implements. These corooration run training 

institutions and workshoos in rural areas. 

The~e are meant to train artisans and mechanics 

in manufacture, maintenance and reoairs of 

imoroved imolements. 

The agro-industries corr.>orations have 

also taken u~ the manufacture of imryroved 

agricultural im~lements which have been 

successfully tested. 



l 

) 

) 

Extension work in introducing improved 

imolements to the farmers is oerhaos the mo~t 

crucial function. Extension work ij done at 

several differ3nt levels. The agricultural 

universities have their own extension depart

ments and they also run demonstration frame. 

They have regular fairs to wh~ch farmers of the 

surrounding ar~as come to learn about new 

i11pr·:>VC!d agricul tur.31 oractices. 

Under the Intensive Agricultural District 

Progra~me extension work is carried out by the 

District Agricultural Officer. At the block 

level ther~ are Agricultural 2xt~nsion Officers. 

At the village lev~l are the village-level 

worker~ known as •gra~ sewaks'. 

At ano~her lev~l are voluntary agencies 

which undertake exten~ion at the village lev·~l. 

The Indian exoerience has been that the 

system suff.e rs from bur·~aucratic rigidi tie~. 
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) 

The most successful extension work has been done 

at the vill~ge level by vol~natary agencies. which 

have oroved more successful due to their flexibility. 

The Indian experience also h~ghlights the role 

of the govern.'llent in provision of credit both at 

the level of manufacturing and purchase of the 

im9lements. The bulk of the rural economy belng 

very short of ca~ital the activity has to be 

sust3ined by credit. Credit is made av~ilable to 

t."ie artisan for ·~mrchase of tools and worl:ing 

caoital to the farmer for the 9urchase of the 

imole~ents and to the small scale i~dustrial 

unit for ca9ital investment. 

4.3 Emoloyment 

Altho•.1gh the bulk of the traditional 

implements are still manufactured by the village 

artisan, to the extent these are being replaced 

by improved agricultural imolements there is an 

impact on the employment of the village artisan. 
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Improved i~olements are manu~actured in the organised 

sector and the manufacturina unit~ tend to be in the . -
urban areas. Due to this trend there has been a 

serious displacement of village artisans in many 

areas. 

The organisation of manufacturing sh~uld be 

such as to be able to involve the dis~laced artisan 

i~ ~he new level of activity. The manufacturing 

activtty should be accessible to the village 

artisan side by side with the traini~g work~hoos. 

Instead of centralising manufact~ring activity 

at the state level the system should aim at 

disoersed manuf 3cturing at block lev~l work~hops 

with the agro-indu5tries cor.:>oration co- ordinating 

the activity at the stnte lev~l. 

4.4 The Scale of Production 

Agricultural imolements are made at·· the 

lev9l of the village artisan and in organised small 

industrial units. Though im~roved agricultural 
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irnplement!I; are mainly being 9roduced at the level of. 

organised small industrial units, the two are comole

mentary. The village artisan is crucial to sustain 

the market for these im9lements as he undertakes 

the functions of maintenance and repair. 

Large scale production at the level of the 

agro-industries corporations has shown no advantage 

over the small scale units. variati~ns in design 

requirements for different regions mean a very 

varied product mix for large scale production. 

Again,at the level of the villag@ and use on the 

farm it is 'the village artisan who ha~ to supoort 

them. Large qcale production has been more relevant 

in the manufacture of power driven agricultural 

i~plemants an:i machinery. For sim~l~ animal 

drawn im9lements the small scale oroducticn unit 

has been the most a?propriate. 
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l 

~!t£:.on l - ~fo~id ';•estern Hi:nala_yan ?.ee:ion 

Area : Jammu 3. i<ashmir, '.:-iir.iacbal Pradesh & No:=the rn 
Uttar Fra de sh. 

Climate: Hot to sub-hunid t:::.-ccical in south~rn tracts 
e. cold arid in Lhe r:o=tht:rn mountains. 

Annual ?.ainiall: 8-350 cc. 

I~~ortant soil types - ; .. o• .. inta :i..n mea C:ow and sub-mount: in 
me:c:ow soil. 

Im?ortant crops-i~oeat, maize, rice, barley, potato and 
orcba re c ror ~. 

~era tirul ,!m~ei:"1<: ill 

• 
Seedbed preparation - l. ~-:101.>l d boa rd plough, 10-15 cm. 

2. Cisc i-iarrow, 6 disc. 

3. patela harrow. 

4. Feg tcoth harrow. 

5. Land leveller. 

,...... .. 



Sowing 

Inte rcul tu re, 
Weeding Earthing 

Ir ric;a tio n 

Harvesting 

Threshing 

Fost Harvest 
Equipment 

. TransfJort 

8nnexure r (contC.) 

l. See d-cum • .f e rtiliser drill 1 

2-3 row. 

2. Sv\·:ing and fertiliser at tachement 
over eesi plough. 

3. r;·~aize planter 

4. S.:mi-automatic ~otato plant 

1. J-5 tined cultivator. 

2. Ridge r 1 3J-40 cm 

1. Pc; rsian v:he i::l 

2. Animal drawn du~lcx pump. 

l. Potato di~~er. 

l. Olpad thresher• 

1. Chaff cutter. 

l. Im~rov~d bullock cart with 
bra l;e s. · 

' . 



l 

~~on 2 - Humiq Sengal Assam ?c~ion 

Area : Bengal, Assam. 

Climate: Hot humic monsoonal. 

Annual Rainfall: 220-4'..'10 cm. 

Important s~il types: Alluvial, red, brown hill and 
coastal. 

unportant crops: Rice,jute, tea, maize, wheat, castor, 
rapseed, r.iustard, potato, vegetable 
crops. 

Q.'25,rat iQ!l Im~lements 

.. I 

Seedbed pre para tion l. l·.~oul d 3oa rd plough, 10-15 cm. 

Sowing 

2. Cisc harrov1 6 disc. 

3. Fatela harrow. 

4. Fuddle r, 50-70 cm size. 

5. Peg tooth harrow. 

6. Land leveller. 

1. Se .,:d-cum-fertilise r drill, 
2-3 row. 

2. Sowing & fertiliser attachment 
over de si plough. 

3. r~aize plant::r. 

4. Jute se E:: d drill • 

. . 

--------·-·~--------~-~·---



Inter cul tu re, :,iee ding, 
earthing 

1. Three tined c ul ti va tor. 

2. Ridger. 

Irrigation 1. D.Jple x pump. 

Post harvest operations l. ~haff cutter 

2. t-otato grac!er 

Transport l. Improved bul leek ca rt. 

__ ._._...,.... ____ ........, ______ ~----------.._.._. ____ ._...~------...,_----._.---------~--~-.-~ 



I 

Area Arunachal Pradesh, ;,;agaland, Meghalaya, r:~anipur, 
T . ". ~·' ' . A d . rt. b r:Lpura, ~ .. izorarr:, ~l..<.l~m, n arr.an c.. .-.ico ar 
Islands. 

::lima te : ;-1ot humid monsoonal type. 

Annual Rainfall: 2C0-400 cm. 

Important scilil ty~es: 3rcvm hill, red loamy, red and 
yellow, alluvial & laterite. 

Important crops: Rice, maize, snall ~illets, potato, 
oilseeds• T~rrace farming is common. 

~eration 

Seedbed prep~ration l. ;.:oul d boa rd rJlough. 

2. Disc harrow, 6 disc. 

4. Fuc:cl~r, 50-70 cm. 

Sowing 1. s~ed-cum-fertiliser er ill ' 
3-3 rov1. 

2. Sa .:cing att2chment for 
d~si plou~h. 

3. ::.ai ze plantar. 

4. ~otato pla n-:e r. 

.. 

- - -- .. ·--------- . 
I 



Q.g_e ration 

Inte rcul t. u:re, '•:ee ding, 
earthing 

l. Three tine c cultivator. 

2. Fi~e tined cultivator. 

3. !lieger. 

Harv es ting l. ~otato cigge r. 

Post harvest operations l. :haff cutter. 

Transport l. Improved bullock cart • 

.. 



Area : Punjab, Haryana, UF and 3ibar. 

Climate : S.xtreme climates. ::-:ot summer and cold v;int.::r. 

Rainfall : J.J-200 cm. 

Important soil types: Galcarious sierozem, redish 
chestnut and alluvial soils. 

Important crops: ~ilieat, rice, maize, potato, sorghum, 
mustard, ::;ulses, ;nillzts, su~a=cane 
and vegetabla crops. 

Qpe rat iQ.C. Im:;ile:.:~ nts 

Seedbed preparation 1. ~;·.oulc board plough 15-20 cm. 

2. Disc harrov·J 6 disc. 

3. Harrow patela. 

5. paddy pu cdler 70 cm. 

" 3und forme=· o. 

7. Buck. scra iJEr. 

s. '1io o c.'<: n float/levelling 
boa rd. 

.. 

.I 



l 

) 

, 

Interculture, ~ieeding, 
Earthing 

Irrigation 

Ha rve s 'c ing 

l. S:ed-curn-fertiliser drill 
3-5 rcM. 

2. s~:.: ding attachmznt for c:= si 
plough 

3. ;/.aize planter. 

4. Potato plant; r. 

5. Sugarcane planter. 

6. Groundnut planter. 

l. 3-5 tined cultivator 

2-. 

3. 

1. Persian wheel 

2. D.lplex pump. 

l. Potato digger 

2. GrounC:nut digger. 

Threshing l. Olpad thresher. 

Fest Harvest Operations l. :.tiaff cutt~r. 

2. Sugarcane crusher. 

Transport 1. Improved bullock cart • 

. • 

--------------,-· 
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Area : Orissa, Eastern r.~.F., Anchrc. Fraeesh. 

Climate : Tropical monsoonal and sub-humid to humid. 

Annual Rainfall : 100-180 cm. 

Important soil types: ~.'.ixed black, red and yellow, red 
sandy, laterite black, riverine 
alluvial and ~oastal sandy alluvial. 

Important crops: 

OperatlQ.!J. 

Rice in high rainfall area. 
Sorghum in drylands. 
Groundnut, =otton, mustard, linse;d, 
pigeon pea, coarse millet and sugarcane. 

~ements 

Seedbed preparation l. r:.oul d boa rd plough, 15cm 

2. Cisc Harrow, 6 disc. 

3. Harrow patela. 

4. Paddy puddler, 70 cm. 

5. Bun d f o rme r. 

6. 3uck scraper. 

7. '..lod crusher. 

8. ',iooden float/levelling 
board. 

. . 
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Owe ration 

Sowing 

Interculture, ~eeding, 
Earthing 

1. Se~c-cum-fertiliser drill, 
2-3 row. 

2. Se ~oing attachment for 
desi ~lough. 

3. Groundnut/cotton planter. 

1. 3-5 tined cultivator. 

2. 

3. Im:.; rove d ba kh a r • 
' 

Irrigation 1. Cu;:lex pump 

Harvesting l. Groundnut digger. 

Fost harvest opera~ions l. ~haff cutter 

2.. Sugarcane crusher. 

l. Imcrove d bullock ca rt. . 

.. 

-~ 
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Reaion 6 Arid Western Plain 

Area : Rajasthan and Gujarat 

Climate : Arid with extremes of temperature 

Annual Rainfall : 11)-65 cm 

Important Soil Ty?es : Alluvial, grey br~wn alluvial, 
black, desert and alkaline. 

Important crops : Pearl millet and sorghum in desertic 
tracts. 

Others : 

0-::ierations 

Wheat, pul$eq, maize, cotton, millets, 
rice, groundnut, sugarcane oilseeds. 

Imolements 

seedbed preparation 1 Mould board -pl·.,ugh, 15 cm 

sowing 

2 Disc harrow, 6 disc. 

3 Harrow patela 

4 Bund fonne r 

5 Buck scraoer 

6 Clod crusher 

1 Seed-cumfertiliser drill, 
2-3 row 

2 se~ding attachment for desi 
plough 

3 Maize planter 

4 Groundnut planter 

5 Cotton planter 

6 Sugarcane planter A 
(in lighter soil) 

'. 



l 
ooerations Inrolements 

Intercul ture, weeding, 1 3-5 tined =ultivator 

earthing 2 Ridqer 

3 Improved bakhar 

Irrigation 1 Persian wheel 

2 Du9lex pump 

Harvesting 1 Groundnut digger 

Post harvest ooeration 1 Chaff cutter 

2 sugarcane crusher 

Transoort 1 Im9roved bullock cart 

.. 
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Region 7 

Area 

Climate 

: 

• . 

Semi Arid Lava Plateaus and Central ~ighlands 

Madhya Pradesh, Maharashtra, Goa, Darnen & Diu 

Semi-arid with extremes of temoerature 

Annual Rainfall : 7ry_750 cm 

Important Soil Tynes : Alluvial black and lateritic, 
mixed red and black and 
yelloWi'Sh brown 

Important Crops : Millets, maize, wheat, rice, 
oilseeds, cotton pulses and 

sugarcane. 

Operation~ Imnlements 

seedbed preparation 1 Imoroved bakhar 

2 Mould board plough, 15 cm 

3 Disc harrow, 6 disc. 

4 Harrow patela 

5 Bund former 

6 Buck scra?Jer 

~ Clod crusher 

sowing 1 seed-cum-fertiliser drill 
2-3 row 

2 seeding attachment for desi 
plough 

3 Maize planter 

4 Cotton planter 

5 Groundnut planter 

.1 



l 
Ooerations Imolements 

Interculture, 1 3-5 tined cultivator 
weeding, earthing 2 Improved bakhar 

3 Ridger 

Irrigation 1 Persian wheel 

Harvesting 1 Groundnut digaer 

Post Harvest 1 Chaff cutter 
Operation 

2 Sugarcane crusher 

Transoort 1 Impro,red bullock cart 

.. 

-·.---~ -
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Area : Tropical. 

Annual Rainfall: 60-3JO c~. 

·Important soil types: Black, red lateri:tic and alluvial. 

Important crops: Rice suga :::cane and garden crops in 
irrigated areas. Sorghum, finger 
millets, µul~es, :otton and pulses 
in dry far.r.ing areas. 

Se~dbed preparation l. Im;: rove d ba kh a r. 

2. ~ould board plough, 15 cm. 

3. Cisc harrow, 6 disc. 

4. r:arrow patela. 

5. 3und fo!.'mer. 

6. Buck scra r::e r. 

7. Clod crush e r. 

Q ..... 
9. :;iooeen float/levelling 

board. 

.I 
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I 
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Sowing 

Inte rcul tu re , ·.-~e e ding , 
Earthing 

Harvesting 

Post Harvest Operation 

Transport 

1. S::;~d-cum-fertilize"': drill, 
2-3 row. 

2. Sc:c:ing at ta:hm~nt to 
dE5i plough. 

3. r~:aize plani:e r. 

4. Cotton planter. 

5. Grouncnut plantc:r. 

1. 3-5, tined cultivator. 

2. Improved ba kha r. 

3. ru. O:;e r. 

4. SW~E P• 

l. Groundnut digger. 

1. Chaff cutter. 

2. Sugarcane crusher. 

l. I~proved bullock cart • 

. ' 
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An~:o<u!'e II 

.;:.;.r,ci~s eno2.oeci in_i5S.§~rch an£_ f roc\.!ction of Im;.r-ov~d 
6~~f_:.!l.~1--~~l;un.ts 

1 -· :Oll~ce of Acricul ti;ral C.n,~inee rir.<:; 
Tamil J:··aeu Aqricul tural University 
:Oimbatore, incia. 

2. '.:e:ntral In:ititu"te of :\gricultural =.ngin::c;ring 
cl1opal, inoia. 

.... 
..:!e 

4. 

5. 

6. 

7. 

International :rep ?<search Inst~tutE for 
Sc~i-t..rid Tropics, 
Hyc.=erabad, Inda. 

~oll~£e of Technolo~y 
C. ::;. Fant Jniversity of Agric..;lt...i.:=e and Technclo·;y 
fantna;ar, India. 

:Cntral P.ice Resea::.:ch Institute 
·:utta ck, India. 

InCian Grasslancs and Foeder ?.esearch Institute 
.Jhansi, Ir.cia. 

Incian Institute of Sugarcane ?.esearch 
Lucknow, Incia. 

a. Indian Agricultural Research Institute 
:,~e:w Ce lhi, India. 

. . 
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'='· ;;~ryein.J Agricultural University 
;-;is3ar, Incia. 

10. Ju-:e .·\gric~lt~ral ?-.~se-Jrch :Insti~~tia 
3a rrack~or;, India. 

ll. :allege of Agriculture 
i .. :.;;hatama Fhule Krishi Vidyap~eth 
F;.;ne , ln dia. 

12. :oll~g~ of Agricultural Engineering 
Punjab Agricultural University 
Ludhiana, In~ia. 

13. 

-t" 
:::entral Plantation Srops Research Institufe 
~saragod, India. 

I • -'+• 

l "'. .... 

16. 

Acricul tu ral F.esea rch Institute 
A~dhra PracEsh Aaricultural ~niversity 
;-r yde ra ba d, In cia: 

r:./s ·,;ate r r:evelopmiznt Society 
;:,oula Ali 
Hyd~rabad, India. 

M/s Vicon Limited 
35/5 Langfo=d ?~ad 
BangJlor~, In~ia. 

17. ~;Js Cove::nme!nt Implcm€nt Fai:to::y 
$atya Nager, 
Shubaneswar - 75100 
Orris sa , India. 

18. R.N. ~!1aha patra 
62 Surya ~!agar 
3hubaneswAr, In~ia. 

.. 

'. 

-·' ; : 
.I 
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lS:. ::Js Small Scale Ineustries 
nu era pur (U .F. I 
India. 

20. ~:Js f;;.f. ST.ate Agro Industries Co:;:-po=atic1n, Ltd., 
7. 7. r~a4ga r 
.... 1 - ,. :Jnor-a , i.ncia. 

21. ; .. :/s i-iema Engin€ering Inc~stries 
26, ?...K. Nagar 
i-:o:.md21noalayam, 
~irr.ba~ore, India. 

22, ;:.js LivJana Incwstries 
7/G Guru•nar Feth 
F•_ina, India. 

23. M/s 5aumi tra Fabricators 
Phal tan, In cia, 

24, ~ .. ;·Js Ste zl ~ngine :ring Corµo.=ation 
Lo ha ri i\~a rg , 
sahc.ranpur, India, 

25. ivi/s U.F. Agro Industries Corporation 
22, Vidhan sa~i..ua i\,arg, 
~ucknow, India. 

26. M/s Precision Tools 
10-A Inc·ustrial ::.sta:e 
Lu C:hiana, 
t:unjau, Incia. 

--· 

.. 

, .. 
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