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Imptcved agricultural implements and tools duh as those developed 

by Allalubad s ttualte, and mold eximuively by the Agri­

cultural -ve1;t r, it possible to dmble the effective- Society, 

cultivated area comm.nded by a pair of draft oxen. The use of the omrbi­

nation of soil-turning plow, disk harrow and seeding mwhine will increase 

both the ocmmwnd area and the quality of the work dcmne resulting in an 

increase in crop yields. With extensive prumtion by the Goverrmnt 

Extension Service and by developrent agencies, these implemnts have 

been tried and adopted by many fanmirs and are now in production by many 

stall nu ters in India and otber coutries. 

There are serious limitations to iup'oed, anizl-drm.mplemnts. 

Perhaps the woat serious frz the farmrs' point of vim is that the ace­

plete set of implements oots about the same amt as the cost of the 

animals that can be displaced. awver, in dditicn, the single pair of 

anials are not capable of priding adequate theshing or irrigation 

capacity at the higher prodaction level. oneqtently, it is necessary 

for the faimr to invest in engines with pups and threshers as he inten­

sifies his Production. Owe fazmets have mastared the use and care of 

iproved, anial-dram iplemets and pmp engties, the transition to 

tractor operation is a modest step. 

Interest in the smll tractor arises frm to basic hypothesis about 

IEC agriculture. The first is that the small fare enbrpcise is essen­

tially a pfz= institution. ile the data is f ajwpentary, it 

appears that farmers are getting muller in the WCs due to population 
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pressure and official action in spite of the obvious ecmnuic advantages 

of larger scale enterprises. A a corollary to this first hypothesis, 

it is speculated that a small fanner with independent control of a small 

tractor will have a greater return from his enterprise than by shared 

use of a more efficient, larger machine. The second hypothesis is that 

the ccmparatively large number of small farms in the LDCs would enable 

econon-ies of scale in manufacturing of small tractors that could negate 

the usual relationship of costs for various tractor sizes. This latter 

assumpion is not crucial but nonetheless of considerable significance 

when looking at the size stratification of farm enterprises in India or 

Honduras as a couple of exanples (see Tables 1 and 2). 

Thus, the question was asked, "What would be the perforne of 

small tractors on Indian farms?" The Ford Foundation provided a grant 

to Allahabad Agricuitural Institute to study this question. 

I. The Tractor Evaluation Pn jc_ 

Under the Tractor Evaluation Project, four tractor types were 

selected for placement on typical fanning enterprises. Tractors and match­

ing iMplemets were purchased frcm commercial production to represent 

these types. The project provided full backup servicing, spare parts, 

equipment adaptation and adequate capacity to mnitor performance and 

ensure a simulation of normal farm use. The project provided initial 

operator training and necessary assistance to maximize the use of the 

Avystenatic performance mnitoring and testing under real field con­

ditions was onducted through the full period of farm use. At the end 
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of the three-year project, data was available from 29 farmer, for perich 

of 15 to 30 months of tractor use. 

The tractors were selected to represent Japanese, European and U.S. 

engineering practices and implement options. Both walking and riding 

types were obtained. In many cases, improved animal-drawn implements 

were modified and attached to provide the farmers with the equipment of 

their conventional practices. By purchase of cuercial machines, the 

project acquired equipment more quickly and at lower cost than by local 

development. The expected subopttm peromance of imported equipmnt 

was considered a negligible factor. The initial selection of equipment 

and spare parts provided for a wide range of study (see Table 3). 

The farmers were selected for their reputation as progressive managers 

and for their expressed interest in cooperating with the project. The 

village-level workers of the Government extension service were asked to 

nrminate a mall group from which the project staff selected the cooper­

ating farmers. The farmers were the 3-5%of the size class in which are 

usually found the innovators of their cmmnunity. One of the facts die­

covered in the selection process was that practically every village in­

cluded one or two farmers who had strong interest in having a small 

tractor. 

The farmers ware provided training in the care and operation of 

equi- ent and in the maintena= of the service and perforace records. 

The farmers were required to purchase all of the fuel and oil used. Rmn 

was not charged for the use of the equipment in lieu of the farmrs' 

agrent to maintain records and cooperate in occasional detailed 
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efmance asuremnts for the various implements. Also, as the equip­

ment wa o loan to the farmer, it was expected that he would continwe 

to maintain his work animals for use after the project was ocmpleted. A 

team of three Peace Corps volunteers and four Indian agricultural engi­

neers was used in fanner training, operational suport and cizpilation 

of the performance records. After the tractor was assigned to the farmer, 

he made the decisions regarding the use of the tractor. The field staff 

offered reccamerdticns upon request but minimized their role in decisions 

regarding use.
 

Three types of measurments were oompiled during the project. The 

farmers maintained a sinple, continuous record of tractor use, servicing 

and other observations. The operating records were collected weekly, 

compiled and summarized by the project staff. One engineer was assigned 

to each tractor type with the task of making ocmprehemsive, precise oper­

ating studies for all tools. These performance tests were used as a 

standard in reviewing the farm performance and also as a basis for equip­

inmt comparison and adaptation. One engineer worked full-time in adapt­

ing the improved animal-drawn implements for use with the project tractors. 

Perfonace data was collected and the adaptations ware offered to the 

farmers as optional equipment. The adaptation work was of a second pri­

ority status in the project, but the staff was of sufficient capability 

to permit a considerable time for this type of &ctivity. 

II. What was learned? 

The farmers used the tractor more than was expected, reaching 600 

hours per year in the second year of use. In the first year they 
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specialized i tilae, ha:Uimn and water plng. in the second year 

they tried threshing and planting. Also in the first year they did a 

considerable amout of custom work, often tillage for a neighbor in ex­

change for his use of oxen to plant on the tractor user's farm. General­

ly the farmers shifted to camplete tractor use an their awn or family 

land. 

Innovations, particularly more intensive land use, were being 

atteapted throughout the project. One of the most interesting cbsxva­

tions was that the oxen were sold by all farmers after a mnth or so of 

tractor use. A few of the farmers replaced the omen with milk animals, 

and others noted that the sale of fodder was an aditional source of 

farm incm. 

All farmers reported an increase in producticc which resulted from 

a ccmbinat of more ouble cropping and increased yields. Before the 

use of the tractors, the farmers had realized about 130%crop intensity 

a their LrPd. Tractor use enabled crop intensity to be raised to 150­

180%and fanmers indicated the intention of going to over 200% if they 

could continue to have tractor power. All farmers clamed increased per­

acre yields because they were using better 3s, more fertilizer and 

more irigatim as well as better timeliness of field work. Attribution 

of the yield benefits to tractor use rather than the other inputs was 

not attempted although there is apparently a strong interdekedency (see 

Table 4). 

The placement of tractors on farzs was according to the ratio of 

.1-3 acres per engine horsepower. Initially we were not confiuent that 



the fanmrs were reporting their farm acreage accurately, nor were we 

onfident of the optimun size relationship. As the project developed 

we learned that the farmers had underrepoxted their land holdings. As 

the farmers mastered the use of tractors, they tended to concentrate the 

use on an area of 1-2 acres per engine horsepower. A few iplemln s 

ware used nire extensively for custom work. Another factor tening to 

reduce the command area was the shift to more double cropping. It 

appears that one horsepower per acre may be the design basis for inten­

sive farming in the project area. 

The impact of tractor use on hired labor wms one of the lare sur­

prising observations of the project. Because the project anticipated 

the farner discontinuing hired labor use with the reliance on tractor 

power, the farmer was trained as the tractor operator. However, in
 

practically all cases, the farmer trained his penmMnent hired-ann to 

operate the tractor within a ncmth or so of getting the tractor his 

aranguunt1 proiided the fanner with nore status, mre freefta to go to 

town and, as it turned out, "areaccess to scarce supplies of hlqpved 

seed and fertilizer. At the sane time the greater yields contributed 

to a higher salary for the permnent hired-ian and sa increase in 

daily wage rate work. This phenmena had not been anticipated at the 

outset, nor was it detected in the first year; consequently, baseline 

dati was not collected for thoraigh analysis. 

The project staff was adequate for all training, servicing, data 

collection and analysiL functiCos, plus considerable study of equipnent 

adaptatin. ~he training program eventually avolved into a three-day 
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initial program for a farmer followed by one-day programs for each field 

iplement. The farmer service and data collection requiremnts were 

acoamlished in weekly visits after the first season of tractor use. 

Daily visits were necessary only during the first week. At any time 

the fanrers could inform the project headquarters by mail or by visit 

using bus service, and an engineer could be on his farm the same day or 

the nect day. 

Iocally made iilements were adapted to all tractors for the cManIM 

and inpoved cultural practices. All of the imported implements ware 

denstrated to all of the farmers, but many inplements were not acoepted 

because of the ccmlexity of adapting the farm enterprise to their use. 

For example, a reaper was available for are tractor but farmers were un­

aicustomed to the early harvest necessary to minimize field shatter 

losses. In other wards, the farmers would have been satisfied with much 

simpler tractors and implements, at least through the first five years of 

tractor use.
 

There were sane eqipment servicing pa .:blems. For example, one 

farmer replaced the crankcase oil of a diesel tractor witli "filtered" oil 

rather than new oil. Another farmer continurd to use a cultivator after 

bending a standard by hitting a rock. Two operators were hurt serio.usly 

and machines were occasicnally operated with loose bolts or poor adjust­

ment for the particular fieli conditions. The fact was that the farmers 

did follow the instruaons as they understood them. It was possible to 

develop a training program that worked fram the third to fifth grade edu­

catio of the farmers. It was interesting to note that the final list 
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of service problems did not include anything different frau the University 

of Illinois study of Maintenance of Sixty Farm Tactors. 

III. How to Use the Experience 

The Tractor Evaluation Project demonstrated the functional utility 

of small tractors on small farms. Evaluation of the data indicates that 

a simple tractor and iplements would have been adequate for the first 

five years of tractor use, if not for the life of the tractor. The 

limited data, however, requires speculation about the ecoamics of small 

tractor use. Fram the information available, it appears that the economic 

analysis is also site specific and should be undertaken in each locality 

of interest. 

The intensive servicing provided by the project was an important 

aspect differentiating this study frum numerous attempts at introducing 

small tractors to LDC agriculture. The initial training and service re­

quirements were found to be high but they decreased rapidly as farmers 

gained mastery of the equipment. A specialized mobile field crew for the 

introductory season may be the strategy for setting up commercial viabil­

ity in acceptable time frames. By elimination of the adaptation aspects 

and the data collection work of the project, it would probably have been 

possible to introduce ire than fifty trE.toors in a radius of 25 kilo­

meters during a one-year period with the sevn field staff of the project. 

The established us 2of high-yield technology stands as an essential 

precondition for tractor use. The high yielding varieties establish a 

high-yield potential that improved managemnt and tractor power may ex­

ploit. The initial use of irproved technology also proved to be a reliable 
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proy for the farmers having established the camercial linkages neces­

sary for the purchase of fuel, oil and other supplies. This precordi­

tion isnot a serious constraint to small tractor introduction, as mre 

than 90%of Indian wheat acreage is now in hiqh yielding varieties. 

The benefits of small tractor use insome other areas of the world 

may exceed the benefits observed in India. There are areas in Central 

and South America where weeds are a serious problem and where land is
 

not cultivated for lack of enough animals or large tractors. Many of
 

these plots are limited by the terrain and are quite likely to be best 

suited to small tractor operations.
 

Based upon the Tractor Evaluation Project, it appears that a team 

of two demonstrators or servicemn might assist a dealer place 20 trac­

tors on farms in one season. If each of these farmers were designated 

to be a "model farmer" and thereby provided scm help to interested 

neighbors, it might be possible to expect each tractor to stimulate the 

sale of one or two additional tractors the next work season. If sales
 

grew at the rate of three per year for each tractor inthe population,
 

a cocmmercialiy viable enterprise could be established rather quickly. 

Micro and c s remain largely unexplored. The microanaly­

sis appears to be favorable based upon thu potential for sizeable pro­

duction ixcrease. Further, a quick comparison of sinple, small tractor 

prices with the costs of draft animals and irrigation pumps reveals 

essentially equal prices. The macroinpact isperhaps even more interest­

ing- A rapid increase inagricultural production is sought by all LDCs. 

The prospect of achieving this with local industrial enterprise is very 
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attractive. The additional prospect of the agricultural segment being 

a net employer and an expanded consumer market is an additional benefit. 

There are a number of U.S. small tractors that have the functional 

requirements indicated by the Tractor Evaluation Project. A further 

study of these tractors to determine their ecoomric parameters is needed 

to advance the frontier of knowledge in this field. This hard economic 

data is needed to provide the firm basis for the investment decisions 

that are necessary to set up a tractor industry. 



TABLE 1
 

ALL-IMIA FAM POWER SPBMIZZ
 

Farms 

Farm Size Power Source limber Percent Area 

(morel)(thousans (percent) 

0- 5 Rired 61,o76 62.3 19. 

5-10 
10 . 25 
25 50 

5C+ 

bDUocks 
mall Tractors 

.S.al.i Tractors 

Large Tractors 

9,646 

6,843 
2,119 

5-

• 19.3 

13.7 
3.6 
1.0 

203 
30.8. 
17.9 



TABLE 2
 

FARM SIZE: DISTRIBUTION OF FARM NUMBERS AND AREA 

FARM SIZE FARMS AREA (HA) 
TECHNOLOGY (HA) No; Area Z 

Hired 0 - 2 72,417 37.1 75,118 . 2.8 

One Animal Pair "2 - 5 52,330 26.8 163,561 6.1 

Small Tractors 5 ­ 20 :.47,478 .24.3 . 468,983 17.6 

Japanese" 4-wheelers 20 ­ 50 15,184 7.8 461,464 17.5 

*Conventional Tractors 50+ 7,908 4.0 1,485,849 56.0 

TOTAL - 195,297 100.0 2,655,095 100.0 

SOURCE: 1976 Agricultural Census 
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TABLE 3
 

NO= TRXIR SPECIFICATIONS* 

I II III IV
 

Tractor Style Walking Walking Riding Riding
 

Engine Horsepower 5. 10 10 15
 

Weight (ibs.) 325 650 1,000 1,500
 

Drive Wheel Size 
 4 X l0 650 X 16 6 X 16 8 X 24
 

!-*eel Tread Min. (in.) 14 24 32 37
 

Wheel Tread Max. (in.) 24 36 36 48
 

Clearance (in.) 
 6 8 10 16 

Wheelbase (in.) - - 48 .60
 

Front Wheel Size (in.) - - 4 lo 4 lo 

Turning Radius (in.) - - 66 

Source: Progress Report No. 5--Recc'ene.-dations of Specifications 
for Tractors of Less Than i5 Horsepower jnich ar.. to be Used in India,
Tractor Evaluation Project, Allahabad Agricultural Institute, October 1966. 

Best Available Document
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SMAL TACR 

Tsars of tractor use 


lend area controlled (A/Hp) 


Cropping intensity (percent) 


Irrigation pumping (hours) 


Tillage (hours) 


Carting -(hours) 


S6edin (hours) 


Threshing (hours) 


SprYing (hours-) 


Miscellaneous (bours) 


Hired out (hours) 


TAL HOURS 

*John S. Dlis, 1?ro-ress 
The Tractor Evaluation proJect, 
'.V67 

TBLE 4
 

SEMMWTALE 

1-3 3 - 5.10
 

" 3
 

150 200 .225
 

200 250 .300
 

125 .175 "225 

50 	 50 50
 

50 150
 

25 100
 

25 750
 

-	 - 25 25
 

100 100 ­

500 700 900
 

Reuort No. i4--SuMMary of the-fPog~ts 
Alnshabad Agricultural Institutes March 

a/ •Does..not includLe Lravl. to market o= .near Lvillages OZ family.. 
social esimilar purposes." 

Beet-Avidfirble IDocMe'
 


