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THE UTILIZATION OFASMALL TRACTORS IN INTEGRATED AGRICULTURAL
DEVELOFMENT: THE TRACTOR EVALUATION PROJECT APFLIED

By
John §. Balis¥

- I Introduction

. The American family farm continues to be the bulwark of our agri-
cultural community and is widely regarded as "the most efficient farm
plant in the world" (1, p. 10; 2, p. 40}, Not only is the well-run,
Sfamily farm a highly productive operation, but it provides the farm family
a standard of living that practically equals the standard of living in
the cities of this nation, These facts have fascinated those responsible
for planning the agricultural development programs of many so-called less-
developed countries. Their problem is to identify the equivalent essential
parameterg of an "ideal farm" for the particulsr social, politicsl, agro-
nomic and other conditions of their courtriles.

Mach analysis has presumed that the economic guccess of the American
family farm and the high productivity of American agriculture was associw
ated with the "large size" of the American operations in comparison with
the size and productivity of the farms in the developing countries; that
is, the advantage is an economy of scale. However, the comparative per-
formance of even larger farms, such as the Russian collective farm, the
plantation of the troplcs, or the U.S8. corporate farm, indicates that the
- U.8. family farm enjoys a factor of advantage other than the economy of
scale. Management by the independent owner-operator stands out as the
vital characteristic of the American family farm.

Ho othér-single thread of policy runs through our agri-
cultural history with such consistency--or with such success--
as the policy that favors the family farm. (1, p. 6)

* John S. Balis is an Agricultural Officer with the U.S. Agency for
International Development. His most recent overseas assignment was as
Chief of the Agricultural Services Division of the AID Mission to India,
and previous to that he was in cherge of the Iractor Evaluation Project
gt Allahabad Agricultural Institute. He spent the 1973/74 academic year
at Cornell under the AID Study Leave Program. In slightly modified form
the present paper was first submitted as part of the requirements for
Agri;uﬁtural Economics 560: Tood, Population, and Employment, Fall Term
1973/T4.
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Thig understanding of the strength of U S. agrlculture has encouraged
agricultural planners in the developing countries to increase regources

for programs to strengthen the existing ¢wner-operator farms of their
nations, Because of population density and limited resources, the typical
farm of the developing countries will be smaller than the American counter-
part, but for all the developing countries the institution of the family
farm is a highly desirable political and social institution.

The governments of the developing countries, particularly the planning
. ministries or departments, recognize that increased agricultural produc-
tivity in terms of upit land area is a prime requlrement for national well
“being. Greater productlon is needed to feed and clothe the nation and
‘greater productivity is needed to realize the targets of improvement in
living standards Uroposed in the national: develomment plans., A logical
course for simultaneously achieving these obaectlves would be to intro-
duce tools and equipment to raise the product1VJty of the agrlcultural
enterprise and its workers., However, options in imtroduction of mechani-
zation are seriously constrained by lack of investment resocurces and by
-concern that a mechanization program would aggravate an already serious
rurel underemployment situation. This study is an investigation of an

~: intermediate technology that would raise farm productivity with minimum
- capital requirement and minimum lsbor displacement effects.

This paper describes a process of mechanization by the introduction
of small tractors on the small farms of an Indian state, U%tar Pradesh
- (U.P. ) in the Gangetic Plain of North India. This analysis is intended
to provide a quentitative insight into thie dynemics of the mechanization
process; a prcblem that has been heretofore commonly congidered in more
general terms.

IL. Thé Mécﬁanization Alternatives

The selection of the best farm mechaniza%ion'system is determined
primarily by the size of the farming operation, including difficulty of
the work to be performed, and secondarily by anticipated ownership and
operating costs. In other words, a family farm operation requires a power
unit with which the family can complete the seasonal work within the
" gvailable time period. The pehalty for too small a power unit, or uare-
ligble availability, is reduced yields; while the penalty for too large
a power unit is excessive depreciation and’ overhead costs. At this point
there is only fragmentary deta available to-estimate farm machinery
functional and econcmic performance factors for the service conditions
of the tropics and the agriculture operations of the developing countries.
The following comments on alternative power units contaln a large component
of subjective. judgment by the author.
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The most promising alternative systems for increasing power and
equipment. on small farms are of three types; i.e., 1) improved, bullock-
draewn implements with upgraded draft animals: 2) small tractors of less
than 15 horsepower selected according to independent farm power reguire-
ments; or 3) 35-horsépower conventional tractors utilized by several farm
operations either under shared cwnership or by hired use. Each of these
alternatives has the performance capability to meet the functicnal require-
ments of the various tillage, harvesting, processing and maintenance opera-
tiong of small farms, The three alternatives differ significantly in
initial capital cost and potential effective command area under normal
management, The information now available indicates that the command area
of each power alternative is: improved, bullock-drawn implements are
optimally utilized on 2-5 hectare farms; the less than 15-horsepower trac-
tors on farms with a total of 5-20 hectares; and the 35-horsepower tractors
-on farms totaling above 2C hectares. The level of mechanization is approxi-
- mately equivalent in each case, that is, the investment level is $50-90 per
“hectare, the level of power unit use would be 500-700 hours per year, and
power cost per unit of harvested crop would range $20-4C per hectare.

Local operating conditions, operator skill, farm management practices,
-and nmany other factors can cause wide variations in these factors.

The 35-horsepower tractors have been recommended strongly by the
farm equipment manufacturers in the developed countries because of the
low cost per horsepower and high versatility of these machines. The 35-
horsepower tractors have been imported throughout the developing countries
end used successfully under practically all soil and crop conditions.
Manufacturing of implements and tractors has been established in several
of' the developing countries. However, the 35-horsepower tractor has been
purchased by only the relatively few larger farmers of the developing
- countries and there has been 1ittle success in making the 35-horsepower
tractors readily and economically available to the smaller farms. Rela-
tively few tractor owners hire out their tractors largely because of the
~combination of factors which minimize depreciation in value and generally
provide inadequate servicing support. Those few farmers who hire out
their equipment are quite cautious in limiting use to family members!
neighboring pleots, which also facilitates coliection for services rendered.
At present there is no credit program under which a landless laborer could
purchase a tractor as a means of establishing himself in a business as a
contractor. In the finsl analysis, the 35-horsepower tractor is unsatis.
‘Tactory on two accocunts: first, there is no satisfactory mansgement tech-
nique (commercial hiring or cooperative} that has successfully provided
the small farmer adequate flexibility in access to tractor power according
to individual farm needs; and second, the continued promotion of the 35-
horsepower tractors contributes to a subtle soeial and political pressure
in support of land consclidation into larger farm operations.
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Improved, bullock-drawn implements are slso sericusly limited in

the range over which they have comparative advantage. There have been
literally millions of man~hours and vasgt amounts of money spent on
research with unimpressive results. Foster has measured an increase in
farm field tillage capacity of .30-100 percent for bullocks uging improved
implements (3). However, diesel or electric power is required for irriga-
tion and threshing of the high ylelding variéties, .The farmer may realize
some improvement in tillage quelity and a saving in tillage time, but his
© farm plan .remains seriously constrained by the limitations of animal
power. There are various estimates of replacement animal costes ranging
from zero cost to the cost of maintaining seven animals per each work
~animal. At low population density and low levels of power use animal
raising and maintenance can be done on waste and by-product feeds with
1ittle apparent cost, but to raise the quality and numbers of bullccks
will result in real costs,  The calculations of the following sections
attempt to reflect the current levels of cash costs. Also, entrepreneurs,
both small-scale and large-scale, have uasuccessfully ettempted the manu-
facture and marketing of the more promising implements, In brief, the
improved, bullock-drawn implement system cffers very limited potential

for improvement in raising farm productivity or reducing production costs,
and there is little opportunity to improve the relative performance of
animel power as sgricultural operations become more intensive. However,
animal power will remain the best source for the smeller farmer, 2-5
hectares, who places a premium on independent operations, and for all
farmers not served by a commercial infrastructure.

- 8mall tractors such as are successfully used on the small farms of
Furope and Japan have had wide support as a potential power unit for the
small farms of the developing countries. The cost of such tractors can
be kept to a minlmum by holding horsepower and size below approximately
15 horsepower and thereby eliminating the need for electrical starting
systems and implement 1ifting hydrsulic systems. The large number of
small farms suggests tlat mass production technigues could be utilized
to further minimize costs. Nonetheless, numerous trials of Japanese and
European tractors have not led to manufacturing projects, apparently
because of a variety of functional and englneering problems.

In order to systematically study the farm power needs of small farms,
confirm the apparent functional utility of smell tractors and also syste-
matically study the engineering problems of small tractors and matching
implements, the Allahabad Agricultural Institute, (Allahabad, U.P., India),
established the Tractor Evaluation Project (TEP). The TEP wags a three-
year study of the performance of tractors of 5-15 horsepower on farms in .
the vicinity of Allahabad. The project was supported by a grant from
the Ford Foundation and tractors were studied on 29 farmg,within 25 miles
of the Institute. During this project the functional and engineering
problems were adeguately resolved to permit the -farmers to master operating
skills in less than e month's time and successfully convert their farming
operations from bullock to ‘tractor power while at the same time generally
raising their level of production and incomes. The TEP concluded with
recommendations of four basic tractors and matching implements sultable
for manufacture and sale in India (i). The Project is described briefly,
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on pages 14-19 and the recommended tractor specifications are summarized
in Tables 3 and 4. The most significant finding of the project was the
demonstration of the role of small tractors in enabling the small farmer
to further exploit the potentiasl of the small family farm enterprise,

The major unknown about the small tractors at the outset of the TEP
was, would a small itractor completely replace bullocks ag a source of _
farm power. The project discovered that a S5-horsepower walking tractor could
pull the same implements as a pair of 1000-pound bullocks, the largest
size common in the Allahabad area., However, orne man and a walking tractor
can work more hours in a day and in addition travel at.a moderately faster
pace with the same effort, therefore a S-horsepower tractor can actually
replace two palr of bullocks. Indian farmers would naturally prefer to
ride on the tractor rather than walk, however it takes approximately five
horsepower to carry the man under the usual field conditions of tillage
operations. Therefore a 10-horsepower riding tractor is required to
replace a S-horsepower welking tractor, or two pair of bullocks. By and
large the farmers readily understocd the implications that riding was a
luxury and acknowledged that properly adjusted implements and a walking
tractor were significantly easier to control than bullocks, thus even
the walking tractor was an improvement in working conditions.

The project also demonatrated that farmers had serious difficulty
learning to operate 10-horsepower walking tractors, particularly with
tillage tools. Unless the tools were properily adjusted they were nearly
impossible for the farmer to control, a particularly serious matter for
inexperienced farmers who had many problems recognizing the cause and
correction for improper adjustment. Once the farmer had mastered the
skills of adjusting walking tractor implements (on smalier tractors) it
was possible for them to operate the 10-horsepower tractors, although at
close to their limit of endurance during the hot weather. For these
reagons, the TEP tractor recommendations included two walking tractors,
one of 5-horsepower and one of 10-horsepower: the smaller size as the
initial replacement of a pair of bullocks and the larger for the farmer
interested in increasing his supply of power. The riding tractor of
10-horsepower was included in the recommendations because 1t used the
same implements as the S5-horsepower walking tractor and could be a suitable
replacement for a farmer who reached the point that he could afford the
luxury of riding. Similarly the 15-horsepower riding tractor uses the
same implements as the 10-horsepower walking tractor. These basic speci~
fications offer some opportunity for multiple use of components and some
interchangeability of parte which is expected to minimize the costs of
the system, allow for better matching of farm needs and power supply,
and allow for a minimun cost evolubtion to higher power levels as farmers
felt the need and acquired the capital.
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The potential of small tractors is demonstrated more convineingly

by comparative cost analysis. The selection of the least cost power unit
among the choices of interest in this study must be considered in relation
to specific farm requirements for the typicsl farm sizes and operations

of the area. Using partial budget analysis,Kahlon (6), Zachariah (7),
Sapre (8), Johl (9) and Singh (10) have shown that tTactors, nominally
. of 35-horsepower rating, are less costly than bullocks for the farms on
which tractors are now being used in India., However, these farms ave
well above average size and therefore represent a relatively small portion
of Indian farms. Balis (11} undertook a comprehensive analysis of costs
“of bullocks, 10-horsepower tractors, 25-horsepower tractors and 5C-horse-
power tractors under standardized farming conditiong. .In this analysis
the theoretical minimum cost of power per acre for alternative power units
was: bullocks, $15.67 per acre; 10-horsepower tractors, $12.53 per acre;
25-horsepower tractors, $9.60 per acre; and 50-horsepower tractors, $9,06
- per acre for anmual use of 15, 90, 175 and 375 acres of crop cultivation
respectively. Balis used crop acres as the standard measurement of com-
parison; i.e., ten farm acres at a cropping intensity of 130 percent is
- 13 crop acres per year, This analysis was based upon 150 days per year
available for tillage and crop cultivation, a level significantly higher
than is now commonly practiced. In drawing conclusions from thisz study,
Balis adjusted recommended control area for each power unit to conform
with reasonable boundaries between power options while retaining the
relatively high level of use and thus recommended the following applica-
tions of farm pawer (11, p. 37). :

Farm Sige . ~ ' Power Source

(crop acres per year) L .
‘Less than 10 Hired bullecks or tractors
15 to Lo o 1 to % pair of bullocks Ny
Lo o 90 . ~ . 1 to 2 i0-horsepower tractors
90 to 250 o i 1 to 2 25-horsepower tractors"
More than 250 K o 50-horsepower tractors

More recently a Ford Foundation staff paper prov1ded tha follow1ng
recommendatlonu (12 . 25)

Farm Size o - Power Source
Up to 5 acres -~ .~ 'Bullocks or hired tractors
5 to 12.5 acres - - kb to 12 tractor horsepower
12.5 4o 25 acres - © 12 %o 25 tractor horsepower
- 25 to 50 acres - : a 25 to 40 tractor horsepower
59 acres or more . . . 40 tractor horsepower or more

The relative importance of these alternative power sources for the
sgricultural sector in India is best indicated by the number of farmse and
area cultivated by the respective group of farms best served by the dif-
ferent power units. Table 1 has been constructed after review of the
Balis and Ford Foundation recommendations for power application and using
the farm size distribution data of the National Sample Survey of the
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Government of India (13, p. 48). According to studies of family farm
operations reported by thn U P, Agricultursl University, field 0perat10ns
are accomplished with a minimum of permanent hired labor on the farms in
the 5 to 25 acre range (1h 15) Farms of 5 to 10 acres are generally
controlled adequately and economically by one pair of bullocks. Farms

of 25 to 50 acres, although employing permanent labor are herein presumed
to be essentially family farm operations and adequately served by a tractor
of less than 15 horsepower. Table 1 illustrates that the size range of

10 to 50 acres represents esgsentially half of India's cultivated farm land
and nearly 10 million farms; a very significant segment of the agricultural
sector and one adequate to justify the investment in the tools and equip-
ment optimally matched to the needs of these farmers.

TABLE 1, ALL-INDIA FARM POWER SPECTRUM

] Farmsg

Farm Size Power Source Number Percent Area
lacres) . {thousands) (percent )

0- 5 Hired 31,076 62.3 19.0

5 - 10 Bullocks 9,646 19.3 20.3

10 - 25 Small Tractors 6,843 13.7 30.8

25 = 50 Small Tractors 1,795 3.6 17.9

50+ Large Tractors 51k 1.0 11.8

Thus, the small tractor measured in terms of the small farmer's
needs for an economical power source successfulily passes the test. For
the 10 to 50 acre farms the small tractor is less costly than bullocks.
The 35-horsepower tractors can be less expensive only if used over several
small farms, a pracktice that has not proven to be successful. The next
stage in the analysis is to study more carefully the implications of small
tractor intrcduction in an extensive program of farm mechanization.

ITI, Uttar Pradesh: The Agricultural Context

Uttar Pradesh provides an interesting site for the study of small
farm mechanization. The map, Figure 1, indicates the location of the
state within the Indian Republic., The location of Allahabad, the site
of Allahabad Agricultural Institute and the headquarters for the Tractor
Evaluation Project are also indicated on Figure 1.




Figure 1. Map of Indis
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" Crop farming in U.P. is managed according to a monsoon westher
pattern. The scils are predominantly sandy loam with limited areas
ranging from red to black and with some heavy clay. Topography ranges
from flat to slightly rolling hills and with wasteland found both in
the shallow soil of the hilly tracts and in poorly drained areas of the
flatland. Soil type varies considerably within short distances and farmers
commonly own several types of solls, as well as both upland and lowland,
as a rigk spreading practice. Consequently, all farms tend to conform
to a common pattern of crcp management (16, 17).

‘Unirrigated cropland is farmed with bullock power at approximately
110 percent crop intensity; i.e., 11 acres of harvested crop per year
from 10 acres of land., A typical 10-acre farm with typical limited irri-
gation will cultivate 3.5 acres of wheat, 3.0 acres of sorghum or millet,
2.0 acres of rice, 1.5 zcres of pulses and 2 acres of sugarcane, potato,
peanuts or vegetables. dependlng upon soil and water supply (17, p. 69).
With adequate irrigation the acreage of wheat, sorghum and cash crops
is readily increased to as much as 300 percent for porticns of better
farms with access to tractor power,

The number of modern machines in the state.is relatively small in
relation to the number of farms, however, machines are sufficiently common
that all farmers have some knowledge aboul source of supply, cost, avail-
ability of repairs, etc. The'village-level extension agents have demon-
‘strated and. supplied ilmproved, bullock-drawn tillage implements, crop
sprayers, crop dusters, and seed drills., More than 50 percent of the farms
in the region use one or more improved, bullock implements purchased within
the last five years, generally under government subsidy programs. Nearly
20 percent of the land is irrigated and one-half of this is with diesel
or electric pumps owned by the farmers for their independent and exclusive
use. BSixty percent of the villages have either a diesel or electric mill
for grinding wheat flour, polishing rice and cutting fodder. There is a
population of 10,700 35.horsepower tractors in the state. Power tillers,
imported :from Japan, have been demonstrated in U.P., however, few have
 been purchased. There are perhaps 20,000 power threshers used for wheat.
In addition to the blacksmiths found in about one-third of the villages,
there are small workshops in the market towns and reglonal cities which
 make improved, bullock implements, power threshers, tractor implements,
pumps, diesel engines and other farm tools and equipmect, There are
dealers for six tractor brands, ten pump brands, ten diesel engine brands
and a number of other toolseand machines produced outside of the state.

Railroads. connect the reglonal c1t1es. Highways connect all market
towns and their nearest city. Approximately one-quarter of the villages
 are not connected to the nearest market town or an adjoining village by
an all-weather road., Mall service and telephone service follow the pattern
of road service with the quality of service in aany location typicelly
related to the accessibility of that location by road.
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The market towns are the farmer's usual source of supply for seed,
fertilizer, diesel fuel, farm machinery repairs and other purchased
supplies. The merchents in the market towns are generally agents or
sub-dealers for the manufacturer's franchised agencies located in the
regional c¢ities, and often closely related to the farmer’s traditional
produce marketing agent. As a general rule, farmers would probably, use
more seed, fertilizer and other inputs. if they were available. at the right
time, but unrelisble delivery and uncertain quality inhibit farmers in
following intensive farming plans. At the same bime, merchants are aware
of the erratic delivery of supplies, current low volume of business, com-
paratively high cost of inventory maintenance, uncertain long-term policy
of the government regarding private trade, ete.; all disincentives to
investment in improved trading practices. Farmers also find that credit
and technical services sre no more readily available than are input sup-
plies. Merchants, blackshiths and traders in the villages are not cur-
-rently involved in the handling of the newer inputs and mey on occasion
put up opposition to efforts being made to introduce technology in the
local community in part out of conservatism, but more frequently because
they perceive the new technology as a threat to their own livelihood.

Throughout the region there is an evidence of development that
includes the increased population of bicycles, more transistor redios,
the increased nunber of stores handling agricultural inputs, expansion
of grain markets, new small.scale industrial estates, etc. ©Small-scale.
manufacturers have taken advantage of free plans, the subsidy programs, -
and community development promotion to start the manufacture of improved,
bullock-drawn. implements. There have been many starts, but these bullock
implement manufacturers have not gained any financial strength. This is
in sharp contrast to the situation for the irrigation pump industry where
the official assistance has been limited to partial credit sub31dy. Noneg«
theless, local smallescale units and large- scale competltcrs are sharlng
a growing lrrigation pump market ‘

The Farms

"The farms of U.P. are composed of.a wide. range of operations. The
National Sample Survey of India 1ncludes anything from: 0,01 hectare or '
larger as a farm operation," Famllles with land holdings of less than
five acres generally supplement farm ‘earnings by off-farm’ employmeﬂt elther
in industry or on neighboring farms. The average U.P. family consists of .
2.71 workers. (13, p. 50), 160 working days per worker are considered full-
time employmen®, and current farm practices involve 86 labor days per acre
© per year (15, Appendlces) therefore full employment of the average family
would require 8.2 acres. By and large, there is considerable exchange of
labor among farmers, because of the labor intensive methods used and because
of the advantage in intensive inputs at the time when conditions ‘are right.
Even the one and two acre farmers hire- in labor during the course of certain
critical operatlons, but then proceed to hire-out themselves or scme of the
family members when. their own field work is. completed. Seasonal and local
factors alter practices considerably.
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Farming in U.P. is classified as animal-powered, however, mechanicagl
sources of power are also utilized. The common draft animals have an
average work -capability of seven acres of normal cultivation per pair or
tean under unirrigated or moderately irrigated farming (ll) In the
opinion of the farmers of U.P,, the work load on the farms of less than’
five acres does not justify the individual Ownershlp of a pair of draft
animals, therefore acquiring bullock power by hiring either through pay-
ment of cagh or in exchange for their. own labor. Family farm operations
can be divided into four groups: :

1) farms of 5-10 acres using one palr of bullocks aﬁd normally
farmed without permeznent hired labor;
2) farms of 10-25 acres using 2, 3 or 4 pair of bullocks who
utilize permanent hired labor as Well as family labor for field
works;
3) farmers who own 25-50 acres, several pair of bullocks, perhaps
a tractor and who generelly hire labor for field work but super-
vise field work closely; and

owners of more than 50 acres who may own a tractor in addition
to one or more pair of bullocks. and frequently emrtrust 211 farm
operations to a hired manager,

As farmers shift to intensive irrigation and multiple cropping they either
increase the number of bullocks, increase the size of draft animals used,
or turn to tractor power as s supplement to builock power 1n completing
the additional work load.

The farm gize distribution pattern for U.P. is essentially the same
as the all-~India pattern. The estimated number of farms and pe rcentages
of total farms and total area in the power~size groups are shown in Table
2. The importance of the 10-50 acre farms is demonstrated by the fact
that they control 50 percent of the cultiveted land in the state. Any
program with this group alone would be a magor operation involving 1.5
million farmers and 21,7 million acres,

TABLE 2., U.P, FARM PCWER SPECTRUM

Farms o
Farm Size Power Source Number Percent Area
(acres) "~ (thousands) (percent }
0~ 5 Hired B - 5,179 &2 19
5 - 10 Bullocks 1,607 19 20
10 - 25 Small Tractors 1,140 1 31
25 - 50 Small Tractors ‘ 299 -k 18

50+ 35-horsepower Tractors - 86 1 12
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In summary, U.P, farms are relatively uniform in their character-
istics, Farming operations are diversified food grain cultivation.
FParmers are just adapting the use of purchased inputs, although limited
somewhet by irregular supplies. TFarm power is a production constralnt
and innovabions ave sulfficiently common that most farmers have some
knowledge of machinery and its characteristics. From the point of view
of introducing small tractors-in U,P., such factors as the uniformity
of farms, the demonstrated potenmtial to ubilize high yield technology,
the existence of machinery manufacturing and servicing facilities, and
the relatively large potentlal market are assets, While problems should
be anticipated, the overall situetion is potentially favorsble to mech-
anization of the 10-5C acre farms using tractors  of less than 15 horse-
POWEY , ' ' L

The Farmer

As an independent farm manager, the farmer is a key declsion maker
in the transition to iractor power from bullock power. Very little data
ig available on faym decision making for the Indian farmer. Several .
recent studies on farm mansgement of fertilizer (18), seeds (19), irri-
gation practices (20), and general agricultural moderanization (9}, reporb
that the farmer makes ecomomically rational desisions and has a generally
progressive attitude intending to raise his farm production and personal
income. At the same time the farmer is seriously constrained by limited
local availebility of input supplies and often hampered by insufficient
credit. The typical progressive farmer has a third-grade education, main-
tains some records of farm production and generally is familiar with modern
inputs availebility and input cost from more than one source of supply Qgg).

The farms of 10-50C acres, which are of primary interest as potential
smell tractor farms, presently employ one or more permanent laborers.
These laborers are normally responsible for the driving of the bullocks
and ‘their care and feeding, Partlcularly on the smaller farms, the farmer -
is also a bullock driver and therefore is required to work in his field
at the very time when the supplies of seed, Tertilizer, ebtc., can be most
readily found in the shops. The farmer does not visualize the input supnly
system improving and therefore considers the use of a tractor by his hived
hand as = necessity to ensble him as farm owner-manager to acguire addi-
tional input quantities along with the improvement of the pecesgary field
operations. It has commonly been observed that the Tarmer’s intention is
to rebain the services of his permanent labor and srrange for his training
as & tractor opsrator. The farmer would then use his time as a manager
in arranging for more fertilizer, better seed and other inputs for inten-
sification of his farm operations. This intention reflects the farmer's
traditional value system where status is acquired by limiting oneself to
management functions, ag well as also reflects the farmer’s expectation
that he can make nore effective use of his land and the additional power by
also increasing input use to ralse farm productivity and thereby support
himself snd his labor. OCwners of larger tractors have consistently raised
labor employment after conversion to tractor power (g, ;9).
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A serious concern regarding farm mechanization is the relatively
low level of formal education and sericusly limited mechanical skills
of the rural people., The owners of 10 to 50 acres will generslly have
somewhat above average school attendance, perhaps 3-5 grade, but this
level would not be adeguate for them to acquire tractor and equipment
service gkills simply by reading conventional operator®s instruction
- manuals. Owners of 35-horsepower tractors have acquired operating skills
by hlrlng a trained operator for a period of a year or two and this prac-
tice could be followed by the farmers in the 25-50-acre range. Menufac-
turers have also conducted service and operators training sessions for

- hew owners and this technique has considerable potential for more effec-

tive application. Some mechanical talent exists ia rural villages and
suecessfully maintains irrigation pumps, wheat grinding mills, and other
simple machines, however, maintenance is not consistently at a high level
and is not adequate for small tractors. A number of these service points
are operated by mechahics trained in the qchools provided by the 35-.horse-
power tractor manufacturerss or mechanics returned to their home village
.after work in urban: industry or- -in the army, which demonstrates a poten-
tial to develop mechanical skills in rural villages., The situation does
not appear to be a lack of aptitude, but simply 2 result of the present
low level of 1nvestment in educatlon and technical training. —

In swnmary ., the current Tarmer attitudes and values are compatible
with a conversion from bullock power to tractor power.  The Ffarmer's
shrewd insight is particularly evident in his perception that the shift
. to tractor power must be concurrent with a shift in farm management to
- more intensive multiple cropping and greater use of the high yielding
technology. Further, the farmer's recognition that the higher levels of
farm production will place greater demands upon his time is also evidence

of sound judgment and & rational attitude regarding mechanization. Of
course, the enthusiasm of most 10-5C acre farmers for undertaking the beold
step of mechanizabion is tempered, almost to the point that interest is
only a faint glimmer, by his own recognition of the transitory problems
such as learning tractor operating skille, arranging credit for this kind
of purchase, arranging for service and repairs, arranglng more farm 1nputs,
cand successfully marketlng more outputs,

For the totalragrlcultural context of U.,P., the situation can be~
“considered one where mechanization of the small family farms is possidle.
.although there are a number of factors that will inhibit the transition.
Farmers have begun a transition to high yielding techrology and univer-
sally intend to raise the productivity of their enterprises. From an
agronomic point of view, adequate potential exists in the soils and climate
of U.P. Infrastructure is developing, although lagging the demands placed
upon it by the agrieultural sector. In this context, the establishment of
a small tractor mechanization program must provide for nearly all of the
infrastructure needs as well as the manufecturing plant and equipment.

The fact that farmers express the intention of raising farm productivity
. in the course of the transition suggests that there will be urban and social
].beneflts also from the farm mechanlzatlon _program. In order to determine
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theiquantitaiive dimensionb‘dfthe mechanizéﬁibn process the tractor per-
formance and farm operating data of the Tractor Evaluation Project is
used as the basis for the following analysis.

IV, The Tractor Evaluation Project

The Tractor Evaluation Project (TEP) was underteken to measure per-
fTormance characteristics, identify critical design parameters, and study
farmer reactions in the application of small tractors in Indian agricul-
ture, This project was a component of the Agricultural Engineering
research program at Allahabad Agricultural Institute. The TEP was under-
taken with a grant from the Ford Foundation. The project staff consisted
of six Indian Agricultural Engineers and three Peace Corp Volunteers with
the author as senior engineer in the project, Field work extended through
the 1964-65 to the 1966-67 crop seasons. Tractors were placed on 29 coop-
erating farms and performance data was also collected from the Institute
farm and engineering vesearch program. .An cbjective in the study was to
rapidly provide quantitative data on tractor performance and identify
ceritical engineering problems. Excess staff capability was provided to
engure maximum field operation and the staff time not requirved in farmer
assistance or performance measurement was spent in engineering analysis
of equipment adaptation., It was initially visualized that the TEP would
be extended at the end of the first three-year phase and revised as appro-
priate to concentrate attention as suggested by the initial field opera-
tions. However, because of a combination of extenuatlng circumstances,
the project was terminated in early 1967. Nonetheless, the TEP data pro-
vides considerable evidence to support the introduction of small tractors
on the small farms typical of the Allahabad region.

The .TEP provides performance dats for tractors of less than 15 horse-
power on 10 to 50 acre farms of eastern U.P. In the TEPR walking and riding
tractors with complete sets of implements were purchased in Japan, Germany,
Switzerland, U.S. and India, Prior to placement of the tractors, the
farmers were trained in the proper use of the tractors and implements,
Throughout the project the farmers were given technical support in making
maximum use of their assigned equipment. During the course of the study
the use of the machines was systemstically recorded and studied. The final
report of the project recommended design features of small tractors for
1ntroduct10n in Indian agriculture. =

The.TEP'was organized as an on-the-farm study of small tractor per-
 Tormance. Measurements of performance were carefully undertaken, but not’
under sufficiently controlled conditions as to be a reproducible engineering
test of tractor performernce. To a considerable extent the project was
organized similar to the preproduction field trial progrewm commonly followed
in the design and developiment of a new tractor line. In planning the TEP
it was assumed that the 1mported tractors and 1mplements, with minor adap-
tation, could neet the farmers functional requirements and provide an indi-
cation of the performence, costs, design parameters, and infrastructure
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'iequirements for farm mechanization., This data was congidered as a pre-
liminary study to further investment in research and development of an
indigenous small tractor.

The use of imported equipment minimized the costs and time of
‘designing and building the equipment. The tractors and implements were
selected in terms of expected utility for the common agricultural opera-

. tions of the project area. The project staff undertook limited equipment

. modification to improve suitability and performence, although this was a
secondary aspect of the project, The rapid acceptance of tractor power

erid the extensive use of the equipment attests to the functional sultability
of the equipment. :

The farmers were selected from among the progressive farmers recom-
mended by the Block Development Officers. These men were cultivating
high yielding varieties and a portion of their farm was irrigated land.
During the first interview the objectives of the project were explained
and information was collected about the farmer, but he was not asked at
that time to accept or reject the use of the tractor. After consideration
of a number of the nominees of the BDO,a few farmers were interviewed a
second time, and sometimes a third time, before they were accepted as
representative farmers and given an opportunity to cocoperate in the pro-
Ject. Their cooperation reguired a willingness to learn tractor driving
and to keep the records of tractor use required in the TEP. They further
agreed to purchase all fuel and lubricants reguired and follow the roubine
tractor service procedures recommended by the tractor manufacturers. The
farmers were not charged rental for the use of the tractors under the
expectation that they would meintain their bullocks during the term of
the project. The farms accepted the fact that a longer term arrangement
was not possible until the utility of the tractors was proven by the pro-
Jject, but that once the results were known there was a possibility of
Indian menufacture of equipment similar to the "best" units as identified
in the course of the field work. ‘

The project staff was equipped to support the tractors in simulation
- of the service infrastructure that would be available under a well estab-
lished tractor industry. The farms were visited frequently, as there
existed no other means of the farmer reporting difficulties. During the
course of such visits the engineers recorded the field operating rate for
the operaticns under wey and made cther observaticns of performance. If
vepairs could not be made in the field, the equipment was hauled to the
‘headquarters, repaired and returned o the farmer within two days.

The cooperating farmer experimented considerably with tillage opera-
tiong before reaching sn optimum which provided both minimum cost and an
apparently "high quality" job. Among the project equipment a wide variety
of choice was open to them; including several kinds of plows, several kinds
of rotary tiliers, disk harrows, field culiivators, drags, rollers, etc.
Becausge bullocks are relatively slow, the Tarmers had traditionally sbarted
tillage well in advance of planting, and they initiated tractor tillage
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about the same ‘dates at the beginning of the project. However as they
also completed their first tillage operations quickly they often under-
took second, third or more tillage operations to do a "better' job. Here
again they initially followed precedent which encouraged as many tillage
operations as were pessible between the start of the tillage season and
the time of planting. However, when they used tractor tillage they improved
the "tilth" of the soil relatively little by the subsequent operations and:
in addition to the extra cost actually caused unnecessary moisture loss.
While the project staff made every effort to advise the farmer, there was

- no attempt mede to restrict these experiments. DBy and large, no farmer
conducted such experiments to the extent of incurring servious loss. This
process of experimentation verified the initlal recommendations of the
project staff regarding tillage; for the least possible travel across the
field and generally required only two trips--a deep primary operation

and a secondary finlshing operation according to crop and season.

Upon mastery of the technicue of good tillage the. farmers were called
upon by their neighbors for hiring out. Hiring was routinely discouraged
by the project staff in the interest of ensuring that the farmer used the
tractors to complete all operations on their own farms. Actually most
farmers were able to esasily complete theivr own work in a timely nanner
and also realize a sizable income from hiring. This total use, on-farm
plus hired-out, further substantiated the estimation of potential tractor -
control area at the levels of 1.5 to 5 acres per horsepower.

In addition to tillage, hauling or cawtage was the most common hiring
operation for some cooperstors, and others found that irrigation pumping
‘was more in demsnd. This demand depended upon both the local needs and
the preference of the coocperator in undertaking the work. If they liked
to travel they could find pienty of haulage and at a price that was ade-
quate to cover the costs, and also competitive with either bullocks or
trucks. The demend for tractor irrigation.was high where there_was no
electricity and wells were shallow or ponds were numerous. The mobility
of the tractor pump made it a very popular combination in some cases.
Although the cooperating farmers had heavy demand for hiring, most of their
customers proved to be adequately large farmers to be potential tractor
owners, Consequently, hiring does not appear to be a partlcularly promi-
nent aspect of small tractor use in the longer term analysis,

The project operatlons mede a number of compensatlons for the limited
infrastructure and tractor service facilities. These were adequate at
least to the extent that tractor use reached the levels of 500 hours per
year, but all tractors lost potential work hours because of .inadequate
supporting services, A significant amount of the farmer's time was spent
in travel to obtain fuel, however, this is not considered a serious matter
because either wider dispersal of fuel pumps or even village fuel storage
can be set up at relatively low cost. Because the tractor failures held
valuable engineering information, the farmers were not permltted to make
or arrange locel repairs. In fact at the beginning of the project it was
assumed that they would not be able either to meke repamrs_themseTves or
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find any locel repalr facility. Diring the course of the project the
farmer demonstrated considerable mechanical competence and alsc a mechanic
of some training, often a retiree from the army, was found within walking
distance of every tractor. These men did not have proper tools and gener-
ally did not understand the details of the particular make and model, but
they had a sufficient understanding of the basics to diagnose gccurately
more than 50 percent of the mechanical troubles. It would seem that with
a minimum of training, and scme tools, good servicé could be provided even
to remote areas, However, an additional component of a service program is
ready access to the needed repair parts, and the limited transportation
and communications facilities connecting most villages will make this a
serious problem. Certainly it would be impracticasl to stock every village
with a complete range of repair parts. It is presumed however that sup-
porting infrastructure can be set up at a reasonable cost to permlt tractor
use at levels higher than reallzed in the TEP.

The projécﬁ_staff trained the farm owner-operator as the tractor
operator, but in every case the farmer was encouraged to train others if
he chose to do so. In all cases one or more operators were trained by
the Ffarmer, although often only in the technique of driving. In several
cases the owner-operator trained and relied heavily upon a long-time hired
servant for all tractor operations and devoted increasing attention to
more inputs and betiter management. HREven in those cases where the farm
owner chose to operate the tractor extensively, he realized more free time
during traditional cultivating seasons and wtilized this time to intensify
his operations, particularly by getting more fertilizer. The farmers
demonstrated a very pragmatic attitude in the use of their time and their
opportunities as farm managers. In two cases farmers also used their
tractors to by-pass traditional middlemern; marketed their produce directly
in the city by hauling it themselves, and further increasing farm profits.
There was no discernible desire by the farmers to acquire the tractor so
that they could reduce either permanent or hired labor, in fact, they
demonstrated considerable loyalty toward labor and actually increased
their use of hired labor.

In the TEP farmers acquired acceptsble operating skills from a three-
day intensive program followed by daily visits by the trainer during the
firet week of on-the-farm use and with continued visits at one week to one
month intervals for the next three months to one year. This kind of
training program would® cost an estimated $250 per farmer for the first
© tractors in a region. As the tractor population increases the technigues
of tractor operation can be learned from neighboring fermers, and follow-up
training could be combined with neighborhocd service cealls., The actual
cost of training operatorsg in a mechanization program will depend greatly
on both the density and rate of mechanization along Wlth the complexity
of the equipment.
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The measurement of farm performance was a secondary objective of
TEP and therefore less. detailed than those of tractor performance. Farmers
~ consistently increase multiple cropning atreage either by taking advantage
of more rapid tillage to plant the additional land or by using the tractor
for the needed extra irrigation. Crop yields prior to tractor use were
not measured, except insofar as the Tarmers kept their own records. ALl
farmers claimed higher vields under trdactor cultivation, and their neigh-
bers concurred. However, the greater yield may have been the result in
part of better seed, more fertilizer, or better menagement that was commonly
combined with tractor use. The farmers made adjustments in farm mansgement
with each planting season, and each farmer followed essentially a unigue
management approach. Consequently, although the farmers had a strong
opinion that tractor use enabled higher yields, the cbvious result was
the steady increase in multlple cropping. For the project farmers, the
cropping intensity was raised from 110-130 percent range with bullock
power to 150 percent within a period as short as one year and for all
farmers within three years. The farmers had dsveloped plans to raise
intensity to 200 percent or more by the fifth year of tractor use and a
number of farmers had rational plans to raise intensity above the 200
percent level,

The results of the project were Judged favorably on several accounts.
The farmers, after two to six months, sold their bullocks and relied
entirely on the tractors., The total hours of use, even for the firsi
year, reached more than 500 hours, which 1s generally considered a good
level of use by U.8., Japanese and Eurcpean agricultural engineers. In
nearly all cases the farmers indicated their willingness to purchase the
tractors and implements at the end of the project, however, the Institute
¢hose not to sell the equipment as there was no long-term arrangement for
import of repalr and service parts. BSeveral Indian manufacturers have
ubilized the project reports in pursuing research and development programs
for indigenous manufacture of .small tractors.. The limited research of the
TEP 1ndlcated that tractor use could be aoubled in a three to five year
perlod. :

. The final report of the TEP summarized the performarice expectations
_for smell tractors as shown in Table 3., The project recommended basic
"design parameters for small tractors as shown in Table L, - Also, complete
evaeluation reports were prepared for each of the tractors included in the
TEP. These reports include a summery of the operating performaﬂce on
each farm, comments on implement design and adaptation, summary and analysis
of fallures, and comments on the suitability of the tractor and its 1mple-
ments as a prototype for Indian manufacture.

The TEP reported that approx1mately 3.5 to 5 acres can be controlled

per tractor horsepower at the 110 percent crop intensity. During the

. courge of the project the cooperating farmers quickly took advantage of

" the possession of the tractor and increased the crop intensity to 200 per-
cent and correspondingly reduced the command area of the tractors to two
~ to four acres per tractor horsepower., For comparison,farmers owning 35-

- horsepower tractors may own as little as one acre per horsepower, although
the more common ratio is two to three acres per horsepower.



TA&BLE 3. SMALL-TRACTOR PERFORMANCE SUMMARY TABLE®

-10%

Years of tractor use

Land ares controlled (A/Hp)
Cropping intensity (percent)

Irrigation pumping (hours)

Tillage (hours).
Cartingéf (hours)
Seeding (hours)rb
Threshing (hours)
Spraying (hours)
Miscellaneous (hours)

Hired out {hours)

TOTAL ECURS

b
150

200

_100

500

LAy

200
250
175
50
50
25
25
.
100

700

-5

5 - 10

225
300
225
50
150
100
50
25

500

* Jobn S, Balis, Progress Report No, 14--Summary of the Project.
The Tractor Evaluation Project, Allahabad Agricultural Institute, March

1667,

g/ Does not include travel to market or near villages for family;

social or similar purpocses.
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TABLE 4. RECOMMENDED TRACTOR SPECIFICATIONS*

I II ITT IV

ﬁﬂdmrsmﬁe ‘ Walking Walking Rhﬁﬁg ﬁﬁﬂg
Engine Horsepower | 5 10 S 0 B 15
Weight (Ibs.) 325 650 | 1,000 jqwd
Drive Wheel Size L x 10 650 X 16 6 X 16 8 X ok
Wheel Tread Min, (in.) I ol 32 | :37 |
Wheel Tread Max. (in.) ol 36 36 48
Clearance (in.) 6 3 10 16
Wheelbase (in.) - - | b3 60
Front Wheel Size (in.) - - L X 10 L X 10
Turning Radius (in.) - - 66 ah

* Bource: Progress Report No, 5-~Recommendations of Specifications
- for Tractors of Less Than 15 Horsepower Which ave to be Used in India,
Tractor Bvaluation Project, Allahavad Agricultural Institute, October 1966.
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In summary, the TEP demonstrated the utility of tractors of less
than 15 horsepower on the 10-50 acre farms of U.P. This project estab-
lished certain tractor performance parameters. However, the aggregate
effects of extensive use were not measured, The following sections com-
bine the performance data of the TEP for small tractors with the available
information on high yielding agricultural technology and with the current
performance data for Indian industry to construct an analysis of the impact
of farm mechanization on the sconomy of U.P.

V. Application to Uttar Pradesh

The introduction of 5-15 horsepower tractors in U,P. would require
-the establishment of manufacturing, distribution and servieing facilities,
"in eddition to expansion of the infrastructure servicing agriculture in
input supply and commodity marketing, Considerable speculation is involved
in projecting the employment, investment, credit, and other impacts of a
mechanization program because the basic industrial and commercial data
resources are very limited. The following analysis must be interpreted
with due regard for the limitations of the avallable basic data, nonethe-
less the indications of positive benefit from mechanization establishes
a case for further investigation and preliminary investments in this sector
of development.

The total number of farms in the 10-50 acre range for the state of
U.P. is l,h39,000. In the absence of a market survey or other dats on
farmer attitudes and opinions the following calculations assume that 50
percent will be mechanized in ten years. This rate of adoption, five
percent per year, is considerably slower than the acceptance of the high
yielding wheat varleties, yet may be an optimistic projection of what is
possible. The use of a ten-year target, is intended to egual the life
span of the tractors, thus the production capacity established for building
up the tractor population would be maintained for production of the replace-
ments needed to maintain the population. Here also bold assumptions about
tractor life, rate of adoption and precduction startup zre required, however,
the expected deviation of a slower startup sequence will allow adequate
time for revision of the program, The assumptions are intended to indicate
~the impacts of a major program and have been intentionally chosen to display
the likely high level of impact. These assumptions then regult in e target
tractor population of 720,000 tractors and an annual productlon capacity
of 75 000 tractors per year. :

. - This mechanlzatlon program could be supplied by as many as 15 small
or medivm scale tractor production plantes plus related implement produc-
tion ard equipment sexvicing stations. According to the 1974 Red Bock of
" the U.S, farm equipment industry there were 131 nodels of smell tractors
offered on the market (22, pp. A-67--A-75). The total sales of small
tractors reported by Implement and Tractor were 540,136 (23, p. 20). Thus,
the U,S. industry is orgeanized with an average productlon of 4,122 tractors
per model per year. Using 5,000 tractors per year as a design level in
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order to achieve further economy of scale and reduced production costs

would allow for 15 preduction units., The production units could be widely
dispersed througliout the tractor use areas and production designs of indi-

vidual units could be modified to incorporate features meeting local require-
ments, As yet the author has not explored the guestion of product mix among

" the four basic models, but it might be that there would be seven units pro-
ducing S-horsepower tractors, five units producing 10-horsepower tractors

" and three units producing 15-horsepower tractors. The following calcula-

tions are simplified, however, by assuming that all tractors are of 10 horse-

power.

Selling prices of small tractors on the world market vary widely
according to the basic design and the various items or features of equipment
included in the tractor price. Current U.S. farm tractor prices average
$85 per horsepowerj this includes complete electrical systems and implement-
1ift hydraulic systems (23, p. 30). The prices for U.5. estate tractor
may be as high as $150 per horsepewer, but this includes automatic trans-
mission and lusury fittings. A smell tractor of less than 15-horsepower
designed for agricultural use in a developing country could be produced
without either electrical starting system or implement-1ift system thereby
reducing tractor costs to less than $100 per horsepower., Indian selling
prices for complete irrigation pump systems run $90 per horsepower and the few
small tractors are about $130 per horsepower with tillage tools. The fol-
lowing analysis assumes a selling price of $1500 for a lO-horsepower tractor
- and the basic minimum implements,

The Farmer's Costs and Benefits

. The cooperating farmers in the TEP raised farming intensity from 110-
130 percent to 150 percent within their first year of tractor use and were
rather consistent in projecting a cropping intensity of more than 200 percent
by their fifth year of tractor use. This expectation of guickly raising
farming intensity has been observed in other studies of farm mechanization
(§, 9, ;9). Some farmers can readily describe how they would. proceed to
increase cropping intensity to more than 200 percent, assuming the avail-
sbility of inputs and markets. Considerable research has been conducted
to support multiple cropping to the levels of 400 percent (20). In the
calculations of Appendix 1 it is assumed that the tractor owning farmers
increase cropping intensity from 120 to 175 percent by increasing their
rice acreage 100 percent, wheat acreage 50 percent, and cash crop acreage
75 percent, The increase in production due to the greater acreage, more
inputs and better management may produce as much as a 400 percent increase
in rice marketings, 300 percent increase in wheat marketings and a 75 percent
increase in marketings of cash crops. The effects on the farmers production
would be a 25-30 percent increase, or an average annual increase of more
than five percent--spproximately the current target in Indian plans.
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The U.P. Agricultural University studies current farm management
among small farmers and debermined average net income. of $45 per crop
acre for the upper levels of viability among small farmers (15, p. B-9),

"Thus, a 25-acre farmer who raises cropping intensity from 120 to 150 per-
cent, the increase observed in one year in the TEP, will add 7.5 crop
acres to production and $337 to net income. Gains in yield contributed
by the tractor use or gain in profitability for the additional acres may

- further -improve the net income for individual farymers. The additional

net income per year would be ralsed further. in subsequent years as cropping
intensity is increased to 200 percent where additional net income of $1012
- per year may be realized., At this level the entire purchase price of the
tractor would be returned in one year's farming operations.

An alternate analysis using comparative power costs indicates 10-
horsepower tractor power at a saving of $3.20 per crop acre per year less
"~ thar bullock power coshs (il) The savings for a 25-acre farmer at 150
percent cropping intensity would be $120 per year; a borderline but perheps
adequate level for retiring a tractor loan. A third anslytical technique
would be to calculate the net income on additional farm marketings. In
“Appendix 1 the data of the U.P, study (15, p. B-b4, B.5, B-6, B-19, and B-20)
have been used to estimate the additional net income at $12h0 for the 150
percent farming intensity.

A further benefit of a more speculative nature is the possibility for
crop ard farm enterprise diversification., The sustained growth in cereal
grain production for an extensive area such as U.P, would ultimately result
in more favorable prices for livestock enterprises. A sustained improve-
ment in urban incomes and continuing rise in expectations will increage the
demand for livestock preducts as the demend for cereal foed grains is satis.
fied. Whether the 10.50 acre farmer establishes a livestock enterprise or
other farmers do, the expanded cereal market will benefit the 10-50 acre
farmer. :

The U.P. farm management study indicates that the 10-50 acre farmer
has a farm investment of $30-50 per acre and these farmers are utilizing
. credit at’ $10-30 per acre (1k, 5 165 and 169). Thus a 25-acre farmer
has an investment of as much as $1250 in his farm and has the credit rating
under present rules to make an investment of $750. As a matter of perspec-
tive, farmers are commonly investing $100-150 per acre in irrigation pumps
and water control systems in comparison with the possible tractor invest-
ment estimated in the range of $20-50 per acre. Thus, it seems reasonable
to expect the Ffinancial institutions to adjust terms and conditions that
- would permlt borrowzng for small tractor purchase.

The TEP demonstrated the farmers ability to master operating and ser-
vicing skills, arrange housing for equipment, arrange transportatlon between
the villdge farmstead and the various fields, and generally manage the
reasonable application of tractor power. - None of the prdblems encountered
in these aspects were insurmountable, although there are many physical
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features that could be modified to realize improved performance of tractors.,
For quick mastery and effective application of tractors, farmers will
require a training program to learn operating and service skills, which

for the first farmers in a community may cost $250 per tractor but propor-
tionately less as farmers are able to acquire such skills easily from
neighbors in their home village. In the case of 35-horsepower tractors,
new owners have rather limited opportunities to learn operating and service
skills, yet this has not been a hindrance to sales, The 35-horasepower
tractors have been purchased by the larger farmers who have the resources
with which %o hire experienced operators or who have the free time to travel
and obtain training from one of the few schools. . The 10-50 acre farmer
cannot as easily use either of these methods. As training will be a major
expense, and not included in normal practice for tractor price calculations,
manufacturers and the government should give consideration to the manner in
which such training will be conducted and financed., Good training programs
“will improve the benefits that can be realized. from tractor application to
the: 10-50 acre farms. - '

‘From the farmer's point of view the question of risk or loss is not
a serious concern in respect to tractor ownership. The primary reason 1s
+that the farmer perceives tractor ownership as an opportunity to raise
farming intensity from its present comstraint. In additlion tractor owner-
ship in itself represents a gain in status which forestsalls any need for
immediate large financial gain., With these attitudes regarding risk, and
with high returns from increased cropping intensity as potential gain, the
tractor investment has a high regard as a sound investment.

In summary, the available data indicate thet farm net income for a
25.acre farmer purchasing a small tractor and guccessfully raising cropping
intensity to 150 percent would increase from $300 to $1200 per year. This
confirms the rational judgment of the farmer and does not include either
effects of yield improvement or increase in per acre rates of return from
tractor use, both of which are expected to further improve net income.
Proportionate rates of return are expected for all farms in the 10-5C acre
range by matching tractor size to farm size in the ratio of 2.5 to 4 acres
per horsepower, Such investments in power and equipment can be accommodated
with mincr modification of present medium-term lending.

Manufacturing and Servicing

It appears thet a small tractor and implement manufacturing industry
for U.P. could be orgenized along the same general pattern as that found
in both the U.8. and Japan for manufacturing of small tractors; that is,
as a joint enterprise of smell-scale and large-scale units.: A minor portion
of the total investment would be in the large-scale sector for the production
of gtandardized components such as engines, trangmission and slloy-steel scil.
working tools where mass production techniques and economy of scale would
provide significant benefits, Production of many tractor components and
frames, implements frames and final assembly can ve decentralized, labor
intensive, small-scale operations which would have the advantage of indus-
trial dispersal and a high level of accommodation to local circumstances
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and opportunities. The relatively high level of decentralized manufacture
has further sdvantages: such as reduction of the length of parts and ser-
vice "pipelines," interesting investment for rural investors, a reduction
in urban migration pressures, etc. The one serious dlsadvantage to this
type of industrial structure is the complexity of coordinated establishment
and start-up to reduce costs and time in reaching a satisfactory economic
volume,

An analysis of the costs of small tractor manufacturing and servicing
in U.P. requires a number of assumptions., The North American farm equip-
ment industry currently places the manufacturing cost at 51-57 percent of
suggested retail price; wholegale and distribution costs are 15-20 percent
of suggested retail price; and the deslers margin are recommended at 25
percent of the suggested retail price (dealers are commonly selling at 15
percent under suggested retail price and thus realizing only 10 percent
of suggested retail price) (21, p. 31). In this case the recommended price
breakdown will be utilized 4o provide the dealers with a larger margin for
handling the service needs under the comparatively less well developed
infrastructure of rural U.P. The breakdown of manufacturing between large-
scale and small-scalerindustry is arbitrarily established at 45 percent of
the cost of manufactured tractors and implements. These calculations are
also based on an average tractor of lO-horsepower and value of tractor plus:
implements of $1500 per tractor. The manufacturing plant and servicing
~industry is to be designed to produce 75,000 tractors per year, plus five
percent for replacement parts and repairs. Thus the total velue of annual
sales would be $120 million, OFf this business $66 million would be manu-
facturing of which $26.4 million would be supplied by large-scale units
and $39.6 million would be the contribution of the small-scale manufacturing
sector,

The performance data of U,P. industry may be wtilized to construct an
estimate of the industrial investment (16, pp. 275 and 280). These calcu-
lations are summarized: .

Large~Scale§/ Small-ScaléE/ Total

Ex;Fegctory SalesS/ $26.h $39.6 - $66.0
Tnvestment $ 8.7 $17.5 . $26.2
- Employment ©L,850 - 31,800 36,650

a/ Engines, etc.; see Appendix 2. b/ Assembly; see Appendix 3. g/.Millions.

The current performance data for the dursble consumer goods service
industry involves sn markedly different level of performance than is expected
for the small tractor industry. The present data show value added of $0.8
million for annual sales of $3.3 million or a value added ratioc of 2h‘perceﬂt
of total sales. The expected ratio for the North Americard farm equipment
industry is 45 percent, reflecting in part a higher component of services
involved in each sale, Therefore,current Indian industrial parameters are
doubled for purpose of estimating the industrial parameters for the tractor
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and implement distribution sector. This provides the following deserip~-
tion -of the sector: '

Tractor Servicihgg/

Annual Sales . $120 million
Value Added R $ 60 million
Investment $19.2 nillion
Eﬁployment I . 288,000

a/ "See Appendix ki,

The total 1rvestment in manufacturlng and servicing the tractors and-
“implements would be $45.% million and the total industrial employment: -~
would be 324,650 direct salary and wages employees. The slze of this’
tractor industry is particulairly noteworthy in relation td the total pro-:.
jected 1975 employment in the U.P. small-scale sector of 165,000, The
tractor industry alone would have the potential to more than double that
~level of employment. Further, the fact that this dndustry can be estab-
lished largely in small-scale units has a high potential for attracting
agrlcultural savings for = 81gn1flcant, if not major, portion of the invest-
ment required. Also, this industry has a high potential for satisfactory
performance under wide dispersal in small units, a further advantage in
mobilizing rural resources. Assuming that three-fourths of the dlstri-
‘bution investment and half of the small gcale manufacturing investment
can be mobilized outside of 1nst1tut10nal finance, the net planned invest-
ment would total only $22.5 million.

The irdustrial investment returns in this method of calculetion are
equivalent to any other investment in the mamifacturing industry. Inasmuch
as Indian industrial investment is mobilized by official decision and
issuance of licenses, a competitive rate of return is not the prime con-
sideration in lnvestment decisions. Potential large-scale investors are
expected to be attracted to engine and component manufacturzng primarily
because of the comparative simplicity of marketing their production in
volume and long-term contractural sales to small-scale tractor manufac-
turers. At the same time the investment in tractor manufacturing and
implement manufacturing is expected o be an attractive and productive
investment for rural entrepreneurs interested in diversification of their
enterprises yet retaining their investments within their Local ccommunity.
Thus, the benefit is not percelved in the high rate of return, vut pri-
marily in the possibility of establishing a high capacity and sound industry
" with & minimum of 1nstitutlonal and large scale 1nVestment

General Beneflts

: From the goverament point of view the basic questlon is, does farm

" mechanization of the 10-50 acre farms contribute to the desired sociel,

political .and economic goals of the country, and to what extentw These
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kinds of benefits are difficult to quantify. To a certain extent affir-
mative answers have already been given in the course of the discussion
above. However, additional and more direct benefits also accrue to the
government sector. The tractor manufacturing and service industry
incressed the tax base of the country and to the amount that this industry
is built out of agricultural and rural savings, s taxable asset is created
‘out of otherwise untaxed resources. An estimated 50 percent of the invest-
‘ment in the small-scale manufacturing and servicing is expected to be made
by such sources, thereby adding $2U4 million of otherwise untaxed assets.

Introduction of tractors also offers the government a device for
chamelling rural savings into productive farm investments rather than
consumptive expenditures. For example, the investment in a tractor com-
pared with an elaborate marrisge ceremony, and these two expenditures
are of the same magnitude, expands the productive capacity of the farm as
well as channels the expenditure into taxabie transactions. Fortunately,
the former can achieve social status from tractor ownership to essentially
the same degree as through "putting on" an elsborate marriage. Admittedly
marriage ceremonies and expenses will not be replaced altogether because
of tractor ownership, but that portion of the marriage cost associated
with "uying" of status can be diverted from the marriage to tractors.

And beyond this the governmernt can also realize greater income as a result
of the general stimulstion of business activity that will result from the
higher farm productivity anticipated. A crude order of magnitude estimate
of the additional revenue, based upon a two percent sales tax on tractors
and equipment as well as an additional food grain sales, indicates that
the additional revenue to the government from U.P. would be $5 million
annually.

Perhaps the most critical concern sbout farm mechanization is the
possibility of an adverse impact on farm employment, Small tractors are
expected to have a small impact on rural employment, but at the same time
have a greater job creating effect in industry and in the food marketing
and trading sectors of the economy. By and large the 10-50 acre farmers
are not the mejor employers of dailly wage laborers and do not intend to
replace their permanent laborers upon procurement of a tractor. The pro-
jected manufacturing schedule is expected to mechanize only 50 percent of
the 10-50 acre farms, 720,000, and for purposes of estimation of the
employment impact the inbroduction of tractors is expected to displace
360,000 agricultural workers. On the other hand, employment is expected
to be increased in the urban sector by a combination of the 50 percent
increase in Tood grain marketings, the increased volume of inputs required,
and slsc by the general increase in consumer goods indugtries which bene-
fit from the expansion of the economy. The incresse in employment is
arbitrarily estimated at 20 percent in the trade and commerce sector,

10 percent in the transport and storage sector and 5 percent in other
services. The current employment data for U.P. is adjusted accordingly
in the construction of Table 5 (16, p. 238}, The total impact on employ-
ment in U.P. resulting from a smail tractor mechanization program is a
net increase in Jobs cof 2&7 000, This analysis does not include new
industries and minor service categories such as office messengers and
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- househcld servants which, if anything, will also realize a modest banefit
from the general improvement in ecponomic activity.

TABLE 5, EMPLOYMENT OF U.P. WITH THE IMPACT OF FA?M MFCHANIZATION

(thousands)

resent After

Empiloyment = = Mechanization
Cultivators : ‘ 18,428 SR - 18 L28
Agricultural Laborers - 3,261 2,901
Trade and Commerce . , 1,063 1,169
Transport Storage and Communlcatlon‘ o . 399 439
Other Services o S 2,710 2,846
Household Industries -~ - ' 17k 1,474
Other Industries - o 1,515 1,515
Tractor Industry _ ~ 305
TOTAL Workers . 28,850 29,097

VI. HNet Appraisal and Summary

The main benefits to the introduction of swall tractors is asn increase
. of food production and the establishment of a new industry.. The cost is
_the displacement of labor from the agricultural labor class to urben jobs
in food and other trade plus tractor manufacturing and servicing. The
estimates indicate that more urban jobs are created than dlsplaced in agri.-
eulture with the result that total employment is increased in line with
the new level of food production thus achieving a relative stability in
foed supply and demand.

Food Production

For U.P, the intreoduction of small tractors has the potential to
expand food production capability at the rate of 10 percent per year through
a ten-year period as the present power constraint on agricultural enter-
prises is removed from the 10.5C acre farms. With the removal of the power
constraint other input supplies, such as fertilizer, seeds, credit, etc.
may become critical, however, these industries are being expanded and such
constraints are not expected to be beyond the realm of management, The
expansion of food production is expected to reduce the rate of increase in
~food prices thereby expanding demand within the state. On a Yonger term
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it is expected that adequate food supplies of cereals will make it pos-
sible to divert land o feed grain production in support of livestock
production., This diversion is not anticipated to be at a significant
level within the ten years of this analysis, but should the trend in pro-
duction and prices hold, some planning can be initiated in the ten years
of this projection.

' Employmeht

The effect of farm mechanization on employment depends in large
measure on government planning and participation in the mechanization
procesg. If mechanization is éarefplly managed it will expand the economy
and jobs will be added, but the numbers employed in rural farm jobs will
_ be reduced while a greater muber of jobs will be created in urban trade
and industry. In this case study, the hired agricultural laborers mast
become tractor drivers rather than bullodk drivers, the farmer must become
. & manager of a larger commercial enterprise, some laborers must move from
agriculture to food merketing and input servieing, and other urban occcupa-
tions will increase marginally with general economic expansion. In general,
the demard for women and children in the lasbor force will be reduced while
the preductivity of permanent lsborers is increased, thereby yvielding coun-
terbalancing impacts on family income and a net social gain. All members
involved in these changes will require new knowledge and gkills, therefore
the quelity of education will virtually determine the disruptive effects
‘of this transition. ' .

General Development Objéctives

The introduction of small tractor technology seems to be satisfactorily
well balanced in that it has a favorable economic and social impact in a
context of progressive governmental programs. This technology does not
demand consolidation of large holdings with consequent massive dislocation
of people. This technology achieves some improvement in economic struc-
ture with a modest distortion of social structure; and that distortion in
the direction of "higher quality" jobs. The snalysis indicstes that an
adequate number of jobs will be created within the immediate vicinity making
the urban migration reasonable short distance travel.

H

Other Consideraticns -

The broad interactions of mechanization imply that combined with
major investments of limited national resources, there is a need for care-
ful coordination to ensure effective growth. That is, the farmers will
need credit to purchase tractors and will need additional fertilizers and
other inputs to achieve the additional farm production potential. A decen-
tralized, rural, small-scale industry will need considerable assistance if
it is to achieve a high capacity. And, there may be heavy demand on education
to facilitete the employment shifts., The realization of much 5f the potential
benefits will be determined by how effectively the process can be monitored
and necessary developments synchronized., Stste and national rlanning agencies
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have machinery for this purpose, however, the introduction of -small trac~
tors will require a level of location specific and interdisciplinary
attention that has not yet been developed. A major policy decision may
be required to implement  the precisely defined adjectives of small tractor
introduction, ' R : '

The concept of introduction proposed in this paper is not a simple
injection of a small tractor prototype, for that has not been successful
as demonstrated in several countries where Japanese power tillers have
been imported end demonstrated without leading to the establishment of
a locel manufacturing and servicing industry. What is proposed is a
coordinated, interdisciplinery program designed around the development

. of the 10-5C acre farm enterprise. The line of approach is suggested by

farmers of these enterprises to enable them to exploit the potential pro-
ductivity of that enterprise at the power availability of a 5-15 horse-
power tractor rather than the power of a number of animal pairs. This

is advoceted ss a pragmatic development program that is consistent with
“declared development objectives. R

In summary, the attributes of small tractor mechanization are:

- it increases food production and consequently contributes to
reduced food costs, : ‘ :

‘- it is an opportunity for industry, particularly rural, small-
-scale industry, ‘ ' ’

- it mobilizes rural savings inmto market transactions,

- it improves family living and working conditions,

- it is essentially domestic industry, and

- . it enables further expansion of agriculture.
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APPENDIX 1. TFARM PRODUCTION ADJUSTMENTS

Farming Intensity,.ES_Acre Farm

Consumption :
Cultivation Percent Acres Marketing
| (geres)
130 Percent Intensity: | '
Wheat 8.75% acres 60 5.25 ~3.50
Rice 5.00 acres 60 3.00 2.00
Sugarcane 5.00 acres 30 1.50 3.50
Sorghum 7.50 acres 100 7.50 -
Pulses 2.75 acres 100 3.75 -
150 Percent Intensity:
Wheat 13.12 acres : 5.75 7.37
Rice 10,00 acres 3.30 6.70
Sugarcane 8,75 acres ‘1,65 : 7.10
Sorghum  7.50 acres 7.50 -
Pulses. 3.75 acres 3.75 -
Market Earnings
Price Per Acre Acres Marketed Income

Wheat . $120 3.87 $ heh ho
Rice S0 L.70 h23.00
Sugarcane 1hd _3.60 518.40

TOTAL 12,17 $1L05.80
Marginal Production Cost at $13.60 per acre 165.50
Net Income $12h0.29

Data from Problems and Progpects of Small Farms in Two Regicng in
Uttar Pradesh in 1969-70, Agro-economic Survey No. 2, U.P. Agricultural
University, Pantnagar, U.P., Dec. 1971, Appendix B-4, B-5, B-6, B-19 and
B"ao L
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APPENDIX 2, LARGE-SCALE INDUSTRY DATA

Machine Tool Industry

Capacity Rs. 25.6 crores annually
Investment _ Rs. 11.6 crores

Output (Value Added) . Rs. 10.24 crores
Employment 8500

Transport lOE,OOO tons

Capacity $30.1 million

Investment $15.3 million
Employment : 8500 direct factory

Using conversion ration of 19.5/34.1 = 0,57

Capacity $19.5 million
Investment $ 8.7 million
Employment - L850 direct factory

Data from Techno-Economic Survey of Uttar Pradesh, National Council
of Applied Economic Research, New Delhi, 1965, D. 275.
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 APPENDIX 3. BMALL-SCALE INDUSTRY

Small-Scale Machine Tools and Assembly-

Annual Capacity Rs. 2.0 crores anntally
Value Added Rs. 0.8 crores annually
Investment Rs, 0.8 crores

Bmpl oyment ' 2000

Transport 4000 tons

Value Added - $1.1 million

Capacity o $2.7 million
Investment . - $1.1 million

Using conversion ration of 43,0/2,7 = 15,9 -

Capacity T $43.0 million
Value Added - $17.5 million.
Investment _ . $17.5 million .

Employment _ 31,800

Data from Techno-Economic Survey of Uttar Pradesh, National Council
of Applied Fconomic Research, New Delhi, 1965, p. 280,
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APPENDIX 4, TRACTOR AND EQUIPMENT DISTRIBUTION AND SERVICING

Servicing and Durable Consumer Goods

Capaclty . - o Rs, 2;5 crores annually .
Value Added | Rs., 0.6 crores annually
Investment . B Rs. 0.3 crores.

Empl oyment - ‘ 6000 '
Transport _ . 100G tons

Capacity Cie $3.33 million annually
Value Added = ... . $0.80 million annually
Tnvestment P : $0,40 million

Using conversion ration of 78.8/3.3 = 24

Cepacity . . : $78.8 million
Value Added (x2) $38.4 million
Investment (x2). . $19.2 million
Employment (x2) 288,000
Transport (x2) | 48,000 tons

Note: Value added for Indian consumer goods servicing is presently only
one-fourth of sales, whereas the desired level for the farm eguipmeut
industry is approximately half of sales.

‘ “Data from Techno-fconomic Survey of Uttdr Pradesh, Natlonal Counc11
of Applied Economic Research, New:Delhi, 1965, p. 280, SR
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