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./ INTRODUCTION

RACTORIZATION ofagriculture in low-wage countries has

been the center of one of the most virulent and emotional

choice-of-techniques debate for the past 20 years. It &xveth
fore not surprising that, apart from spawning large qitded of
theoretical-conceptual literature and a massive amoahtpartisan
writing, it has also led to a very substantial amount of €are
empirical work at the micro- and macro levels. In partiquléhere are
now available a large number of farm-level tractor survdysm
practically every agroclimatic zone in the Indian subdoeht. How-
ever, many of these surveys are not easily accessiblestémsa and
Ph.D. theses) or not easily comparable. The main efforhisf paper
is to assemble the studies and present their findings inag which
makes them comparable across agroclimatic zones. Wieatewverit
this summary may have thus goes in large part to the pat{and
sometimes unrewarding) effort of the many researcher®o vlsem-
bled the basic facts initially. Of course, they cannothed responsi-
ble for mistakes or misinterpretations which might have wrced in
the summarization process.

It should be clearly noted at the outset that conclusioreched
in this paperare conditional to the agroeconomic environment which is
studied. What we observe on farms in the Punjab is caused by the
agroclimate, the availability of land and irrigation, thaerm sizes, and
the factor prices.In a different environmertsuch as Africa—the
introduction of tractors must be expected to lead to different res@tsnclu-
sions from South Asia are thus only transferable to thoseedoping
regions which have similar agronomic and economic envients.






11./SUBSTITUTIONVERSUS
NET CONTRIBUTION

HE debate about the benefits of tractors has essentiadlgnb
between two apparently contradictory views:

The Substitution viewlooks at tractors and animals as two dif-
ferent power sources which technically are perfect subts, i.e. any
operation which a tractor with its implements can perfasmassumed
to be also feasible by a combination of animal power, adigrawn
implements, and hand labor. Under this view the switchnfranimal
power to tractor powéris primarily guided by factor prices (or factor
scarcities).

Ifthe opportunity cost of labor (measured either by wagesar
by man/land ratios) and the cost of maintaining bullodkscome
sufficiently high,it will makesenseo shift to tractors. As long as income-
distribution implications are neglected, this would bee ttase both
from the individual and societal points of view. Under thebstitution
view, the low labor costs in the subcontinent are often ta&emprima
facie evidence that the time for a switch to tractors has notcpene. It
should be noted, however, that under the substitution vithwe
guestion of tractors is primarily an issue of appropriéit@ing of the
tractor investment. This view is entirely consistent widdvocating
tractors at a future date in the subcontinent when wagdesraise to
higher levels, or in other regions of the developing wowhkere high
wage rates and/or an open land frontier alter costs in fa¥oractors.

The Net Contributor viewof tractors, in its more extreme fornis,

'We will neglect theissueof switch from hand labor directly to tractors. Only in a
few mountainareasis primary cultivationstill doneby hand labor in the subcontinent.
See for example, G. W. Giles 1969, and Roger Lawrence 0197 the context of
Pakistan. The Pakistan debate has been particularly mvenwith S. R. Bose and E. H.
Clarke Il (1969), J. Cownie, B. F. Johnson and Bart Duff{Q@p arguing against the
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argues that power is a primary constraint to agriculturadduction
almost regardless of factor prices. The greater power rattors
allows more thorough or deeper tillage than with bullocRsactor
machinery such as seeders, levellers, and intercultungpagent also
achieve a higher level of precision. Both factors would leadhigher
yields. Furthermore, tractors may be able to reclaimdawhich
cannot be operated by bullocks at all. Finally, the higlpewer and
speed of tractors would allow more timely operations, teostribut-
ing both to higher yields and to a more extensive practitelouble
cropping. Higher yields and double cropping would lead tighter
levels of output, requiring more labor in operations notfpemed by
the tractor. The tractor could therefore contribute tocreased
production without necessarily displacing labor. Tradtz@tion would
be consistent with employment objectives, even in low-wagantries.

The two positions are deliberately described in their erte
form. However, it is necessary to emphasize that the viewhken
properly specified, may not be all that contradictoryhel points of
agreement and disagreement between the views may besillbse
trated with the following example.

Suppose that, in an irrigated area, wage rates and bullosts c
are so low that it is economical to maintain a very large faftboce and
bullock capacity which will allow double cropping withnely opera-
tions? If the substitution view is correct, it may be quite sonmd
after bullock costs and wage rates start to rise before aracbecome
the least-cost technique of production. At constant oudtpuices the
sole effect of increases in wage and bullock costs is aneas® in pro-
duction costs, thus making farmingless profitable. Farmerswill at-
tempt to reduce costs by reducing input and output levelsctvimay
partly be in the form of decreases in the labor force andoekl stock.
Profitability of the second season crop may be affectedtfasd its
extent reduced, thus reducing cropping intensity. The guabf
other mechanical operations may also deteriorate. As lauod bul-
lock prices continue to rise, tractors will eventuallycbene profitable
and be substituted for bullocks and for labor, thus makingduction
costs less vulnerable to further wage and bullock costeases.

If, for some reason, tractor investments were restrictédthat
stage, farmers would react to additional wage and bullomst

views of Giles and Lawrence. The Pakistan debate has lgrdeen resolved by the
studies of Carl Gotch, Bashir Ahmad, Walter P. Falcon, Mmmaad Nasim and Shahid
Yusuf (1975). G. W. Giles (1975) expresses the net condtolr view in a less extreme
form. In India the net contributor view was forcefully exgsed by S. S. Johl, 1973.

'"Many areas inJapan and Taiwan achieved double-or triplepping long before
the advent of tractors. In Bihar, for example, some bukofarms operate at a 200%
cropping intensity (Table 8).



increases by further reducing their labor and bullock inpthe
quality of mechanical operations and intensity levelsghti fall
further. Introduction of tractors at this point may prdeisubstantial
cost reductions which (still at constant output prices) Wbumake
farming more profitable, thus leading to a positive intigmsand
output response. This more sophisticasabstitution view,which takes
into account the output effect of cost changes, thus agmetls the net
contributor view that production effects are possible; bhutwould
insist that such productivity responses to tractors, atftreners’ level,
are only possible if the tractor does indeed reduce pcadicn costs.

This more sophisticated substitution view would therefargue
that tractors can be an important engine of growpngvided that
animal power costs and wage rates are ruingSince cost differences
between techniques need not be large to induce a switctrattors,
one would not expect large output responses at the switeh stage.
Only modest timeliness and intensity gains might be obsé at that
stage. However, bullock and labor use reductions wouldehto be
observable, since these cost components need to comieerfsa the
added capital costs of tractors. If this view is correst would expect
to observe large output and intensity gains from adoption of tractors only i
tractor investment had somehow been retarded long past the stage when
initially gained a cost advantage.

Thus, the net contributor theory also fits into our exampled is
not as inconsistent with the substitution view as inlijiaimplied. The
net contributor view would argue that, in our simple exdempve are
long past those bullock and labor cost situations which Wopermit
the high timeliness and intensity levels assumed in theahgituation,
and that the costs of animal power and labor so much redhee t
profitability of farming that it does not pay to practiceethigher
work quality and intensity levels with the traditional metts® If we
were to place our example in a situation with little irrigat, the
contributor view might argue that the cost of animal powseso high
that it makes investment into complementary irrigation wofptable,
while tractors could sufficiently reduce costs to make tomplemen-
tary irrigation investments profitable.

The issues are empirical rather than theoretical. The plathis

“The tractorization of American agriculture is a good exde In the absence of
labor-saving innovation, U.S. agriculture could nevlave remained an important
exporter of agricultural commodities. The wage-rate siseould have resulted in a loss
of comparative advantage of U.S. agriculture on a costisbas

'Alternatively, the net contributor view would have to dethe perfect technical
substitutability of bullock- and tractor-powered operais. In view of the historical
experience ofJapan and Taiwan, where high yield and intgnkvels were achieved
long before tractorization, this position is untenable.
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paper is thus to review and compare, in Section |1, thectoa
surveys of other authors to see if we observe the high yi@mhdl
intensity gains and the lack, or even increase, in labor whéch
would vindicate the net contributor view. In Section IV, soof the
major benefit-cost studies are reviewed to see if tractbrad to
substantial cost reductions.



I1T./THETRACTORSURVEYS

EFORE turning to the evidence it is necessary to review i
some detail a few major methodological issues connectéth w
tractor surveys.

Methodological Considerations

The methodology most often used in tractor surveys has like
cross-section comparisomf various types of bullock-operated farms with
various types of tractor-operated farrasa given moment oftimeOther
researchers compiled data for tractor farms only, andgjed the
impact of tractorization on the basis obefore and after
comparisons—with thdefore data inevitably collected on a recall basis
(Mclnerney and Donaldson, Chopra, Sapre). Pudasainiectdld data
both cross sectionally anldefore and after. Even in his study, however,
before and after data for the bullock-operated farms are misstng.is
clear that a full combination of both approaches would be tmos
powerful, and it is difficult to understand why so few dies have
collected before information for at least the more easily recalled
variables, such as farm size and cropping patterns.

The key objection raised against pure cross-sectional @mspn
is that tractor and bullock farms differ in many other respemn
addition to power source. Tractor farms usually areghar than
nontractor farms. Farmers who own tractors can generaky elx-
pected to be better endowed with productive capital and awee ha
better access to credit markets. This is likely to lead teater
per-hectare use of irrigation and purchased inputs, andgs tho
higher observed yields and cropping intensities. Furtheren
tractor-owning farmers might choose cropping patternsiohhem-
phasize crops with high returns but which require reldtvéarge

®Desai and Gopinath present sonbefore and after farm-size comparisons.
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amounts of purchased inputs. These effects could lead tcherig
production, higher yield, higher intensity, and highebbr input
regardless of the prime source of power—bullock or traetor
employed.

Most investigators have obviously been conscious of these-
founding factors, and many have attempted to minimize thkeym
judicious choice of sample farms. Some investigatorseh&hosen
size-adjusted samples by excluding the smallest bullock farms an
sometimes the largest tractor farms from their sampléKahlon
1975, 1976, Government of Punjab, R. K. Sharma, Grewal a
Kahlon, Motilal, Misra). This has, however, been diffitun areas
where tractor density is still low.

The Punjab (India) and Haryana (Tables 2, 3, and 4) studiesvell
as some others, have encountered few problems of confoundith
irrigation because tractor- and bullock-operated farmd bkasentially
equal access to irrigation (Kahlon 1975, 1976, GoverntnafrPunjab,
Sharma, Motilal, Chandra Mouli, Umakesan, Mandal andsRBda
Parthasarathy and Abraham). Other studies, attemptingviercome
the irrigation problem by the sampling design, have digtirshed
farms with pumpsets or tube-wells from those farms withoand
separate each farm class into tractor- or bullock-operafadms
(Pudasaini, Singh and Miglani, NCAER 1973, Patel andeBafThis
leaves only a few studies where irrigation remains an intapot
confounding factor (the Gujarat Studies (Table 6), Siregid Singh,
Narayana, Pawar and Achary).

The sampling process could not adjust for differences in ube
of high-yielding varieties, fertilizers, or pesticidetiowever, most
writers have been careful in documenting these differancle turns
out that in some areas the use of HYVs is not correlated wialctor
use. In particular, there is little difference in HYV uge the later
studies of the Punjabthus contradicting the hypothesis that HYV use an
tractors are necessarily complementary.,e. that there is a strong positive
interaction from their joint use (Government of Punjab, Kah 1976,
Singh and Miglani). In the rice-growing areas of coastahdhra
Pradesh and in Bihar, however, the use of HYV rice seamiset more
closely associated with tractor ownership.

“In view of the negative correlation between farm size andput per ha (observed
in certain areas of the subcontinent), a sampling designcwhadjusts for farm size
seems to be very important.

"Soil differences between the farms should not lead to muomfounding. The
studies have generally selected villages which have alyalarge number oftractors, and
selected a matching number of tractor-operated and buHopkrated farms within
each village, thus eliminating most systematic soil diffeces.
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Fertilizers probably present the most severe confoundpngb-
lem. In extreme cases, tractor-owning farmers used up tairh8s the
rate of fertilizers used on pure bullock-operated farmsd@saini); in
most instances tractor-operated farms used between 20 tpecent
more fertilizer per unit area. In comparing yields or topabduction
levels, caution must therefore be exercised. The beasicedure is
probably the use of covariance analysis to remove the efiefc
fertilizer (Kahlon 1975), or of fertilizer and other confpding
factors combined (Desai and Gopinath).

One confounding factor which has received little attentis the
quality of management of the farm. If tractor owners bgoto a
more educated group than do bullock farmers, they shoultdeae
higher levels of productivity from any given resource haséth or
without tractors. Unfortunately, only three of the sieglpresent data
on this aspect, and they all report higher levels of formdlcation
for tractor farmers than for bullock farme?s.

Most of the confounding effects can be expected to exaggere
the advantages of tractors. In areas such as the Punjadrewia
negative correlation may exist between farm size and famgninten-
sity, farm size could work in the opposite sefhseéBut this opposite
factor can operate only in those smaller studidsch do not use a size
adjusted sampling frameWith this exception, we therefore must expect
cross sectional studies to exaggerate the benefits attorization.
Unfortunately this advantage is not easily quantifiable

It might appear at first thdtefore andafter studies overcome most
of these confounding effects. However, this is not alwtys case. One
problem is that théefore data must often be collected with 3 or 4 year:
of recall, which may be less reliable.

Clearly, thebefore and after studies do not suffer from confound-
ing due to management bias. However, confounding duértiga-
tion, HYV, and fertilizer use still remain. The Mclnerneynd
Donaldson study in Pakistan is a striking example. Farntsiciw
acquired tractors grew, on average, to two and one-halégirtheir
former size. This represents formidable problems of iptetation,

°Parthasarathy and Abraham report a significant correfabietween literacy and
tractor use (but not with age or tenancy). The Desai-Gatpinstudy allows the
construction of a schooling index of different types ofnfars which, in two areas,
shows tractor owners to have about 20 to 30% more yearshafosing than bullock
farmers, with no difference in the third area (Table 5, desd Gopinath). A much
larger educational advantage, where two classes of trantoers have twice as many
years of education than do the bullock farmers, is regbftg Pudasaini. Note that
none of the studies reports extension contacts by farns.cl@ven the size and
educational advantage of farmers owning tractors, itkelyi that they also have more
frequent extension contacts.

""For a review of the farm size-farming intensity conteosy, see Bharadwaj
Krishna.



because it is not known to what extent that growth was caused
tractors. The Green Revolution and fundamental changespiice

relationships occurred in the same interval; both may hawetrib-

uted to the incentive for farm expansion, in addition toroducing

other confounding elements. It is therefore clear thefore and after

studies should include a control group of farms of similmitial size

to gain a real superiority over cross sectional studfes.

Another methodological advance which has occurred oiraetis
statistical testing. Motilal's 1968-69 study first testefifferences
between farm types rigorously. We shall see that in maases only
fairly large differences are statistically significanit is unfortunate
that even in the late 1970's some studies do not repimnifscance
tests.

Over time there has been considerable refinement in dgstish-
ing farm types. Early studies looked only at bullock ownexrsd
tractor owners (Grewal and Kahlon, Government of Punj&b, K.
Sharma, Singh and Singh, Motilal, Umakesan). After 197Wtany
studies introduce tractor-hiring farms as a separategaty (Kahlon
1975, 1976, Pudasaini, Desai and Gopinath, Sharan eMandal and
Prasad, Parthasarathy and Abraham, Acharya, NarayahAa)men-
tioned earlier, others distinguish according to ownepsbif pumpsets
and tubewells. Also the Kahlon (1975, 1976) study distirstnes pure
tractor farms from farms which continue owning bullocksaddition
to the tractor. A minimal framework of data collection andalgsis
for future work in this area is given in Appendix A.

A Brief Overview of the Evidence

Table 1 presents a very brief initial summary of the eviden¢
all studies for which the details are reported in Table® ®. For the
key performance measures, Table 1 classifies the deéffees between
bullock-and tractor-operated farms (hired or owned) inteefsize
groups and reports the frequenof observationsin each of these size
groups. Note that eachbservationis a comparison between a sample
of tractor and a sample of bullock farms reported by thehatg of
the studies reviewed. For example, the entry in titensity row and
the "-30 to -10" column is 3.2. That means that in 3.2 peradrihe
63 intensity comparisons reported, the intensity on toadarms was

%MclInerney and Donaldson tried to do so, but encounteredlpnos because of
an extremely restrictive definition of control farms—i.&s those farms which applied
for tractor loans but could not obtain a tractor. A moreetial definition of farms of
similar size, regardless of tractor purchase intensiownsild, ex post, have been more
appropriate.
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TABLE 1. Distribution of differences betweerullock and four-wheel tractor farms.

Percent Difference Less than -30 to -10 to 10 to Greater than
-30 -10 + 10 30 + 30
No. of
observa- Percent of observations
tions
Intensity 63 0 3.2 73.0 20.6 3.20
Individual
crop yields 107 0.9 7.5 39.30 37.4 14.90
Total crop
Production 45 0 2.2 20.0 46.7 31.10
Fertilizers
etc? 36 2.8 2.8 16.6 25.0 52.8
Labor 58 5.20 24.2 51.70 17.2 1.70

Labor/Unit of
total Produc-
tion 49 32.70 42.8 24.50

"Sometimes includes seeds, manures, and pesticides.

"Sometimes includes seeds, manures, and pesticides.
lower than on bullock farms by between 10 to 30 percent. Orbults
of four-wheel tractors are summarized in Table 1.

For intensity of cropping, we see that 73 percent ofesbations
fall into the "no clear difference" class of minus to plu fiercent?

In almost 20 percent of the cases, tractor farm intéesitare higher
by 10 to 30 percent. There may therefore be some intenadtyan-
tage, but it is not impressive, and detailed examinatiofalfles 2 to
9will be needed to see if the modest differences are indeedtaue
tractors.

Yield advantages seem at first to be more impressive. O7 1
comparisons, more than 50 percent of the differences ekcdO
percent; in 15 percent of observations the yield advanwageeds 30
percent. Consider, however, that in about one-half of te@orted
cases fertilizer use on tractor farms exceeds that onolcklifarms by
30 percent or more. This implies that the yield differenaes clearly
not caused by the tractor alone, and we must again look mo
carefully at the individual studies.

Total crop production per hectare is defined as the gvasge of
crop output divided by operated or net cropped area. In mben
three-fourths of the cases it is larger on tractor fabysmore than 10
percent and the differences exceed 30 percent in almostthird of

12 Of these, 28.3% fall into the 0 to -10% range while 46.3% fato the 0 to +10%
range—i.e., more are positive than negative.
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the reported cases. We shall see that this impressivarsgage is again
causedby a variety of factors and particular attentiwill be given to
cropping pattern effects of tractors.

The two extreme ways of looking at labor effects are bot
reported in Table 1. The extreme net contributor view wdbul
attribute all differences between farm types in totalbguction per
hectar to the tractor, and not to additional inputs suclieaslizers. It
is assumed that if tractor farms were forced to go back tiboll and
labor operations, production per hectar would revert bexkhat of
bullock farms and so would labor use per hectare and bkllese®®

If this were true, observed differences in labor use pectdre
would then correctly measure the labor effects of tractoise see
from Table 1 that the increases and decreases in laborheetare are
fairly symmetrically distributed around zero, with 51.@rgent of the
reported cases not distinguishable from zero. Thus & tiet con-
tributor view were right, tractors would not be labor gliscing.

On the other hand, under an extreme substitution view, rtgKki
tractors away from tractor farms would not necessarily Hesn a
decline in production per hectare. Tractor farmers, ifdeed on the
tractor, would try to maintain part oftheir earlier prodion level by
maintaining the use of fertilizer and other cash inputsseldo the
levels achieved when they had tractors. They would alsce havbuy
bullocks and hire bullock drivers. Since production is mtained
close to the level achieved with the tractor, labor for apleoations
not performed by the tractor would stay the same and thetexdthl
bullock drivers would be a net addition to labor use. THaBor use
would increase beyond the level required to produce thigpotofthe
pure bullock farms which never had a tractor. Apper boundon the
labor effect of tractors can be found by looking at labar pnit of
production rather than labor per hectare. This is only gmper
bound because increases in production per hectare are aftkieved
by increasing labor (or bullock use) by a lower proportioarthoutput
is increased. For example, more intensive fertilizer uselikely to
increase production by a larger proportion thail more intensive
labor use’*

3The net contributor view would, of course, have to arghattthe complemen-
tarities between tractors and other inputs such as femilszare such that, deprived of
tractors, the tractor farmers would have to give up the use¢he$e other inputs. For
some inputs such as fertilizers, this view is almost absurd.

For example, if a bullock farm suddenly uses more fertilizemtput per ha
increases by a proportion k. This would require an increase hiarvesting and
processing labor by the same proportion thus increasing labor per ha.However, field
preparation and seeding labor would remain constant, eiwked control labor would
probably rise by a proportion which must be less than k. Quedabor per ha thus

12



Differences in labor per unit of production can be complte
approximately from many studies by subtracting from diéfieces in
labor per hectare the difference in production per hectarBesults
are not reported in the detailed tables, but are summdrineTable 1.

It is clear that tractor farms have much lower labor input peit
of output and measured this wdgbor displacementseems to be very
large. We must note that, this is ampper boundon the labor displace-
ment, even under a pure substitution view. Furthermore rattor
farms generally use more threshers or alternative labkeoriisg
equipments, the reduction in labor per unit of output cobéde been
generated by these other innovations. The truth must foeeebe
somewhere between what labor per hectare tells us and what labor per unit
production reflects.

The Organization of Tables 2 to 9
To distinguish the farm types we will use the following syotga

B  Bullock farms

TO Tractor-owning farms

TH Tractor-hiring and custom farms

P Pumpset- or tubewell-owning farms
C Canal-irrigated farms

TR Thresher-owning frms

The most important combinations of the above are:

BP  Bullock farm with pumpset

TOP Tractor-owning farm with pumpsct
THP Tractor-hiring farm with pumpsct
TOB Tractor and bullock owner

Note that in studies which do not differentiate according t
irrigation source, B will stand for all bullock operatedries, regard-
less of whether they do or do not own pumpsets. Similarly, dntl
TO include all tractor hiring farms and all tractor-owningris
regardless of pump ownership. Further, note that in s@ameas B

rises by a proportion which must be less than k. Since outpet ha rises by k
and labor per ha by less than k, labor per unit of output musliadly fall. The observed
difference in labor per unit of output therefore consistsaofeduction caused by the
tractor and a reduction caused by the fertilizer. Theref, the observed difference
overestimates the tractor effect and is clearly an upper nzau

L

¥To see this, wrinK:‘%}%. It can be easily proved thi-d“"Q) =LAy

(1/Q) {L/A)

d (Q/A)

(QTand subtracting percentage changes is an approximationhéoabove formula.
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farms also hire some tractors. In the context of each efgtudies the
distinctions will be quite clear.

Tables 2 to 9 are organized as follows. For each studyumal (2)
lists the items compared. The first line in most studies haB in
column (2) and gives the absolute value ofthe varialibasthe bullock
farmsin brackets. The following lines give the percentage difference
between bullock farms and other farm types. For examphe, line
B-TH in column (3) of Table 3 indicates that labor per hedta the
Punjab is 4.3 percent higher on tractor-hiring farms thanbahlock
farms, with the value of the bullock farm as the basis fibe
percentage difference. Or the line BP-TOP in the Puddsatudy
(Table 5)—on the other hand—is calculated the percentagéerd
ences with the value of the BP farm as the badike basis for the
percentage change is always the first mentioned farm.

All Tables are on per hectare basis. Human labor and bulkesek
is measured either in labor/bullock days or in labor/begKk years,
depending on how the authors measured it. Bullock labarjsorted
in single bullocks, not in pairs. Intensity means grosspged area
over net cropped area in percent. The percentage difte® of intensity
are relative to the intensity value of the bullock farffs.Value of
production is in Indian Rupees atJanuary 1977 exchangss.rdields
are given in quintals (the quintal is 100 kg) per hectdtertilizer use is
given either in kg of plant nutrients NPK applied per hectaoe
value in Rupees of that applied per hectare. Column (8) id ur
various inputs, depending on information available orfukeLabor,
bullocks, and production are measured per hectare of faize. s
However, farm size is measured sometimes as operated ardai-
vated area, or gross cropped area and the basis of memsuateis
given in the table footnotes, which also list, for each figwiven, the
table or page number where it was found in the originalreeuSome
general notes on particular features of each study are mlssented in
the footnotes.

Whenever tests of significance have been reported byathtdors
they are indicated by * for significance levels of 0.05daby NS for
differences which are not significant at the 5-percentele Other
significance levels were not considered. Where neitfienor NS
appear, significant tests were not performed.

*®For example, if bullock farms have an intensity level of #@nd the tractor farms
of 170%, the gain in intensity is 13.3% and not 20%. Thisresponds to a 13.3% rise in
gross cropped area and thus measures correctly the ineréasarea cropped. Some
studies (for example Narayana) report intensity as grosspped area over operated
area. As long as fallow land is insignificant, this would nlead to distortions.
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Cropping Intensity

In areas where few opportunities exist for farm size exgian,
the effect of additional power on cropping intensity iserftregarded
as a major potential benefit, achievable mainly throught ftultiva-
tion between seasons. It should be noted, however, thaicaltural
systems have existed in the past and at present which \esmdhie
double-and even triple-cropping without tractor dSe.

Punjab and Haryana: The Punjab and Haryana studies (for India
and Pakistan) summarized in Tables 2, 3, and 4 provideldtpport
for the thesis that tractorization is a major factor contrtimg to
cropping intensity. The gains reported are in the areaesd to 10
percent of the cropping intensity achieved by bullock faramsprior
to tractorization. Negative intensity effects are alseported by
Kahlon. A statistically significant increase in cropminintensity is
reported only for pure tractor farms (B-TO) in strata 2 ld tindian
Punjab. Note however, that in that strata tractor farmeh® also own
bullocks do not show any increase in intensity over bulldakmers,
despite the fact that they are probably in the best poweitimos

The before and after study in Pakistan similarly shows an intensity
increase of only 7 percent. For reasons connected with thenpm-
enal size growth of these farms (discussed in the footnwebw),
this is probably an overstatement of the true intensiayng® Since the
proportion of sample farms owning tubewells increased fré3nto 60
percent during the same period, the modest increase ntensity
cannnot exclusively be linked with the tractorization gess.

The largest intensity increase occurred in the smalf@stn-size

"See, for example, the study of Mandal and Prasad where bkllimrms achieve
200% intensities (Table 9). High intentensity levels weaehieved in Taiwan long
before tractorization. Weng Chieh Lai in 1972 reported that 1961 the multiple
cropping index for Taiwan was 186 when there were only 3708ver tillers in the
country (You Tsao Wang). This figure rose to 21,153 at thed of 1968 but the
cropping intensity index in 1969 was at almost the same llevie84.

'8Note (Table 4, Panel 7) that over the study period farm girew by 142%!. The
data collected give the cropping intensity on the land @ted before and after the
farms grew, but it is not known at what intensity the acqudireand was farmed before
transfer of land. To judge the impact on intensity of all landw operated by the
tractor farmers, the authors must assume a level of intgnfor the acquired land. If
the farm sizes of the farms from which the land was acquiredsmsller than of the
acquiring farms, these intensity levels may differ sulmsially. Before land and
tractor acquisition, the farm studied had an intensity ofl1T®. After acquisi-
tion, of land and tractor, the intensity was 119.3% Mclneynand Donaldson
show that if the acquired land had been farmed previously 26%, intensity on the
total land areaafter would have remained constant. Since the smallest trad@rms
were operating at 122% intensity before and most land wasuaeq from even smaller
bullock farms, the possibility of no change or decline iretintensity is very real.
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group (group one), and there is a decrease in intensityarm-size
group three.

The onlybefore and after study in the Indian Punjab is by Chopra,
who reports an intensity increase of 16 percent. This ristsy
increase is associated with a 20.5-percent increase tinrnigated area
on these farms, which makes it unlikely that tractors pldy major
role in enabling the intensification to occtt.

We must therefore conclude that tractors have not been
significant factor in intensification on tractor farms Haryana and
the Indian and Pakistan Punjab.

Uttar Pradesh, Delhi Territory, and Nepal Terai (Table 5):In this
geographic zone, the evidence regarding intensity iaseeis more
complicated. The Delhi Territory study and the Muzaffagaa study
report virtually no increase in intensity. However, in tNepal study
some intensity effects seem to be present. In this studyhexe both
cross-sectional comparisons between farms and over tcmmpari-
sons of mechanizing farms.

Large intensity increases are reported over time for famn
acquiring only tractors (36.1%) and farmers acquiringctors and
pumpsets (51.1%). It turns out, however, that crosdiseally these two
categories of farms started out with the lowest initialemdities and
thus caught up. Since they are the largest farms this may imply that in
this area tractors do allow large farms to reach equal oghér
intensity levels than small farn®®. The cross-sectional differences are
more modest, and those easily attributable to tractorsT@®, B-TH,
BP-TOP) are around 12 to 15 percent. Note also that purléobk
farms seem to be very much starved of capital. Their fexeil
expenditures per hectare are only about Rs.45, while dhep
categories spend between 5 to 12 times this amount onlifagts.
Pure bullock farmers are also at a very clear educatidmnsadvantage.

Gujarat (Irrigated Areas, Table 6): The three studies in Gujarat
provide no support for the hypothesis that intensity iperdent on
tractors. The Desai-Gopinath study and the Shagtml. study both
cover Ahmedabad and Kaira district. In these districtgctor-hiring
farms show the highest intensities, with tractor-owniragnis having

'®The increased area is not irrigated by the tractor as the @rihspn of irrigation
expenditures in Table 6 shows.

20This is consistent with the conclusion of Ch. Hanumanthao Rp. 116) from data
of the Plan Evaluation Office from Punjab, Andhra Pradegfaryana, and Tamil
Nadu which indicate that the negative relation betweeremsity and farm size is
steeper for bullock than for tractor farms—i.e. tractode enable large-size farms to
achieve intensity levels usually associated with smallarnfs.
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equal or marginally lower intensity than bullock farms. ®@rh Surat
district do tractor owners show a statistically signifitdntensity gain
of 13.9 percent, but that is associated with a rise ingation from 22
to 60 percent of gross cropped area (i.e., a rise of 181PA) the
Tobacco zone, a 15.5-percent increase in cropping intgnmstas-
sociated with pumpsets, while a gain due to tractors alisnenly 5/,
percent. (Patel and Patel).

Semi-Arid Tracts (Table 7 and 8): The semi-arid areas comprise the
seasonally dry tropics where abundant rainfall in shainy seasons
alternates with fairly long dry seasons during which cropwth is
dependent on stored soil moisture or irrigation. Thd seil areas are
represented by Dholka Taluqg in Gujarat, while the blaok areas are
represented by three areas of Maharashtra, by Dharwatridt in
Karnataka, and Narsingpur district in Madhya Pradeshe Tupland
areas Il and IV in West Godavari district and Chittoor distrin
Andhra Pradesh (Table 9) and Coimbatore Taluqg (Table 9)atse
semi-arid, but the irrigation percentages exceed 50 pdre® they
are treated separately.

In the semi-arid areas, cropping intensity of bullock farrs
slightly in excess of 100 percent and the intensity of toacfarms is
not more than 10 percent greater. In the case of Kundgdudan
Karnataka (a real kharif-fallow area), tractor farms &éavstatistically
significant lower intensity (by 5.7%) and in Satara distriin
Maharashtra the tractor farms have a lower intensity .4f Bercent.
Thus, evidence of gains in intensity due to tractors isklag in
semi-arid areas. This lack of gain in intensity in semidaareas is not
so surprising. After all, cropping is constrained to cseason by lack
of moisture in these areas, and even a tractor cannot chémate

Bihar:  In the area studied by Mandal and Prasad (Table 9) cropping
intensity on bullock farms was high—200 percent. There ni@
evidence that tractors in such high intensity zones leadfucher
increases in intensity. The bottleneck seems to be thle ddopportu-
nity for summer cropping, due to lack of irrigation faci¢is for that
season.

Andhra Pradesh: Parthasarathy and Abraham studied canal-irrigated
low-land areas (Zones | and I1) with intensities for bulkotarms of
162 and 134 percent. It also covers well-and tank-irriglatepland
areas (Zones IIl and 1V) with cropping intensities of 100 geart in
bullock-operated farms. In none of these areas do tracaom$ have
higher intensities than do bullock farms. The Narayana {}%tudy
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covers a paddy-groundnut zone in Chittoor district. Hetegctor
farms have an intensity gain of 9 percent over bullock farms.

Tamil Nadu: Coimbatore taluq is the only study from Tamil Nadu
(Table 9). It represents the only case of statistically ndigant
intensity increase which cannot be shown to be due to highe
irrigation. Intensity on tractor farms is 20 percent héghthan on
bullock farms, but tractor farms have only 58 percent ofithand
with irrigation facilities; bullock farms have 68 percertrigation is
from wells and substantial areas are under garden cragh s
fruits, vegetables, or spices.

These studies taken together lend little support to theohlygsis
that tractors are an important factor in crop intensifioati In most
cases where substantial differences exist, they corredpo similar or
larger differences in irrigation facilities. One excéegr is the study in
Coimbatore talug which shows a 20-percent increase in Bitgn
without an increase in irrigation. The other exception ie flarger
tractor farms in Nepal, which seem to have been able toemthan
offset an initial intensity advantage of smaller bullock austom-hire
farms by purchasing tractors.

Yield Effects

No attempt has been made to review experiment station evi-
dence. A demonstration of yield effects on experiment stegtiwith
sophisticated equipment has little value unless it is @soompanied
by a benefit-cost analysis which takes account of addiailocosts. If
additional costs do not fall short of additional returnsagubstantial
margin, there is no chance that farmers would adopt thdsdd-
increasing techniques.

Evidence presented by these surveys indicates that theee a
many instances in which tractor farms do have higher yieldant
bullock-operated farms (Table 1). Only three studieswhver, pre-
sent statistical tests of the differences of yields (Kerh 1975, 1976,
Motilal, Chandra Mouli). Of 19 statistically significa yield differ-
ences, 2 fall in the range of minus 10 to plus 10 percent, l@aager
than + 10 percent and 1 falls below - 10 percent. It is thue saf

2!G. W. Giles (1975) presents a summary of on-farm trials wiithproved
bullock-drawn equipments carried out in India in 1964-&5xty nonreplicated trials of
a seed cum fertilizer drill resulted in an average yieldingaf 12.5%, a difference not
statistically significant. Eighteen nonreplicated tmaiwith a maize planter gave an
average yield increase of 40%, but again the differencekddc statistical significance.
For experiemental evidence that power tillers do not tetodraise yields in Japanese
rice culture, see Tsuchiya, 1972.
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assume that we must look, for differences of more than 10 grgrto
have a reasonable chance that they are statisticallgitmnt.*

Punjab and Haryana (Tables 2 to 4): R. K. Sharma, Kahlon, and
Mclnerney-Donaldson present yield effects. In the Hargastudy,
tractor farms had a 7-percent advantage in wheat and a d&&nt
advantage in rice yields. However, they also used 44 peroeate
fertilizer per cultivated hectare and the modest yieldratte cannot
be regarded as a tractor effect.

Of all yield effects reported by Kahlon, only the 1973-74uks
for the dominant crops in each area are included. It showldbted
that in 1971-72 and 1972-73 Kahlon foumdt one singlestatistically
significant yield difference between tractor farms anadllbck farms
(which at that time included both tractor-hiring and purellbak
farms). The wheat-yield differences are significantlysjgove in re-
gion 2, 3 and 5. However, in region 2, they are confined to awith
both tractor and bullocks, while in region 3 they occur owply the
custom and pure tractor farms, but not on the farms ownbmth
tractor and bullocks. Finally, when wheat yields were usd¢d by
covariance analysis for fertilizer use, the yield diffece remains
statistically significant only for region 5.

In HYV rice, Kahlon found no statistically significant effts in
any region in any year of his inquiry. Of the other majoogs in
different regions, maize differences in region 1 and tb@tton
differences in region 5 are statistically significant. &ull, the 3-year
study of Kahlon shows practically no support for positivéely
effects due to tractor cultivatiof®

Mclnerney-Donaldson show no yield effect of tractors in ides
rice. There is also no effect on cotton and sugarcane (nodntep in
Table 4). However, it shows a 37-percent yield increasavheat and a
61.3-percent increase in maize between 1966-67 and T®69The
wheat and maize yield differences are associated with apéftent
and a tenfold increase in fertilizer use respectively dwrithe same
period?* Furthermore, for most of these farmers 1966 was thet firs
year of use of the HYV wheat varieties; the 1965 seeding tsethe

22The tractor effect is usually not confounded with varietffeets or irrigation
effects, because most authors do distinguish between desi & VYV varieties and
between irrigated and rainfed crops.

230ne may argue that yield effects become available only hg use of modern
seeding equipment, and we know that in most cases tracéomérs do not own such
equipment. However, in region 1 as many as 81% ofthe tractoress do own a seed
cum fertilizer drill used mainly for wheat. But even in thisase, wheat yields of
tractor-operated farms are not statistically signifitlgnhigher in any of the 3 years.

24Too much emphasis should not be put on excessively high greage changes.
They usually occur when an input use on bullock farms is ficadly nil. In such cases,
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varieties in the whole of Pakistan totaled only about 5000tdres?®
We would thus expect a yield increase over the 3 study yéeom
learning effects alone.

Uttar Pradesh, Delhi Territory, and Nepal Terai: In both Uttar Pradesh
studies, tractor farms have a yield advantage in suga&rcand wheat
ranging from 17.6 to 41 percent. Furthermore, the yield ctffeare
not confounded with irrigation, since the NCAER study skowo
yield effect for B-BP comparison and a 20-percent yieldeeffffor the
BP-TOP comparison. The Singh and Singh study presentsata an
fertilizer use. In the NCAER study, the largest yield eéifénces
are associated with 20.5-and 31-percent increases in liegti
use from an already high level of 222 Rs. per hectare o
operated area. These are substantial, but not masgiceedses in
fertilizer use. However, yield effects of 17.6 to 22.2 p&rt are also
associated with no increase in fertilizer in the B-TOP campon.
The situation is therefore far from clear. The problem isther
aggravated by the small sample size for the NCAER study as
whole—only 11 farms in the B class and only 6 in the T OPsclas

In a study not reported in Table 5, Singh and Chancellor usei
regression analysis on fieldwise wheal and maize datatof@&mers
from Meerut district. They conclude that "There is |etévidence to
show that significant increases in crop yields can be aé&fécby the
mere substitution of mechanical power for animal power emd
circumstances in which the timeliness or the quality ofrlvds not
changed" (p. 813).

In the Delhi territory and Nepal studies (Table 5), yieldfdr-
ences vary between 10 and 30 percent (significant in tse o& Delhi
territory). Fertilizer is the most likely cause ofthe ldedifferences. In
Delhiterritory, tractor farms use 35 percent more faer and in the
Nepal case all yield differences in excess of 20 percentassociated
with more than sixfold increases in expenditures on seadsl
pesticides. Note also that in the Delhi territory study, ppewillet has
the smallest yield effect. It is also likely that this crog@ceives the
smallest amount of fertilizer. In either Delhi territory dlepal, there
is little support for a positive yield effect of tractors.

In Bihar, only summer paddy has a substantial yield difference
(28.6%). However, tractor farms use an additional 3p&cent of
fertilizers on all crops taken together.

it would be better to look at absolute input use differenceshich can be computed
from the tables. The fertilizer use on maize rose from RE7per ha to around
Rs.88.00 in the above case.

25Dalrymple, Table 9.
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In Andhra Pradesh many vyield effects on irrigated crops are
negative, except for desi paddy in the kharif season ini®ed! | and
HYV paddy of Region IV. In both these regions tractor farmeise
36.3 percent more fertilizers. Note further that in Regibrractor
farmers use 64.9 percent more fertilizer but do not hawghar yields
in any crop. One must therefore recognize that one canmweaya
attribute all yield differences to differences in fertiér use.

Coimbatore shows a yield effect of 23.9 percent for groundnuts, but
fertilizer use is also 28.7 percent higher in that crop, itthas
impossible to attribute this difference to the tractdn particular
because there is no yield effect for the other two cropsttesp and
sorghum.

For all regions combined, we are at best left with 5 or 6 @u118
instances where large yield differences remain in theembs of
equally large or larger differences in fertilizer use. $hestudies fail
to provide much support for the yield-increasing effect oéctor
cultivation.

Timeliness

One of the benefits oftractorization most stressed byaitgéocates
is the gain in timeliness achieved by tractors. Umakesamekample,
using the tractor and bullock coefficients of his surveyresents
calculations of how many days would be required to complieeéd
preparation and sowing for the average tractor or nortreéarms of
his survey. On average, for the 19 crops considered, trataoms
should be able to complete field preparation and sowingxacty half
the time required by bullock farms (Umakesan, his Table 1i0)s also
clear that farms owning both tractors and bullocks should best
placed with respect to timeliness.

We have noted earlier, however, that there are very fewantsts
of yield advantages not related to fertilizer-use diffezes, nor do we
find the higher cropping intensities implied in the timmegs argument.
Unfortunately, only Kahlon's study in the Punjab quargsfithe actual
timeliness achieved by farmers in the field situation. Hisidence
(Table 10) shows frequency distributions of sowings in difnt time
periods for the four classes of farms studied. A roughlyn@nth
sowing period is split into four 2-week periods and each ¢elthe
table gives the percentages of the fields in a given farmscéwn in
each of the four periods. The right-hand side of the taldes the
number of observations. In those cases with more obsemst the
evidence is obviously more valuable. At the bottom of tleblé,
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average yields of the fields falling in each sowing time gpoare
presented, providing a measure of the cost of delays. sG®r data
for overall wheat, a rabi crop. This is thus the typical daatokopping
situation in which timeliness is assumed so important. Dilg
sowing from period 1 to period 4 implies a yield loss of ab@®
percent, but most of this loss is associated with delaypsnf period 3 to
4. For all farmclasses, sowing is delayed to period 4 in fhssn 15
percent of the cases. There is little evidence in Tabletadldndicate a
strong advantage conveyed by tractor ownership. It is tiha pure
tractor farms and tractor-hiring farms have only 3.9 and @eTfcent of
their fields delayed to period 4. But pure bullock farme @moing no
worse than farms owning both tractors and bullocks (13.d dr2.6
percent of sowings in period 4). Furthermore, all foursgasare able
to complete roughly a third of the sowings in period 1, in whic
tractor-owning farms should have the biggest advantagee Bhght
superiority of pure tractor and of tractor-hiring farmsipis to the
fact that these farmers are probably the best managers.what
follows, we will find more evidence for this.

Panels b and ¢ of Table 10 present wheat data for thogéeoms
separately where tractor farms have the biggest yieldaathge in
wheat (see Table 3). The picture is much the same. Pure buldod
tractor-cum-bullock farms have the highest and roughtua prop-
ortions of their sowings delayed to the fourth period andctoa
farms do not have higher proportions of these fields somvperiod 1.

Panel d shows the evidence for all paddy fields. The Bggéeld
losses are associated with delays to period 3, in which puwrldock
farms do no worse than tractor-hiring and tractor-cumtbeck farms.
In period 1 they do not complete as much as tractor-ownind a
tractor-hiring farms, but do better than tractor-cum-toek farms. In
maize in region 1, also a case of high yield differences ketwfarm
classes, bullock-only farms do better than tractor-cunhldak farms,
but worse than tractor-only farms. Only in American cott@nkharif
crop) do bullock-only farms do somewhat less well than toact
operated farms.

Why should the evidence not be in favor of substantial gams
timeliness? First of all, in each crop there seems to bevarsp period
of at least a month or 6 weeks during which yields do not idecl
substantially. In some very arid tracts, such as RajastBaoh a long
sowing period may not be available. The Rajasthan case tusked at
length by Jodha 1974, who attributes the very rapid spredddactors
to the fact that on these sandy to sandy loam soils with \smarce
rainfall, a safe sowing period is often only 5 to 6 days—whpults a
much higher premium on timeliness than is the case in theyhsails
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or irrigated tract$® We thus can conclude that timeliness of opera-
tion should be most important in dry areas with scanty ralinéad
shallow red and sandy soils.

The most important reason for failure of timeliness effets
show up in the empirical evidence may, however, be the smpl
economics of capacity utilization—a factor simply negkedt in the
timeliness debate. It is quite clear that the extent ofefiness in
operations achievable by a tractor depends on the amaofintactor
capacity.

On a 20-hectare farm, one may not be able to achieve aicerta
desired timeliness and intensity level with a 20-hp tracas a sole
power source, but a 35-hp tractor may be sufficient andOahp
tractor could achieve it very easily. But tractoostswill rise with the
increase in tractor power. The increased capacity of3behp tractor
is only available at a cost, and the "excess" capacitythef 50-hp
tractor may be very costly. But this applies equally tolbaks. Surely
there exists a number of bullock pairs which will achieve thmeli-
ness and intensity level of the 35-hp tractor. Assume iatbullock
pairs will do that, but that four are not enough. On theesthand 10
bullock pairs might be able to achieve the timelinesstlod 50-hp
tractor, but some of them might sit idle for much of the yeas. we
have seenabove, whether tractorwill achieve better timeliness than
bullocks is an empirical question of the cost of the reqdiocapacity
for any given timeliness and intensity level. If that costléss for
tractors than for bullocks, tractors will lead to gains iméliness, but
only if this is the case. The mere fact that the tractorfdaster and
stronger than a bullock pair does not guarantee timelnek is
interesting to note that even the most ardent holdersthef net
contributor viewwill usually stressthe need forhigh annual utiliza-
tion rates of tractors. Low operating costs can be achievely by
higher utilization, which can usually be achieved only byesthing a
given tractor over more area, thus reducing the capacityumér area
with negative effects on timeliness.

This argument has to be qualified somewhat. A tractor can be
operated in peak periods without a break from sunrisesupnset by

2810 a cluster of six villages of the arid district of Nagaulome, the number of
tractors increased from 10 in 1964-65 to 59 in 1973-7d.ohe of the more intensively
investigated villages, the number of working bullockscdined from 228 in 1964-65 to
102 in 1973-74; the number of tractors increased from 11 The average value of
fodder (saved) actually sold in 1973-74 was Rs.535 peudehold, the average expenses
on tractor hiring was Rs.556 per household during thmegear. Furthermore, during
1964-65 to 1973-74, cultivated land as proportion of fogeographical area of the
village increased from 86 to 94 percent. The cropping pattshifted away from more
drought-resistant and main fodder crops as tractors emduplanting of other crops
well within the safe moisture period (Jodha 1974, 1977).
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switching operators or even at night with light. Bulloc#s require
some hours of rest during the day. This fact may be an imgrart
reason for a cost advantage of tractor capacity overdzklicapacity,
and thus for gains in timeliness in extreme environmentshsas
Rajasthan.

The timeliness debate also neglects the factor thatethexist
many alternative ways of breaking power or labor botéleks. First
stationary machines—such as threshers or other hajwestessing
machines—can substitute for tractors as well as bullocksfarmer
who finds himself in a bullock bottleneck in the wheat-hasting
period may invest in a thresher rather than a tractor tdlenhim to
shift bullocks from threshing to field preparation. Theagsgive
investment in wheat threshers in the Punjab and other wigeawing
areas after 1966 supports this view. It may have doneemtorbreak
the important May-June labor peak than all tractors tategether?’
Threshing used to be done by bullocks, and the thresheus tt
released bullock labor from this task. Stationary engiweaild also
have eased the bullock power constraints via a reductioRes§ian
wheels and bullock-powered sugarcane crushers.

Second, new short-season varieties are usually giverheasnain
reason for the emergence of bottlenecks where they atlowble-or-
triple cropping for the first time. But short-season véide can also
be used to increase the turnaround time between cropseas avhich
have traditionally been double-cropped, thus easing, eatthan
creating a bottleneck. Third, farmers can shift to otherpsrwith
shorter growing seasons, although as we shall see belismay have
a cost. Finally, regions as a whole where rapid agrierd! develop-
ment takes place can import labor from stagnating areaselagonal
or permanent migration. This has been a pervasive phenomémo
all Indian areas which experienced the green revolutionaddition
to breaking the bottlenecks, the migration process hehpdistribut-
ing some of the benefits of agricultural developmentnfirothe richer
dynamic regions to the poorer stagnating ones.

Timeliness could, however, be reflected in a way differémm
yields and time of sowing. All farmers may recognize tlsses
associated with delays in sowing. Ifthey cannot seed byarmgtarget
date, they may—rather than sowing late and incurring aldyie
depression—switch to an alternate crop which, though ée&ssnom-
ical in general, has time to achieve its maximum yieldretbkough
sown in the later period.

If this adjustment mechanism to sowing delays caused Isyfifi-
cient power is a general phenomenon, we should obsertle lyield
difference between bullock and tractor farms for any giveopg but
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tractor farms-would have a cropping pattern favoring Hdg-valued
and longer-duration crops. This we will investigate lretnext section.

Total Value of Crop Production

In terms of total value of crop production per hectareactor
farms have a substantially higher level of output than maator
farms (Table 1). The advantage seems large, but it candbe to
multiple causes. It is possible to split the total etfeinto four
components, as follows.

+ Percent change in intensity

+ Percent change in average yields

+ Cropping pattern effect (%)

+ Residual effec®

Total = Percent change in value of crop production percnepped
hectare?’

We have already shown that we cannot ascribe the observe
intensity changes or yield changes to the tractor, exciepta few
special instances. We have also seen that timelinegs dwt seem to
express itself in higher yields on tractor farms and haypothei/ed
that it might instead enable shifts in the cropping paitdowards
higher-valued crops. However, there exist at lease fpossible causes
for cropping patterns shifts between bullock, and toactarms—

- differences in irrigation
(ruled out in many surveys due to sampling design)

- power availability, i.e. timeliness

- capital or credit availability, enabling the plantimd more high
valued-high input crops

- greater managerial ability, enabling better percaptod the optimal
cropping pattern by the farm®r

- less need to produce fodder
(clear tractor effect).

2"EFor empirical evidence on this point, see R. Krishna. Alse Be Ahmad for the
demonstration of the capacity of threshers to break thest important labor and
bullock bottlenecks in the context of a programming sabmt A similar point is made
by Singh and Day.

287 formal derivation of the above result is given in Appendix The residual
effect is composed of interaction effects between inténsiield, and cropping pattern
effect. If tractor farmers also have a marketing advaetagg would also contain some
price effects since output is measured in value terms.

2°Note that value of livestock production is not includedrde

3%The ability to perceive optimal input combinations and tapal cropping
patterns and to adjust them quickly when prices and/echnology change has been
termed "allocative ability" by Finis Welch. The evidenod the effect of schooling on
allocative ability has recently been reviewed by SchultEor some evidence in the
Philippines, see Halim.
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We thus must first compute a cropping pattern effect andthe
see whether it is attributable to timeliness or fodder rddan (caused
by the tractor), or whether itis more likely caused by ieiigpn, capital
availability, or managerial ability—which would lead to apping
pattern differences even in the absence of the tractor.

Table 11 presents a crude measure of the size of the dngpp
pattern effect for those studies where it is likely to besipge.®* Ifit is
less than 5 percent, the effect is assumed to be indigtshg@ble from
zero, and these cases are not reported in Table 11.

Of the 39 cases in which it is possible and makes sense to etamp
a cropping pattern effect, these effects exceed 5 pearceronly 15
cases, i.e. in more than 60 percent of all cases, the croppattern
effect does not even exist and the tractor could not havetrébuted
to higher production per hectare via an impact on the cragpi
pattern. Cropping pattern effects are clearly not a general phenomenion.
remains to be seen whether, in the 15 cases where tractarsfdo
have higher output per hectare on account of cropping pmatter
differences, these effects can be attributed to the tracto

In the northern region comprisinBunjab, Haryana, Delhi Terri-
tory, Uttar Pradeshand Nepal Terai, cropping pattern effects are present
in nine instances. In Kahlon's study, they arise for th&@ ® compari-
son in region | and Il and all three comparisons for region IVis
hard to believe, however, that in region 1 and Il the cromppmttern
effects are positive because of tractor ownership, stheeeffect is not
present for farms owning both tractor and bullocks.

In region 11 the effect is an exceptionally large 75.6 petcéut
this is accounted for by the fact that tractor farms put dditional
third of their gross cropped area under potatoes, a high vaigk-h
cash input crop. It is also not clear why tractor cultiwatishould be
essential for this shift. Potato transport is a subséhngiroblem, but
unlike with sugarcane, speed in transport is not veryicait*?

In region | and Il it is difficult to pinpoint the precise use of
the cropping pattern effect. Area under fodder is subsé&diyti
reduced and wheat or rice area is increased. Reductionodddr is
clearly due to the tractor and is important in the case ofthern

3'The "crude cropping pattern effect" is computed as followsom the percent
increase in total production per net cropped area, the igitgnincrease of column 5 is
first subtracted. Then, a simple average is computed oftehar yield effects are
reported in the studies and again subtracted. This is erulut the best we can do
without much additional information. The residual inteteon term is neglected. Note
that with access to the original data it would be possildecompute cropping pattern
effects precisely, and this should clearly be done in fetwtudies. The resultant is
reported as the "crude cropping pattern effect.”

*2|tf farmers specialize in early potatoes, tractors may conmeyubstantial market-
ing advantage.
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farms which grow special fodder crops. This practice s lprevalent
in the east and south of the subcontinent where bulloclks raminly
fed on crop residues.

In the Delhi case, the cropping pattern effect is due to a
combination of increased use of HYV, additional high-valamps,
and fodder reduction. Only the last effect can be cleadiributed to
the tractor. In particular the shift to HYV does not aggty power
constraints, because HYVs are usually of shorter durativeaving
more timetill the next crop.

In the Nepal Terai, the cropping pattern information is sng,
but it looks as if a high cropping pattern effect was assediatvith
especially high difference in schooling; management may dre
important factor in reallocation of cropping patterns.

Guijarat: In this case, the cropping pattern effects in Dascroi and
Anand talug are again restricted to tractor owners; custi@mms do
not seem to benefit from it. Also the largest cropping patteffect is
associated with the largest schooling difference.

In Dascroi taluqit is difficult to pin point the precise reason for the
cropping pattern effect, although wheat and paddy are egpd. In
Anand, however, it is clearly due to the expansion of tobasnoan
additional 14.2 percent ofthe gross cropped area. Agdimg difficult
to see in which sense tractorization would be essentialegompt such a
shift. Furthermore, we noted earlier that in Anand tractarnfers
have a very clear advantage in terms of irrigation faahti which
leads to a cropping mix with more high-valued crops even ie th
absence of tractors.

In Karnataka a cropping pattern effect arises out of a combination
of an HYYV effect and an increase in cash crops, groundnuts]ieh
and cotton of 8.9 percent of the cultivated area. Since #Hrea grows
only one crop per year, it is not clear how the tractor can Held
responsible for the additional area under cash crops.

In Bihar andAndhra Pradesh,the cropping pattern effect, where it
exists, is probably caused by additional use of HYVs rathant local
varieties of rice.

An argument can be made that tractors lead to advantages i
marketing and that these may explain some of the shifts t@sraf
which a very high proportion is marketed, such as the potaste ¢n
region Il of Kahlon study of the Punjab or the tobacco casémdénd
talug in Gujarat. Unfortunately no study presents evidemce the
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differential advantage of tractors relative to bullocks trucks.
Another possible hidden source of benefits is the reductié use of
common pasture lands for bullocks which instead can suppuoote
sheeps, goats, or milk cattle. Such effects are externdh¢ofarm and
have not yet been studied carefully and deserve bettemttie in
future studies.

Unless the two sources of benefits just mentioned are vergela
we must conclude that we found few instances where thetor is
likely to have beema sine qua norofa cropping pattern shift. There is
one obvious exception, namely the reduction of area urfddder in
the northern areas of the subcontinent. Apart from tleagpping
pattern differences are more determined by differentaatess to
capital, irrigation, or human capital.

Tractor Utilization

Use patterns of tractors as reflected by data in the trasgoveys
are summarized in Table 12. The main conclusions follow:

1. Tractor utilization is very much related to farm sizdiisTcomes across
both within regions where larger farms have higher uaifian than
smaller ones (Government of Punjab, R. K. Sharma,ndaoiley and
Donaldson, Motilal) as well as across regions where theg®ns with
larger farm sizes have higher utilization rates than theoidh smaller
farm size (compare for example, Pakistan versus India ableT 12).

2. Small tractor farms rent out a higher proportion ofith®urs than
large ones (Government of Punjab, R. K. Sharma, Mclegrand
Donaldson, Motilal).

3. Tractor-rental markets appear weak in the Indian Purtyyana,
and Delhi Territory but fairly well developed in all othlexdian areas,
with Pakistan somewhere in betwe&nThis is not just a farm-size
effect, since the Gujarati farms—which rent out a sulisthamount
of hours—are not much smaller than the Punjab farms atudiy
Kahlon.

4. Tillage is by far the most important operation, both ommf of
owners as well as on farms hiring the tractors (Gujadat)most cases
it accounted for more than hall and often up to three-foudf the
total agricultural uses by the owner himself. (Column 2 % of
column 7).

5. Irrigation by tractors is important in the smaller Pbnjarms, in
Maharashtra, and in Chittoor district of Andhra PradeBhactors
are used for threshing in most regions except Chittooridistand by
owners in Gujarat). Sowing was nowhere an important use, a
interculture was not mentioned in any of the studies.

%3Nowhere, however, do they seem to be as developed as inl&hdiand Malaysia
as reported by Chancellor.
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6. Tractors are intensively used for transport, both foriadtural as
well as nonagricultural uses. Where evidence on bothagable, total
transport (column 6 + &xceeds 23 percent of all hours in evert casd
goes up to 42 percent in Chittoor district. Finally, thérlfalarge
extent of tractors for nonagricultural uses (sometime$edasocial
uses) should be noted. Clearly tractor owners must beviche
substantial consumer benefits from their tractors.

The utilization picture clearly supports the view of ttaczation
as a selective substitution process based on cost denaiion.In the
low wage environment, tractors have comparative advantages at operation
which require large amounts of power (tillage) and/or high speeds (transport).
They do not seem to have comparative advantage wherehaeit
running speed nor power are overwhelmingly importante(seg,
interculture, weed control, etc.). These operations tcrowme to be
done largely by bullocks and labor and it may indeed be toats of
the traditional methods are lower than tractor costs fer épportu-
nity cost of using the tractor compared with transport orihg it
out) ®*

Bullock Use

Bullock use has been measured in three ways in theseestu@s
decrease in bullock hours (flow measure), as decreasebuHocks
owned per hectare (stock measure), and as reductions irea®upf
expenditures on bullocks (including capital costs) percthee. A
comparison of flow measures with stock measures is ptessib
Gujarat and in Madhya Pradesh. Desai and Gopinath meagure
hours while Sharart al. use the stock measure. The first area in both
of these studies in Dascroi taluq, and the second areludes Anand
talug in both studies, although Sharanh al. also include a taluq in
another district. For tractor hirers as well as tractor owsnehours
decrease substantially more than stocks. SimilarlyMisra's study of
Madya Pradesh hours decrease by 82 percent while—on &nee s
farms—stocks decrease only by 50 percent. The greatetirdeof
hours than stocks is in line with expectations, since dbukk are often
maintained as a power source or for specificjobs where tomtinue

3%Engineers often advocate the use of tractors for many mmperations that can
be mechanized on the grounds that this would improve cidpaatilization. The
increased capacity utilization, however, is profitabler the farmer only if the marginal
cost of tractor use plus the average cost ofthe additionadhimes and implements falls
substantially short of the cost of performing the operatimy a combination of bullock
and hand labor. That a selective mechanization strategindeed privately optimal is
borne out by the programming studies of Singh and Day (191275). Clay gives
descriptive account of an early phase of a sequence wéstments. For evidence of a

similar selectivity of the operations covered in early manfzation inJapan, Korea, and
Taiwan, see Tsuchiya, 1972; Dong Hi Kim; and Weng Chieh Lai.
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to have comparative advantage, or as a back-up power solHence
the intensity of utilization of bullocks decreases in ghif to tractors.

In most of the area, bullock hours decrease by more tBan
percent for farms which acquire a tractor but continue toinmain
bullocks. The major exception is Karnataka, where houesraduced
by only 44.3 and 42.7 percent. Note that in this area ayertractor
utilization is an almost incredible 1718 hours per yearwbich 27
percent is rented out (Chandra Mouli, his Tables 14 and 15)

Bullock stock measures generally decrease by more thén 4
percent, which should correspond to decreases in hounmndre than
60 percent. The exception is the Sapre study in Maharashthich
reports a decrease ofonly 12.7 percent. The author doesiorenhat
it is difficult to work the deep black soils of the studyarmwith tractors
during the kharifseason, and attributes the high retentibmullocks
to this reason. This agrees well with the Karnataka blaoK area,
which has the lowest decrease in hours.

Labor

In the virulent debate about labor displacement of tragtor
advocates on both sides often confuse potential froral reffects.
Concern of tractors as labor displacing sometimes stemsfthe fact
that in developed countries agricultural mechanizatios hadeed
enabled massive labor displacement. However, we havesgei that
tractorization is selectively concentrated in opeoats where labor
displacement is not the primary effect. As long as wagesraemain
low there is little reason to expect tractors to gain cangiive
advantage in labor-intensive operations. However, aistéxg stock of
tractors represents an enormous labor-saving potémthach is likely
to be realized primarily when wages start to rise.

We will discussfirst labor per hectare, then the labor effects rof
investing the capital of tractors in an alternative ,used finally labor
per unit of output.

Labor per hectare: In the total of 58 bullock-tractor comparisons
reported, 19 have been tested statistically. In not weee differences
statistically significant, despite the fact that in onsecahe difference
was minus 22.6 percent and in another it was plus 24.4 mérce

Ofthe 58 comparisons, slightly more than half fall into tlaege
of minus 10 to plus 10 percent and can be regarded as imdjsish-
able from zero. In 29 percent of the cases there is a redoaif labor
requirements of more than 10 percent and in 19 percenteftases
there is an' increase in excess of 10 percent.

51



A first conclusion, therefore, is that thase of a tractor is
associated neither with an increase nor a decrease in lag®mer ha,
although evidence may slightly favor a decreasing effect.

There is also some slight evidence that tractor ownerskegdd
either to a larger decrease or to a lower increase in lalser per
hectare than tractor-hiring. Of the 42 tractor-owner comg@ns,
about one-third fall below minus 10 percent while of thé tractor-
hirer comparisons only 2 (12 percent) fall below minus dércent.

Those cases where labor use increases are large do eegome
special attention, Kahlon (1975) reports a 24.4-percardréase for
the 10 farms of region 2 in Table 3 (which specialize in pa¢ta).

In the Nepal Terai (Table 5) the largest increase of 27.8cemt
in labor hours occurs when bullock farms acquire pumpséts.these
BP farms acquire tractors, labor use decreases by 4.4 percehis
puts the increases in labor use between the pure bullodknsa
without pumpsets and the TO, TH, and TOP farms in perspectiv
Basically the same picture emerges from the Patel andl Batey in
Gujarat. Ownership of a pumpset is associated with a 32rzgnt
increase in labor use. An addition of a tractor leads to nhfeir gain
in labor use, and the large labor use increase in this d¢asan
irrigation, and not a tractor, effect. In West Godavari, aoréase of
17.4 percent in labor use occurs for the B-TH comparisoneigion 3,
but labor use for the B-TO comparison declines by 25.2 eerc

We therefore conclude that in all cases where there istsuial
increase in labor use by tractor farms, it is associatedhwshifts in
cropping pattern or irrigation, which are an outgrowth difet
improved overall capital availability rather than of theadtors per
hectare.

The largest decrease in labor hours (38.9%) is reported for
Pakistan by Mclnerney and Donaldson anbefore andafter study. This
case deserves particular attention. The World Bank foeahloans
for the purchase of tractors in the 45- to 55-hp class at tanbial
subsidies to the farmers. Smaller tractors were not cbersd,
whereas in India the most popular tractor size is in the t8035-hp
class. Land ceilings or tenancy laws in Pakistan did notteaiswere
ineffective and these 202 farms grew on average from 1&2oh44
ha, more than double their initial size. Intensity increaha¢ most by 7
percent and may have fallen in some cases. The additibarad was
acquired as follows: purchases (13%), increased rent{2§.6%),
reduction in land rented out (32.3%), reclamation and ioygment
(26.2%). Per tractor, an average of 4.5 tenants wereasgd. All this
happened within a 4-year period.

One should be careful not to attribute all these changes to
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tractors. 1966 to 1970 was a period in which new varsetend
changes in prices made farming much more profitable akigtan.
This in itself might have induced a trend towards owner ication

and land reclamation. However, it seems doubtful thathi@ absence
of the tractor the trend would have been as strong. Thatirly

large tractor size also put a premium on additional fagige.

It is noteworthy that not one of the Indian studies repatich a
large size increase. However only Chopra (Punjab) andaDesd
Gopinath (Gujarat) studied farm growth over time, andither
reports increases in size due to reduced renting outer€ exists,
however, some evidence that many Punjabi farmers had angtro
incentive to reduce the number of their tenants with thacément of
tenancy laws in 1966, and that the tractor might havenbeevelcome
means to achieve it.

The studies are nearly unanimous in terms of the shiftsabor
classes occurring with tractorization. Permanent laborréduced
substantially (fewer bullock drivers), while family lab generally
increases. Daily labor increases in most cases; evenPdl@stan study
reported such an increase.

Only Rudra finds that in a comparison of large bullock opeda
farms in 11 districts of the Punjab the decrease in dailyedalabor-
exceeds the—modest—decrease in the number of permanemnt-lab
ers.

The NCAER study reporteff-farm labor creationdue to tractor-
service and repair (not production). Three days of labor pa are
created annually in such activities, which is relativdbw.?> Farm
labor days per hectare vary from 31 in semi-arid Dholkéug to
around 60 in the Punjab, and a maximum of 1 80 in Muzafdgar in
Uttar Pradesh. Thus in every case a 10-percent reductnofarm
labor is all that is required to offset this off-farm elgment
creation, and in most instances less than 5 percent redndti farm
labor requirement will do it. Off-farm employment creéat by
tractors can only accommodate a very small labor displacenig
tractors on the farm. Finally, to interpret the changeslabor per
hectare, it is useful to also look at a decomposition stoafighanges in
labor input per hectare on average (tractor and nontrafarms) in
the Punjab. R. Krishna estimates that between 1968-69 B9tB-74,

%%The Narayana estimate of 9.3 days per hectare of cutddaarea appears far too
high, since it implies 105 labor days (8 hours) of repair wagrer year per tractor. If
three persons on average are working on a tractor whilésitn the shop, that would
imply 35 full days spent per year per tractor in the repaios. Given that certain
repairs like flat tire require only 2 or 3 hours, the nuerbof trips to the repair shop
must have been at least as high or even higher. It is hHarbelieve that farmers would
put up with such a high breakdown frequency.
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labor use in wheat alone declined from 555.7 to 464.1 hopes
hectare, a decline of 16.5 percent. Using a decompositiosecdan
labor coefficients for different operations, he decomgsthese
changes as follows:

Decomposition of the changes in Total Labor Input pertaez in

wheat: Punjab 1968-69 to 1973-74
Effect Man-hours/ha
1. Irrigation (additional area irrigated). ... ... ... . . + 16.28
2. Variety ... + 17.35
3. Tractor ploughing . ...... ... .. . . ... .. ... . .. ... . - 5.26
4. Irrigation Technology (switch to pumpsets) . . . .. - 34.59
5. Mechanical Threshing. ... .. .. .. .. ... ... . .. . .. - 70.58
- 14.81

Source: R. Krishna, Table 3, p. 280.

It is obvious that tractor ploughing accounts for a very Ema
fraction of the decline in labor use. Note, however, thatyomlough-
ing is considered and all other operations are assumedabe done
by tractor. Under this assumption, threshers have had ranfare
severe labor-saving effect. This is again because tracse has been
selectively concentrated on high power or high speed opemat®

Labor per Unit of Output and Foregone Opportunities for Employment
Creation: The fact that tractor farms do not use much less labor per
hectare than do bullock farms is often used to disarm tmacto
opponents who point to the labor-saving nature of tractdiswever,
this is not a correct view of the labor-displacement probleFirst of
all, in the Brief Overview Section, we have seen that eliéihces in
labor per hectare are correct measures of labor effectg amder an
extreme net contributor view which attributes all diffeces in
production per hectare to the tractor. Since we have beeable to
corroborate this view, and conclude that most of the initgnsyield
and cropping pattern effects were not due to tractdabor displace-
ment must have been substantially largés.nder the substitution view, the
upper bound for labor displacement would be the measafdsabor

%6To gain further insights into labor displacement by newcheology, this
decomposition method would be highly useful. Almost amactor survey, in fact,
generates the data required to apply Krishna's decomposifirodecure. In Appendix
I, the derivation of a simplified version of Krishna's methis given to illustrate how it
works.
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per unit of crop production. But since they are only upp®unds
and can be easily computed by interested readers, we dorepdrt
them in detail.

But this is not all. To judge the labor-displacing effecof
tractors, we must ask not only how much labor they displatéaosms,
but how much employment could have been created by invgdtie
additional capital (relative to that which previously was invested in
bullocks) elsewhere in the agricultural or in the nonizgltural
sector. What have been the foregone opportunities for emmlent
creation? It is clear, for example, that additional intresnt in canal
or well irrigation would havecreated additional employment rather
than leave it unaffected or reduced, as the tractor investmdid.
Investment of the additional amount of capital in relaliw labor-
intensive industries would also have created employmenhemathan
leaving it unaffected. To the extent that private investor govern-
ment had a choice of channelling the additional savingseshted in
tractors into alternative uses with positive employmaeaftects, we
must count this foregone employment as labor displaced by th
tractors.

The government could surely have discouraged tractor stive
ment by excise taxes and higher taxes on tractor fuels, pr b
discouraging official credit agencies from lending foetpurchase of
tractors. The question then becomes—what would be the ddasm
responses to these policies? Several cases need to binglisshed—
farmers who borrowed from official credit agencies mighave
reduced their overall borrowings and the credit agenwiesild have
had more funds to lend for pumpsets or other farm improvetse
More official credit could also have become available &oeas without
much tractor demand. Farmers financing tractors out ofrtloavn
savings could have reacted in at least four different ways:

—increase other farm investments;

—increase consumption;

—increase investments in savings deposits or other €imhnnstruments;
—increase direct nonfarm investment.

It stands to reason that each of these uses would have edreat
additional labor needs. Additional farm investment inrigation
facilities or fertilizer and seed inputs would have raiséarm
employment. Increased consumption would have tended toease
off-farm employment, since farmers tend to spend addisiloincome
primarily on labor-intensive commodities (see Melloglthough the
purchase of automobiles or jeeps as substitutes for dractis an
exception. Increased investment in financial instrutsewould have
made more savings available to the economy as a wholéd, direct
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nonfarm investment by farmers would have tended to conetaton
the labor intensive small-scale sectors. Itis thus likiélgt preventing
farmers from investing into tractors would have tended teate
more nonfarm employment than was created by the tractorsinve
mentin the relatively capital-intensive tractorindustry

Allied Enterprises

Few studies give any data on the difference between farmstype
the production of animal products or fruits and vegetablEghlon
(1975), Desai and Gopinath, and the NCAER (1973) includea da
investment in milch animals (Table 13). Kahlon's study af #unjab

TABLE 13: Milch animal densities and livestock output

A: Milch animal densities per hectare in the Punjab
B Pure Bullock farms 3.83
TH Tractor hiring farms 3.90
TO Pure Tractor owners 3.59
BTO Tractor farms with bullocks 4.03

Source: Kahlon 1975, Table 3.16

B: Per hectare investment (Rs.) in milch animals in Gujarat
Dascroi Anand Dholka
B Bullock farm 293 466 Not available
TH Tractor hiring farm 373 484 158
TO Tractor owner 283 270 64

Source: Desai and Gopinath, Tables 3.15 and 4.3

C: Milch animal densities and value of livestock in Uttar Pradesh
Milch animals Livestock output Number of
per hectare per hectare (Rs) farms
Bullock .33 333 11
B with pumps .32 260 19
Tractor + pumps .29 351 6
Tractor + pump + Thresher .43 418 24

Source: Computed from NCAER (1973) Tables 4, 14, 37, and 38.

includes the number of milch animals per holding (whiclveg a
correct picture in this size-adjusted sample). Milch-aailmensities
hardly vary across farm types; the lowest value is found omepu
tractor farms. In Gujarat the situation is similar. In Desi taluqg,
tractor owners invest equally with bullock owners in milchiraals, but
to a lesser extent than do tractor-hiring firms. In the ottweo areas,
investmentin milch animals by tractorowners is substdhtiass than
by the other farm types. In the NCAER (1973) study, milch naalis
and livestock output were reported on a per farm basis wiceadhbe
misleading since the sample is not size adjusted. The fgglimave
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been converted (Panel C, Table 13) to a per ha basis agdegated
over size classes (which contain sample sizes so small éheyof little
value individually). It can be seen that tractor farms lwithreshers
have higher milch-animal densities and livestock outphdn bullock
farms, bullock farms with pumpsets, and tractor farms witimpsets
but without threshers. Should we therefore, concludet ttheeshers
increase milch-animal density and livestock productio®? is it
equally likely that the farms which have all mechanicakthnology
items also have sufficient capital for more livestockoguction?
Anyway, the small sample sizes of the NCAER 1973 study pesd
difficulties in interpreting its results.
All three studies together provide little support for the

hypothesis that tractors result in farmers specialgzmuch more in
livestock production.

Power Tillers

The NCAER (1977) has recently conducted a large survey c
power tillers in five states of India. Power tiller produ@n in India in
1974-75 was only 2221, against an installed production tigpaf
10,000. No imports occurred. The cost of a tiller plus equepmis
approximately Rs20,000—which is very high. Tillers arestly used
for puddling in rice cultivation. Except for garden culéition, they
are generally not suitable for dryland cultivation. As withctors, use
is mainly restricted to land preparation and transport, leé for
irrigation is more frequent. It appears that power tillarmhs show
practically no gain in intensity, that power tillers astrongly bullock-
saving and that they reduce labor use per ha slightly ([§ab4). The
lack of intensity effect is consistent with the evidenfrmm Taiwan
(see footnote 17). Total crop output per hectar on powdetifarms
exceeds that on bullock farms by an astonishing 119 percehich
does not appear to be a cropping pattern effect but mainiiead
effect. It is unfortunate that input data are not giveneyttare needed
to understand the source of this incredibly large diffeze. Nor does
the study indicate whether the proportion of area under\Hdiffers.
A reanalysis of the data and some new surveys to verify yheld
impact of power tillers is needed, in particular since thedence
from Japan does not suggest that power tillers are yieldsingi
(Tsuchiya).

The NCAER study concludes that cqsr rupee of outputis about
15 percent lower on power tiller farms than on bullock farms§ven
that output per ha is 119 percent higher, this implies ttast per
hectare on power tiller farms is roughly 100 percent higher tham
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bullock farms. This cost increase is not broken down inddidonal
use of fertilizers, HYVs, pesticides, and tractor costs.eTdvidence
therefore does not yet permit clear conclusions regagdbutput
effects, as in the case of four-wheel tractors. Nevertselethere
appears to be little difference in intensity, bullock despement, and
labor-displacement effects between two-wheel and foure&lhtrac-
tors.

The NCAER attributes the slow growth in demand for thevpo
tiller primarily to its high price. In South-East Asia,tampts have
been made to construct and popularize power tillers simpdad
cheaper than those of Japanese design. Particular progras been
made in Thailand, where simple 7-hp power tillers sell fobat half
the price of those in India (Chakkaphak).

The study of Ahmad (1977) on Bangladesh contains both tracto
farms and power tiller farms in an unknown proportion. Baower
tillers and small tractors must predominate because therame size
of the tractor/power tiller farms is only 0.6 ha and tractmmports to
Bangladesh have been extremely limited.The number oftordc
power tiller farms is only 60 relative to a total sample o94%rms and
these farms come from three different agroclimate zords
Bangladesh. The data are thus not ideal but may stille gdome
indication of the effects of power tillers.

All farms use enormous amounts of labor but the tractower
tiller farms use between 8 and 39 percent less labor thanbthkock
farm depending on the season and variety considered. Elleation
is statistically significant in three of the four case®nsidered.
Intensity on tractor/power tiller farms is 10 percentghéer (but not
significant). Fertilizer use is much higher—in three oéthour cases
the increase exceeds 50 percent—and is statistically Sganit. De-
spite this, tractor/power tiller farms have roughly idiemat or lower
yield per ha. Added fertilizer does not seem to be able tdyfu
compensate for lower labor inputs.

The two studies show results for power tillers which aregédy
consistent with those of the tractor survey. Intensity—aif all—
increases only marginally. Power tillers are clearlydedsaving, even
on a per ha basis, and do not tend to increase yields.

The evidence reported here puts in doubt the value ofcad+i
tural engineering programs such as that of the InternalioRice
Research Institute, which put heavy emphasis on the desigd
production of low cost power tillers. Wnere wages are as ksvin
Bangladesh or India even very low cost machines cannokema
substantial growth contribution.
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IV./ THE BENEFIT-COST
STUDIES

HE tractor surveys provide evidence that the net comutor

view of tractorization, except under exceptional cimstances,

is incorrect. We therefore have to expect that, on pyrag-
ricultural grounds, it would be difficult to show a substial cost
advantage of tractors. The benefit-cost studies addrbss question
and it is well known that some of them report very substnt
benefit-cost ratios. A critical examination of some oétmajor studies
is thus in order.

We will see that a bewildering variety of methods have besed
in the benefit-cost studies. However, the main methodécal divi-
sions relate closely to the Substitution versus Net Cadnittion debate.
Following Sapre (1969), two basic approaches to bensddt analysis
can be distinguished, with some authors making use ofhbbdr
comparison purposes. The first is th8ubstitution Methodwhich
assumes that everything a tractor can do can be done bypdksdland
hand labor. Basically it starts out from the point of vieWthe tractor
farm and computes the additional cost of bullocks and handodab
required to producethe output of the tractor farmwith bullocks and
hand labor and subtracts the savings in tractor costse &$timate of
bullock and labor cost is then regarded as the gross ben#fi
tractorization. This is a very appealing method becausis iusually
not so difficult to estimate tractor and bullock costs, lsitobviously
correct only if the substitution view is correct.

The Budgeting Method,on the other hand, corresponds to the Net
Contributor school. It attempts to quantify the additibnautput
made possible by tractors. In its extreme form it assumes il
observed differences between bullock and tractor farmsadteibuta-
ble to the tractor. Since this is unreasonable, it usudbcomes
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necessary to split the observed output differences intsdhattribut-
able to the tractor and those which are not, and this is whieeemain
difficulty of the budgeting method lies. Furthermore, ontke
observed output differences are split up into those attrable to
tractors and those not attributable, it becomes necessanplit up the
observed differences in labor and bullock use into compoésen
associated with those output changes which are attribletao the
tractor and those which are caused by other factors. Thedgkting
method is thus far more demanding than the substitution meth

The benefit-cost analyses make a serious attempt to battei the
output changes correctly. They obviously did not have tlenpara-
tive evidence summarized in section |Il available.Sapre and
Hanumantha Roa have used both the substitution and the dtumg
methods. When attribution of benefits is difficult, this wbusly
allows the authors to place lower and upper bounds on htsnahd
costs.

The assumption and the findings of some of the efforts a
benefit-cost analysis reviewed here are summarized in &ab%3®

On its left hand side, Table 15 first lists all the possilbenefits
and costs of tractors. The last item under "Bullock Sgslnindicate
whether the authors assumed partial or full replacementudifolbks
by tractors. In the depreciation and interest rows, theumes
lifetime of the assets and the borrowing rates for capita@ given
where available or applicable (when internal rates ofurat are
computed, borrowing rates do not have to be assumed).

In addition to substitution and budgeting method, studias be
distinguished according to the method used for estimatidgitional
net output under the budgeting method (see last row undeii-add
tional net output). Survey results are always used to pdevihe basic
input-output data. However, Desai and Gopinath, and Ahmad u
linear programming techniques to estimate potential toadenefits,
while Gotch and Yousuf use integer programming techniques

A third basic difference is the definition of the invesint
packade considered (Row 7, Capital). Most authors inclodéy the
tractor and implements. However, additional net outputhiah is
counted as a benefit in the budgeting method) is often predwith
the help of additional fixed and circulating capital such msmpsets
or fertilizers. If these capital items are costed at theribaving rate of

®’Some remarks in this section may appear critical of soménans, but they should
not be taken as such. It is only now, with the evidence aaclated by them and others,
that it becomes possible to disentangle some of the difficisbues andex postcertain
things appear obvious which were of necessity obscexeante.

38A complete survey of benefit-cost studies has not been mapted.
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capital only, this amounts to assuming that their rate ¢fire is equal
to the borrowing rate and any excess benefits of these ahpi¢ms
over and above the borrowing rate is attributed to the oactt is
more appropriate to include additional pumpset investmieno the
investment package, as Mclnerney and Donaldson do. Thiterlat
procedurewill lead to an over-estimation of theatesof return to
tractors only if the true rate of return to pumpsets exsedtat to
tractors. Finally, some authors do social benefit-co$tulations while
others do not. On the surface, it appears futile to compuntéy o
private benefit-cost ratios. Surely if farmers invest tiactors, they
must be privately profitable. However, there is still aneirest in
purely private benefit-cost calculations because we iaterested in
whether farmers invest purely on account of agriculturehdfits or
whether secondary considerations—such as ease of opasgtistatus,
consumer benefits, etc.—also play a role. All studies o$tchave
confined themselves to agricultural benefits, sinceesthenefits are
simply not quantifiable.

Social returns can be calculated on various assumptionsy- su
marized under row 9 in Table 15. Labor saving can be assiga
lower social value if there is little scope for employingetreleased
labor elsewhere. This tends to depress social benefitemfrthe
tractors. Foreign exchange can be valued more highlynthhe
controlled rates, which may lead to contradictory effedtstends to
raise fuel and tractor costs (unless fuels are heavilyedaxand the
taxes are not counted as a social cost), and thus reducesd denefits.
However, if a country discriminates against agriculture rieucing
output prices below world market levels (as Pakistan didhattime of
the Bashir Ahmad study), valuing output at internationaices and
at the opportunity cost of foreign exchange tends to raiee benefits
from tractors if the net additional output counted is larg2ther
methodological differences will be discussed study bydyt Finally,
note that all calculations have been done at pre-1973 fatdsr and
that at present fuel prices all net returns would be lower.

Hanumantha Rao computes a large set of internal ratestafrn.
Here only those for the 20-hectare farm are shown; foalsem farm
sizes, all rates are much lower. Private returns appeatyfaittractive
for the 20-hectare farm on labor and bullock cost savirigha
(substitution method). Note that Hanumantha Rao assumed f
displacement of bullocks. However, bullock displacemeras mot
been complete except in a few farms, and the rates of mretealized
by farms may thus have been lower.

Under the budgeting method Hanumantha Rao attributed ¢o th
tractor all differences in yields, intensity, and croppipattern found
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between bullock and tractor farms in the Farm ManagemdunodiSs.
The survey evidence now available indicates that thisxisessive. The
rates of return should thus be closer to those of the Sulison
method. Social returns of tractors with the more realistibstitution
benefits are still fairly attractive (between 9.75 and 5D9.percent),
depending on the wage rate assumptions. However, whealaec
lated at post-1973 fuel prices, all internal rates of retwalculated
with the substitution method are much lower than 12 perceamd
even with the favorable bullock replacement rates assumradtor
investment would be socially unprofitabfé.

Sapre's study, a pioneering effort, unfortunately is awdilable in
printed form. It extensively discusses the methodologissues and is an
unusually careful effort at attributing the additionatroutput properly.
For example, he counts as irrigation benefits ony thosasaaetually ir-
rigated by tractor and similarly for land reclaimed. Hisktagas easier
because tractors were introduced into a technologicalgmsant environ-
ment in Maharashtra. He confines his efforts to quantifyprivate net
annual benefits, which are Rs. 1,545 per tractor for shdstitution
method and minus Rs.1,122 per tractor for the budgetinghme (in
1966-67 prices). The substitution analysis shows higtenefits
because the output of the tractor farms could be prodwegd fewer
additional bullocks than were actually displaced by thactors.

However, even the modest net benefits are no longeristal
Farmers can no longer borrow at 6.5-percent interest rated the
limetime of almost 15 years estimated for tractors is sumecessive.
At interest rates of 10 percent and a 10-year lifespanradétbrs, net
benefits should be reduced by about RS. 1,500 per year, glirsg to
zero—even at the favorable fuel prices of the mid-ssti

Mclnerney and Donaldson find extremely high private ratés o
return for the 202 tractor farmers studied in Pakistan. Tkeeurns
are to a package of tractors and tubewells investments kwhimok
place over a period from 1966-70. The authors exclude y&dfdcts
and cropping pattern effects from the benefits of the ttwax, i.e. the
cropping pattern and rate of adoption of HYV is assumed ¢othe
one of 1969. Further, all outputs and current inputs areuedl at
1969 prices, thus the very substantial price rises of atdpare not
reflected in the rate of return.

The very substantial rates ofreturn derive from the outwbtch

®%Hanumantha Rao gives only benefit-cost ratios, rather tlinternal rates of
return for post-1972 fuel prices. All benefit-cost rasiéor the substitution method are
less than 0.55, thus internal rates of return must be leantthe 12 percent borrowing
rate assumed.

67



these 202 farmers produced on the additional land acquired a
from irrigation with tubewells. Recall that these farmsome than
doubled in size. We noted earlier that it is probablyilaly that all of
the land increase is attributable to the tractor, as astlsame of it
may be due to the general increase in profitability of fammduring
the period.

But even if only a fraction of the additional area increase i
attributed to the tractor, the benefits remain very largewHarge the
benefits remain can be seen from the so-called economiairne
which is 30 percent (not shown in Table 15). In this caltida the
"post-tractor" area of the 202 farms is regarded as aguotoarea, and
the net benefits from previously farmed land acquired is eainted
as a benefit. Only the net benefit from reclaimed land isihtited to
the tractor-cum-tubewell package (a substantial 26.2ceet of all
land additions). The "economic" rate of return to the paeka
remains a very attractive 30 percent, even though the Iasbhwing has
not been counted as a benefit at all. Since labor is wiliko have a
zero opportunity cost, the economic rate of return iokably an
underestimate, as is probably the case with the social odté4.1
percent, where the same zero labor valuation has been Udeel.only
difference between the economic and the social returthas interna-
tional prices have been used to value tractor investmeng|sfuand
agricultural outputs.

The substantial social rate of return to the tractoretubell
package is clearly caused by the opportunity for land aexdtion and
opportunity for tubewell irrigation.

Desai and Gopinath estimate additional net output, both by
survey and programming techniques. Of the three taluqslistl by
them only the results of Anand are reported. The authensort that
in the other talugs the returns are much lower, even under t
extremely favorable assumptions which they made. Furthoem
only results including receipts from tractor rentals ateown. With-
out renting, all benefits-cost ratios computed by the aushare
drastically reduced, most often below 1.0. This shows tleaiting out
of tractors is one way of securing more attractive ratesedfirn.

The benefit-cost ratio of 1.84, based on the survey, is @tsuntial
overestimate. It is derived by dividing the present valfialb benefits
of the tractor farms by the total tractor and equipment stweent. It
thus assumes that the rate of return to all other investsresuch as
irrigation and working capital—is equal to 10 percent, thertfow-
ing rate on capital. It further assumes that land rents egqaal to
market rental rates and that enterpreneurial rents are.zBefinite-
ly irrigation and working capital investment should alsavk been
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counted in the denominator. Tractors and implements gprex-
imately 66 percent of all the capital which should haveme&ounted
in the denominatof? Under this adjustment, the benefit ratio of 1.84
comes down to about 1.2. Since many of the working capitakst-
ments have high benefit-cost ratios, the one for the actvestment
must be even lower.

In the second Desai and Gopinath result and in the remainin
two studies, the additional net output of tractors is ctdted by
comparing programming solutions of tractor farms with tosf
bullock farms.

The internal rates of return derived in this manner by Desu
Gopinath and by Ahmad reflect special features of theirdels,
rather than high real payoffs to tractors. Desai and Goftinase the
input-output coefficients derived from the surveyed loek farms for
their model of the bullock farm and those of the surveyedctor
farms for the tractor farm model. This implicitly amounis assum-
ing that tractor farmers, if forced to return to bullock atabor,
would reduce their fertilizer and other input levels to dboof the
bullock farmers which is quite unrealistic for most cropsuch as
paddy or tobacco) grown on these farms. Furthermore, the- p
grammed tractor farms have 91 percent of their land irréglawhile
the bullock farms must do with 77 percent. Tractor farmsatewed
to spend Rs.27] per hectare on nitrogen, while bullockmf@ can
spend only Rs.214 and working capital is constrained t8R80 per
hectare for tractor farms while bullock farms must make with
Rs.2,500.

It is not surprising that in the final solutions, tractorre have
35 percent higher intensity and an average yield adwpmtaf 16
percent (computed from their Table 8.12). Nitrogen, amd power,
is the most severe constraint facing the programmed farnd i& is
thus impossible to regard the high benefit-cost ratios of 4s
attributable to tractoré!

The Two Pakistani studies by Ahmad and Gotsch and Yousef at
stages in a whole series of programming studies done wornte
guidance of Carl Gotch over a number of years. Ahmad's linea
program allows bullock farms equal access to HYV and fezeil
technology, thus both types of farms can use the same produc

“%Total investment would include tractor, implements,rigation investment,
fertilizer and manure, pesticides, and current expendésuon irrigation, tractor, and
bullock power. The approximate calculation is based oes® and Gopinath Tables 3.7,
7.1, and 9.2.

“'The adjustment of the benefit-cost ratio to total capitavested would already
bring this ratio down to around 2.5, even if all the otheasks in favor of the tractor
farms were accepted.
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processes. The internal rates of returns shown are thoseifoations
in which prior investment in tubewells has been made on bt
tractor and the bullock farmWithout tubewells, a switch to tractors is
unprofitable in the programmed situationThe assumption leading to high
internal rates of return to tractors is the peculiar bull@@straint.
When the farm initially acquires a tubewell, it is not alledv to
purchase additional bullocks to alleviate the clear lalbmttleneck
which arises from added irrigation. However, it is allow@dpurchase
a tractor. It might be equally or more profitable to add #drer
bullock pair to alleviate the power bottleneck, rather thanshift to
tractors. The tractor investment seems to have high retwrnd lead
to large intensity gains over and above the bullock farnut bhe
bullock farm is unable to exploit its tubewell fully on aeod of an
artificial power constraint.

That this artificial constraint on bullock investment isdieed the
source of the high rates of return is clear from the Gotcl &ousuf
study, which uses integer programming but is otherwise ittemtical
model of Ahmad's study. With integer programming, it is possible
to compute separate rates of return to different inveatsieHowever,
it is clear that the procedure only results in tractor @y other
investment) if the internal rate of return exceeds therboring rate
of 10 percent for fixed capital. From the integer solutiorbécomes
clear that the private internal rate of return must excdéd percent
for the 20-hectare tractor farm but must be lower than 15 ertrdor
the 10-hectare bullock farm. The results as published dbatlow us
to put an upper bound on the private rate of return in then@&tare
farm. However, it is clear that social returns to tractovdéstment on
the 20-hectare farm are less than 10 percent, which is messhthan
the 32 percent found by Ahmad. The reason is that the irteg
program chooses additional bullock pairs rather than ttesc to
overcome the power bottleneck created by the increasecweh
irrigation.

Linear programming efforts thus appear to suffer from a-ten
dency to grossly exaggerate the benefits and intensiigsgattributa-
ble to tractors. B. M. Sharma's 1975 study of Delhi territomhich is
not reported here in detail, also finds large intensitgréases in
programmed solutions, while his survey results indicabesuch gains
(his Tables V-1 to V-17). Similar problems arise in the pragiming
studies of Punjabi farms by A. C. Sharma. Most often thisseari
because, unknowingly, farmer behavior is constrained bgobent
looking constraints. Even fixing the farm size in adar program
makes it impossible for the linear program to hire addiib land
which a farmer definitely can.
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There is one large programming effort which is not revidwe
detail here because it is not aimed at calculating berfst ratios, but
aims at relating investment behavior of Punjabi farmever time
(Singh and Day 1972, 1975). It departs from the usual line:
programs in two ways. First it is dynamic, i.e. a sequentéirear
programs are followed over time, and second, it splits uphmaccal
operations into each of its components. The usual programgm
techniques specify crop-production processes for thetoafarm and
the bullock farm and require that all agricultural opempatifor a
given crop-production process be performed either by daké or by
tractors. Day and Singh, in a much more realistic effospecify
processes for mechanical operations such as land premaratseed-
ing, interculture, harvesting, threshing, pumping, etev&al alter-
native processes are specified for each, so that thregshfior example,
can be done by bullocks, tractors, or threshers. In this vayotptimal
program can choose an investment pattern such that eaehatipn is
performed by that technique which has the lowest cost ativerg
moment. These solutions capture in an impressive way #ectve
and sequential process of agricultural mechanization ia Hunjab
and show the clear rationality of the types of mechanmatand
utilization patterns reported here in Table 12.

The overall conclusion from the benefit-cost analysis iattbven
without counting the higher post 1973 fuel prices, mostesabf
returns and benefit cost ratios presented in Table 15 amresti-
mates of the true rate of returns to tractors. The Mclregrmand
Donaldson and the Gotch and Yousuf studies are notabtepions.
Most net benefits, both private and social, should probaidyclose to
the break-even point, either on the positive or negative sidd most
might be negative at the higher fuel prices of the lateesties. High
net benefits seem simply not to be achievable without @&wg@ansion,
and opportunities for such expansion or for massive laacdlamation
appear limited in the subcontinent. High private returne achieva-
ble by land acquisition from other farmers (as in the casethe
Mclnerney and Donaldson study), but in the absence oéttand
reclamation the social returns would be very low. Furthere, the
benefit-cost studies are also unanimous in that profiliapiof tractors
on small farms is very low (Hanumantha Rao, Gotsch; compalse
with Mclnerney and Donaldson). Small farms could increheaefits
by hiring out the tractors, but the survey evidence of farossng
hired tractors does not point to a great increase in nepoutfrom
tractor hiring on those farms.
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V. CONCLUSIONS

HE massive amount of empirical agricultural economires

search which has gone into the tractor issue in South Asia

ables a much clearer perception of the policy options abaé
to these countrie$? The tractor surveys fail to provide evidence that
tractors are responsible for substantial increases innsitg, yields,
timeliness, and gross returns on farms in India, Pakistand a
Nepal’® At best, such benefits may exist but are so small that they
cannot be detected and statistically supported, even weétty ynassive
survey research efforts. This is in marked contrast to nerietias or
irrigation, where anybody would be surprised if he failea find
statistically significant yield effects, even in fairly odest survey
efforts. Indeed, the fairly consistent picture emergifigom the
surveys largely supports the view that tractors are suliss for labor
and bullock power, and thus implies that, at existing andstamt
wages and bullock costs, tractors fail to be a strong engingrowth.
They would gain such a role only under rapidly rising pricéshose
factors of production which they have the potential tolaep.

In view of this Finding, many of the benefit-cost studiepoeted
may have overestimated the benefits, both social andapeiwhich
arise out of the agricultural uses of tractors (see below the

420ther investment or technology choice options are ameaabl study by similar
research techniques and provide high-payoff researphootunities for the existing or
emerging social science research capacity in these toes.

“3Proponenets ofthe net contributor view often argue that ¢hidence on tractors
is inconclusive, because it is not the power unit per seiohhincreases yields but the
implement going with it and that emphasis should be on inmpdets rather than on the
power unit. Unfortunately, little evidence exists on thield effects of implements at
the farm level. Furthermore, since most implements candbksigned both for tractors
and bullocks, it is not clear how this point should affgmtlicy decisions on tractors. It
also needs to be stressed again, as in the section onotradilization, that it may be
privately optimal for farmers to mechanize initially onlthose operations where
tractors have a comparative advantage even at low wagelde namely those which
require concentrated power and/or high speed.
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nonagricultufal uses). Except in situations where apdtects are
possible—or by renting or buying land from otherprivate returns to
tractors from agricultural operations must be close to zero, or even
negative at current fuel pricé$.

In the Indian subcontinent there are probably a few areas
remaining where tractors are a pre-condition for area espan by
reclamation. In very-arid tracts, such as Rajasthan,torascmay—for
a given cost—allow the cultivation of more land than candmne with
bullocks, thus also leading to an area effect. In the varyd areas,
speed of agricultural transport is also at a premium wbhempared
to more densely populated areas, thus further contributto a
comparative advantage of tractors there. These specasdes will
continue to provide attractive returns for tractor investry but
apply only to very limited agroeconomic zones.

The basic conclusion that, in the absence of area effeuis only
social but also private returns have been lower than fobgdmost
benefit-cost studies in the past, and that they are ekmmer now,
leaves a puzzle:Why have farmers in areas like the Punjab invested
massively in tractors and why do they continue to do so?

In cases such as the Pakistan Punjab, the answer is veay. clde
tractor made farm growth and self cultivation easier ahié bppor-
tunity was picked up in a massive way by the larger farsnunder the
increased profitability of farming during the late 1960 Further-
more, there was a massive subsidy on tractors in the datBes in
Pakistan, raising private returns substantially aboveiadognes. Ease
of self cultivation and opportunities for land expansioaredy also
played a role in India, although predatory farm growthtld type
observed in Pakistan was prevented by land ceiling andrney laws.
Unfortunately, the Indian studies do not generally ypide data on
farm growth of the tractor farm after tractorization occedr but
some scanty evidence of farm growth caused by tractors aslae **
It nevertheless is clear that tractors shift the cost atbge in farming
towards the larger farms and that they therefore inducessumes
towards increased concentration of landholdings in fet@&mds. This
is inconsistent with the stated goal of policy makers ih these
countries to achieve a more equal distribution of landhodd .

In India, rising wage and bullock labor costs must alsoreha
contributed to the private profitability factor, at least the late

““It must again be stressed that the findings of this surveg mot applicable to
environments with substantially higher wages and with gen land frontier.

“*In Jodha's (1974) Rajasthan study, in the most closelyneixad village, the total
area under tenancy or lease or sharecropping increasec ff6 ha in 1964-65 to 130
ha in 1973-74. The share of small farmers in total land casdedeclined from 54.8 to
11.2%, while tractor-owning farmers increased theirrehafleased-in land from nil to
76.5% during the same period.
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1960s—the period of most rapid tractor investment. Mosictor
investment was confined to areas with rising wage rates.sTfact is
also an indication that rising wage rates, usually pereéias "scar-
city" of labor, were increasingly contributing to the prteatractor
benefits. Of course, farmers cannot always find laborlhtimmes at a
fixed wage rate. Additional labor has often to be attractedm
outside an area by wage rate rises. If the rises needed hagh,
farmers may prefer to mechanize, but policymakers migtnsider
policies aimed at improving labor mobility.

Outright subsidies on tractors or interest rates playedsseterole
in India than in Pakistan. India even imposes an excise tax ol
domestically produced tractors.

The benefit-cost studies put no value aoanagricultural benefits of
tractors. To anyone who has ever worked on a farm it is clear that it i
nicer to work with a tractor than without. The often incrieledi
drudgery of farm work is not only reduced for the tractorvem, who
usually is the farmer or his son (who might not be interesied
bullock driving), but also for the rest of the family.

However, in an environment of stagnant or declining wadess
ofemployment may relieve landless laborers ofdrudgeuy ib clearly
increases rather than reduces their suffering. They hawemed to
perform the arduous tasks only because they were forced them
by lack of better alternatives. As long as population gtbwnd slow
growth of manufacturing and tertiary sector employmenttéone to
press on rural wages, reducing drudgery is not a social fitend
simply redistributes benefits from the poorest grodpsalready richer
strata of the rural society.

An additional nonagricultural benefit of the tractor is use for
nonagricultural transport, which provides consumer BEseand
sometimes nonagricultural producer benefits. It would beeaious
mistake to underestimate these benefits and the extenbwagricul-
tural uses by tractor owners (Table 12) should convincethat they
do value those benefits highly. Nor should we frown on those
benefits, as is done by many tractor proponents. Afterthl,ultimate
goal of any production is consumption, and if tractors pdevidirect
consumer benfits, what is wrong with that—as long as it ig ab
public expense?

It is also clear to most observers that big farmers sometimesst
in tractors and other machines in order to avoid what—in thei
judgment—are problems of labor management, discipline aoper-
vision, particularly in view of the fact that the highelding varieties
have led to increase labor demand and hence enhanced ttgaiba
ing power of laborers in the areas where most tractor investm
occurred.
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Given the nonagricultural benefits of tractors, tractiowest-
ments can occur even if the purely agricultural privatd henefits
are somewhat below the break-even point, although theonai for
public support of the investment disappears. The neglef these
benefits in benefit-cost calculations is unfortunate, badsily ex-
plained by the difficulty of estimating them.

The other main conclusion of the surveys relates to the lshor
ing nature of the tractor investments. That tractor farresegally do
not show much less labor use per hectare than do bullockdSatoes
not imply that they are not labor displacing. What countdiist, that
the frequently higher levels of output on tractor farms (@ccount of
their better capitalization) are generally produced bwagamounts
or even less labor. Second, even ifthe tractor investmefttemploy-
ment unaffected, we must count the foregone employmehtot
investing the additional capital required for tractorston
employment-creating irrigation or even nonagricultuialestments
as an employment cost of tractors.

Finally, it must be stressed that tractorization of agtfaue in the
subcontinent has not proceeded very far. It has been codfioethe
higher wage areas, such as the Punjab, or to the moreppross
coastal areas of Tamil Nadu and Andhra Pradesh. There is
evidence whatsoever that tractors have high benefit-c@dtos in
semi-arid zones or even in the eastern rice belt of thecsntinent.
Tractorization has further been largely confined to opieras such as
tillage and transport of all kinds in which either power running
speed give it a substantial comparative advantage. Inipaar it has
not yet been used for a host of highly labor intensive api®@ns such
as transplanting or weed control (in conjunction with Herdes).
Nevertheless the potential for such uses is there, as drerqtotential
laborsaving innovations such as combine harvesters, sttees, or
herbicides. Many of these innovations may be unprofieallr only
marginally profitable at present, but may quickly obta& cost
advantage after fairly modest labor cost rises. Takenetobgr, the
potential mechanical and chemical labor-savings innowasi will en-
sure a highly elastic labor supply from agriculture shtbwage rates
in the subcontinent start to rise due to vigorous nonaglticral labor
demand.

We therefore must expect that, even with rapidly growingolab
demands from the nonagricultural sectors, wages for uhs#ilabor

n(

will rise slowly. After wage rises we must expect substantial shifts of

private investment by farmers into labor-saving technglodhis
investment process is likely to generate a series of mgélion wage
rates. At each oftheseceilings the agricultural sectarill be able to
release massive amounts of labor without rapid risesvage rates.
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APPENDIX—A

A MINIMAL COMMON
FRAMEWORK FOR
MECHANIZATION RESEARCH

AKEN together, the literature on tractors in southern &si

shows that fairly simple farm level surveys combined hvit

straightforward analytical tools can provide powerfusights in
the productivity and income distribution consequencesgricultural
machines at micro-levels. Furthermore, surveys can tbhecsured in
such a way that the micro-findings can be meaningfully agated to
at least regional levels. It should be stressed that,ddi@aon to such
agroeconomic surveys, special efforts are now neededntesitigate
issues connected with the machinery-manufacturing seata with
the effect of mechanization on the laborers affected bgnth

THE MINIMUM SCOPE OF THE DATA

A machinery-consequences survey proceeds by identifyiBgjons
and subregions where machines have been adopted in guific
number to make the enquiry meaningful. Within this i@y, cluster
sampling techniques are used to identify villages orugr® of villages
in which the enquirywill proceed. Acensusof all households in this
cluster is taken, which, in addition to names and adé®sprovides
those pieces of information required to drawvstetified random sample
from the household list. This information includes maindasub-
sidiary occupation, size of land holding, irrigatiorvéds, education,
machinery ownership or machine use, and any other infation
which may bcome amrx antestratification variable. Completeness of
the census is essential for any later regional aggregationk.
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Stratification is then done according to mechanizatievels and
to land-holding size. Ifirrigation or other variables yagubstantially,
and are likely to lead to serious difficulties of interpation of the
results, additional stratifications have to be introddc It is essential
to include alandless labor samplén the scheme to estimate the incomes
derived by these groups from employment doing agricultura
operations—employment which might be lost if these giBrns are
performed mechanically.

For the random sample, the minimum data base includes the
following schedules:

1. Household member schedule
Containing demographic educational and occupationad.dat
2. Cultivation schedule

This schedule will most often be collected in seveminds over
one or several years. Information is collected and redatin a plot
basis where plots are contiguous pieces of land plamethd same
crop. To be useful in answering timeliness questionsddta must be
collected operation-wise with one line on the schedule dach
operation. Operations must be dated so that delays anddtound”
times can be estimated and labor use can be estimated dkrgra
off-peak periods. If possible, the schedules should betoocted so
that they can be analyzed by hand methods and/or direxiig-
puterized without transfer to coding sheets.

The first step in the analysis of the schedules is the -fiese
summary of the data, which adds up all inputs and outputsafo
season by category.The fieldwise summaries are fairly easy to
computerize whereas computerizing and analyzing the data is
usually a traumatic experience.

3. Animal care and tractor service schedule

The basic purpose is the collection of cost and labor requént
for draft animals and the fixed and variable costs arddaequire-
ments for tractor service and repair including frequerttme, and
labor requirement in tractor repair shops.

4. Asset schedule

Contains an inventory of machines, implements, animald a
consumer durables. The last item is required for anaysitata by
wealth class.

5. Plot inventory and crop rotation history over the past few years

This schedule is crucial to obtain information of timpact of
mechanization on cropping patterns, farm growth, amdl leeclama-
tion. It must be collected for all sample households, udchg non-
mechanized farms and landless laborers, since theelssmdhay have
become so only during the past several years. Also,ssinthe

These summaries are on the basis of the plot and noaqrer ha basis, because of
the need for aggregation at later stages.
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nonmechanized farms arc included, one cannot sort outqthestion
whether changes in cropping pattern were caused by the imashor
by common responses to changing prices or new varietiesyhether
land reclamation occurred only on mechanized or also on -non
mechanized farms.

Attempts can also be made to trace yields over time, but tlain
quickly become inaccurate. Some information can be extéd on the
same schedule, such as "when did you first use HYV's or figgilor a
machine?"

6. The supplementary income schedule

Collects data on all wage and nonagricultural incomes.
incomes from animal husbandry are not collected on sahed(3)
they have to be collected here. Agricultural labor incoimes to be
disaggregated by task. How many hours of ploughing, wegdin
harvesting, threshing; and at what wage rate.

MINIMUM TABULAR ANALYSIS OF THE CULTIVATION
SCHEDULE

Cultivation schedules can be analyzed in many ways, but two
crucial types of analysis are required:

(@) Timeliness and cost of delays.

The first author producing such tables was A. S. Kahlidwey
are partly reproduced in Table 10 of this monographkait serve as
an example of analyzing the effects of delays in weedinbaovest-
ing as well.

(b) Input-output relationships by farm type/farm sitass.

These input-output tables are basic to any further arsalysiich
as decomposition, benefit-cost analysis, linear pragnang, quadrat-
ic programming, regional projections, regression ang/yestc. They
are grouped by crop and can be organized as in Appendix Table

The individual cells in the input-output tables are alhysical
quantities or values per ha. The subtotals and totals vafees per
ha of gross cropped area in a given farm claggcause w, is the share
of crop i in gross cropped area. An exception is (EiSwhere g is a
value aggregate. The tables can be made as complicatedlesised.
For example one can break out only total tractor labor orakrtehat
down into field preparation, interculture, transport anar\esting.
One can also distinguish owned bullock and hired bullock risou
and can break down the labor hours by operation. When Kiteans
become very fine, it makes sense to split the tableso iseveral
subtables. Note that the input-output table can be ermkown only
to the level of the fieldwise summary discussed earlier.efiéh must
be a correspondence of the fieldwise summary with the imimnm
breakdown of the input-output table.
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DECOMPOSITION AS A MINIMUM ANALYSIS

Decomposition of output and labor-use differences mayobe
of the most powerful analytical tools to be used with mamization
survey data. The precise decomposition attempted will delpen the
local conditions and on the machines now used on meclkanand
nonmechanized farms. The advantages of decomposition @ver
gramming, simulation, or regression techniques derivenf its
computational simplicity because it can be done withimpde cal-
culator. It is essential for benefit-cost studies of thedgeting type
which requires attribution of benefits to machines. Figalit can be
understood by people with backgrounds widely diverse énnts of
discipline or level oftraining. Itis not competitive withome complex
techniques, but these should only be attempted where «cderp
facilities and concentrated analytical man-power makenthfeasiblée?

Output Decomposition into Intensity, Yield, and Cropping Pattern Effects.
The goal of this decomposition is to split up the outputfetiénces
observed between farms "with and without" certain machiry
"before and after" investment in certain machines intoiatensity,
yield, and cropping pattern component. Once that is dame can ask
much more precisely how each of these effects may haverarand
whether a particular machine was causal for achievementhef
effects. Together with information about differences imigmation,
cropping pattern, and yield-raising investment such edifizers, a
clear picture of the output effect of a given machine cawally be
obtained. In what follows, a mathematical derivation isen in a
continuous function framework. Of course, at the farm leoteserved
changes in cropping pattern (for example) are discrete, &mel
discrete case is discussed later. The following notati®musged:

Y;=vyield ofcropi P; = price of crop i

yi = Y;P, = values of crop i per ha (yield in money terms). As in the
input-output table, HYV and traditional varieties or ifri
gated and nonirrigated plots of the same crop are tdeate
as "different crops."”

gross cropped area

operated area

net cropped area

= fallow land = A - N

fallow land will be treated as crop number zero

mZ>0

2 Decomposition goes back a long way, at least to Minhastkv It has mostly been
used to analyze aggregate time-series data. What is pregosereis to extend the
analysis to decomposition across farm types as well.
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¢ = G/A = cropping intensity (alternatively ¢ could befided as
c* = G/N, but the extent of fallow is an important considera
in the mechanization debate in some areas).

A; = area under crop i

W; = A/G = proportion of gross cropped area under crop i

y = wy; = value of output per operated area. This is the yarkisti

of "productivity” of a farm class in meeting national pradion
goals.
s = w,yily. = value share of crop i in total value.
The decomposition of total output g goes as follows:
q=cy. =cZwy
I

Differentiating totally
dg=dcY wy, + ¢ wdy, + ¢ 3 dwiy (1)
1 ] ]

This equation can be converted intates of charge or proportional
charge by:
—dividing both sides of the equation by. g
—dividing and multiplying the second and third rightniuaside term
of equation Il by yand w, respectively.
<Y wiyidy, X wndw
i i
ﬂ _ dc Y wyyy + +
q cIwiyi <Y Wik €2 Wiy
| 1

After cancelling, we get the following expression

d d d d
_i=.i+25|_._ﬂ.+ zsl_‘i‘_ (|||)
q < i ¥i i Wy

@ (b) (©

The three right hand side terms measure the contribution
the proportional difference in output per ha of operatedaand
(a) intensity, (b) yield, and (c) cropping pattern chang&he yield
effect (a) is the share-weighted sum of the yield diffexes of indi-
vidual crops and the cropping pattern effect, (b), is share weighted
effect of the cropping pattern differences.

When converting this equation into discrete effects, tbHowing
notation is adopted. Let A and B be two different farm dgpor one
farm type "before and after" acquisition of a machine.

Let Xpo and Xg the levels of any measured variables in the two
farm types and define the proportional differences,

X,‘ - XB ﬁx

X'= o
X X
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where X = (X, + X;3)2, i.e. the mean of the variable among the two
types.* (Note that geometric means could be used instead of arithmetic
means-—i.e. X = VX,Xp). Thus equation 111 can be rewritten as
follows:

qQ =+ &'+ X Hw' +R {av)
[} 1

The R term is a "residual” or "interaction" effect which caa given
alternative interpretations. It is usually small andpiefer to regard
it simply as approximation errors arising out of the ®ki from the
continuous to the discrete case. It can be measured, amdoiflarge
relative to the other terms, helps provide a check onrispus effects.
The output decomposition is computed from and displayed
Appendix Table 2 which corresponds closely to the two inputput
tables of the two farm types compared.

A decomposition table displayed in this fashion can egivery
clear indications of the most important source of outpuffedences.
Ifit is intensity, irrigation data can be compared te skthe irrigation
difference is larger or smaller than the intensity diffeces. Large
yield contributions can be compared with fertilizer éév to see ifit is
machine or fertilizer that is the predominant source lbbé tyield
difference. And large cropping patter effects can be panmed to
capital and machine input data to see whether or not thepping
pattern difference was conditional on the machine. flaamer plants
more maize after acquiring a maize planter, the machimas casual,
but if output on tractor farms is higher because they plamore
tobacco, it is hard to believe that the tractor was aseesal precondi-
tion for the shift. Interpretation of these tables regsircommon
sense and knowledge of the farming situation in the afteat they
include no complicated techniques which are the exclegiveserve of
a single discipline.

THE DECOMPOSITION OF LABOR USE FOR A SINGLE CROP

Raj Krishna (1976) has shown how to decompose the lalser-
effect of several layers of interacting technologies inbe effects of
single components. His article also shows how to galiee that
approach to many crops and, as a last step, how to integthe
findings with standard interindustry input-output teblto get at the
indirect employment effect of agricultural technicalaciyes in other
sectors of the economy. This set of methodologies can &ed un a

31t is important to measure proportional differences witdspect to averagkvels
to keep approximation errors [the R term in equation (1Vdwl
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step-wise fashion. Below, the principle of labor decomyimn will be
shown in a simplified example for a single crop.

Operations can be divided into those where labor inputajsarea
dependent or (b) yield dependent. Let us consider only two, namely
ploughing as type (a) and threshing as type (b). If allestbperations
are performed in the same way on two farm types or "befand
after," they can simply be neglected. The following notatis used:

t = proportion of area ploughed by tracior
s = proportion of output threshed by thresher
Note that s and t are equal only in exceptional circumstances.

ur =labor per ha ploughed by tractor (operators)
ug = labor per ha ploughed by bullock
vg = labor per quintal threshed by thresher
vy = labor per quintal threshed by hand
Yr = yield per ha on area ploughed by tractor

e = yield per ha on area ploughed by bullock
Y. = average yield per hectare

Then Y. = 1Y + {1 — 0¥y V)
and labor use L for ploughing and
L= Uy + (I - l)UB + SVRY. + {] b S)VHY‘ (V[)

Holding all labor coefficients v and u constant and eiféntiating
(V1) and (VII1) totally in succession and aggregating mer leads to
the following equation:

dL = (ugp — ug)dt {a)
+ svg + {1 — s)vplYr ~ Yp)dt b (VII)
+ (vp = vyly.ds ()

Part (a) and (b) together are the effect of increasing pheportion
of area under tractor. The (a) part is the direct effecttmdctor
ploughing on the tractor operator and bullock driver. tP@) is the
indirect effect of tractor ploughing on threshing labor iwh occurs
if tractor ploughing increases yields (in the case ottoas, the yield
difference is often zero so that this term disappears, ibirrigation
were considered, the effect might be large). The (c) termthe
thresher effect which traces how much labor is disptacey the
thresher.

Equation (VII) can be translated into discrete termsrbplacing
dt and ds by At and As and by replacing s by s £{ss)/2 in the
(b) term. Unlike the output decomposition, transformatianto
proportional differences is not straightforward butdan be done
once all absolute effects are computed numerically.

Krishna's example is much more complex and considers two
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varieties, three irrigation levels, and bullock and tracfarms. For
individual country studies, the decomposition will haveb® worked
out depending on the local condition, but the derivatione straight-
forward. If desired, whole farms can be considered by cotipg
the labor decomposition for all crops—i.e. computing thel set of
dLi and its components. The total labor effect of all changere
then computed as follows, where L. is total labor use oe tarm

dL. = wadl, (V)
|

For individual components such as the tractor ploughindeaf
similar share-weighted sums can be computed as time andunmeso
permit.

REGIONAL AGGREGATION AND PROJECTION OUTPUT
AND LABOR EFFECTS

If clustered stratified random sampling techniques havesnbe
used, regional aggregation and projection is straightfardv and
proceeds directly from the decomposition analysis. Ratesdditional
machinery investment can be assumed or projected fromt gasa
and translated into regional At and As projections. They dsn
combined with regional benefit-cost analyses. Normativanfeworks
such as linear, dynamic, or integer programming can alsoubed
since the decomposition analysis presupposes knowledgel @oeffi-
cients required for these exercises. Computation of inctiremploy-
ment effects outside agriculture presupposes the extgteof suffi-
ciently disaggregated input-output tables and of expewrkt elas-
ticities of incremental income.
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APPENDIX—B

TRACTOR INVESTMENT AND TRACTOR POLICIES IN INDIA

Domestic production, imports, and total availability o&ttors
(Table B-l) indicate a slow rise of tractor investment wp 1965-66,

a rapid rise between 1966-67 and 1970-71, with a peak of 32,04
tractors in 1970-71. Thereafter investment declines toyo25,000

in 1973-74 and jumps back again to about 33,000 between -I874
and 1976-77.

From 1964-65 onwards, domestic production exceeds impaonrt
most years. Imports decline from 4,000 in 1967-68 to zerd9@6-77.
But between 1970-71 and 1972-73, imports jump massivelyaho
average of more than 8,000 per year for the 3-year span.oRed®r
this are explained in Table B-2. Prior to 1971, tractors wexempt
from import tax. In 1971 a 30-percent tax rate plus a 10%sexduty
was imposed. However, at the same time a gift scheme wnas i
operation which continued up to 1973.

Under the gift schemes, relatives or friends residing aldro
paying in foreign currency could send a tractor to a farmetnidia
exempt of all import and sales taxes. This explains the tredo@s
import activity between 1970 and 1973; in 1973, the schenmas w
stopped and all imports were banned.

The excise tax imposed on tractors by the Central Govermim
has been 10 percent since 1972. Note that thiswser than the excise
tax on fertilizers (and some other agricultural inputs) wiistarted at
10 percent in 1969 and was raised to 15 percent in 1972. Thiseex
tax is therefore not discriminating against tractors. Texeise duty is
levied on the ex-factory price, while the central sales imXevied on
the retail price at a rate of 3 percent until 1973, and 4 eetdrom
1974 onwards. This tax, a general revenue tax, is not disiarating
against tractors. State sales taxes now vary from 1 to 9 eperc
depending on the state. As shown in footnote (c) to Table, Bh2
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TABLE B-1. Import and Domestic Production of four wheel tractors.

Domestic* Total Nominal Price" Real Price!

YEAR Production Imports® Availability Index Base 1965 Index Base 1965
61-62 880 2997 3877

62-63 1414 2616 4030

63-64 1983 2349 4332

64-65 4323 2323 6646

65-66 5714 1989 7703 100.00 100.00
66-67 8816 2591 11407 118.78 106.10
67-68 11394 4038 15432 132.30 102.73
68-69 15437 2508 17945 133.39 104.01
69-70 18120 304 18424 134.14 102.43
70-71 20009 12032 32041 134.14 96.48
71-72 18100 9917 28017 143.57 99.44
72-73 20802 3077 23879 165.86 106.52
73-74 24425 574 24999 168.56 90.69
74-75 31088 652 33740 200.75 84.93
75-76 33252 2 33252 265.11 110.52
76-77 33146 — 33146

Source: ® Indian Society of Agricultural Engineers, Farm Machinery Directory,

1977-78.

® Mr. P.J. Zacharia, Personal communication on the basis of monthly statistics
of Foreign Trade of India, vol. 2.

°Mr. P.J. Zacharia, Machinery Division, Ministry of Agriculture and Irriga-
tion.

4 Based on wholesale price index of all commodities. Bulletin of food statistics,
Government of India.

TABLE B-2: Tax Policies on Tractors, Fuels and Fertilizers
Slate

Central Sales Excise
Excise Sales Tax on duty on

Exise duty on Import Tax on Retail Import diesel

duty Factory Duty Retail Price duty on fuel
on ferti- price of on Price of of diesel (Rs. per
Year lizers Tractors" Tractors Tractors Tractors fuel kilo-litre)

1969 10% 0 0 3% N.A. 100% N.A.
1970 10% 0 0 3% N.A. 100% 287.70
1971 10% 0 30%" 3% I, to 9%° 100% 287.70
1972 15% 10% 30%" 3% ', to 9%° 100% 287.70
197S 15% 10% Ban on 3% Y, to 9%° 100% 329.00
imports
1974 15% 10% 4% 1 to 9% 100% 329.00

N.A.: Not available.
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sales tax is lowest in the Punjab where most of the trachoestment
is concentrated—the rate is only 1 percent. In genehal sales tax
seems to be lower in those states with heavy tractor imuest.
Tractor fuels have been taxes at a 100-percent rate throuf e
period.

This tax is again not discriminatory, as it applies equatl all
diesel fuel, regardless of its use. Finally, there are somiaor taxes
on imports of tractor components which are not produced ddme
cally, but their total effect is smaller than any of ttexds discussed so
far.

The sharp fluctuations in total tractor availability aftéB71 (a
proxy for sales) appears to be primarily a reflection & thanges in
import policy and the impact of higher fuel prices aftae formation
of an effective OPEC cartel. Real prices of tractors in termf
agricultural commodities shows no definite trend betwek®65-66
and 1975-76.

In Table B-3, the all-India tractor stocks for the agultural
census years and the breakdown by states are given. In iaadit
tractor densities per 1000 ha of gross cropped area aesemted.

It is clear that by 1972 tractorization (with a total stodkabout
148,000) had not proceeded very far. Tractors are heavllycen-
trated in the Punjab, western Uttar Pradesh, and Haryamactbr
densities give an even better picture of the regional eoration.

The ranking according to tractor densities clearly coroasgs to
the extent in which a state has benefited from the gremmolution—
Punjab, Haryana, Uttar Pradesh, Gujarat, Tamil Nadu, aR&jan,
etc. Andhra Pradesh benefited more from the green revofuthan

Source: a) P. J. Zacharia, Cost Reduction of Mechanization Inpfet Improving
Agricultural Production, Machinery Division, Ministrgf Agriculture and
Irrigation, New Delhi, January 1976.

Also personal communication by Mr. Zacharia.
Excise duty on power tillers was set at 15% and was withdmaon December
2, 1977 (Economic Times, December 3, 1977).

b) In addition, an excise duty of 10% on landed cost wasasgd. From 1971
to 1973, a gift scheme was in operation which allowed thgport of tractors
free of all taxes and duties, provided the foreign extha was paid for by
relatives residing abroad.

c) In 1975 the State Sales Taxes on tractors for selectet@ssteere as follows:
Punjab 1%; Haryana 4%; Delhi and Rajasthan 5%; Andhra dPsa,
Gujarat, West Bengal, Uttar Pradesh 6%; Bihar, Kerala; 7Waharashtra,
Madhya Pradesh, Orissa 8%; Tamil Nad®4; Sales Taxes were therefore
the lowest in those States which accounted for the bulkrattor sales.

d) Indian Customs and Central Excise Tariffs, Vol. | and II.
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its rank 11 implies, but the green revolution was concatdd in a few
coastal districts with the rest of the state hardly benefjtat all.

TABLE B-3: Four-wheel tractors used for agricultural purposes

in India
all India

1945 . 4,500

1951 . 8,600

1956 .. 21,000

1961 . 31,000

1966 ‘e 54,000

1972 e 148,300
by States

Tractor density Rank based
State 1961 1966 1972 (no/1,000 ha) on density
during 1972

Andhra Pradesh 1,762 2,911 6,300 .4979 11
Assam 489 834 500" 1764 15
Bihar 1,520 2,132 5,600 .5242 8
Gujarat 2,005 3,284 7,900 .7953

Haryana" 4,850 18,400 3.645 2
Himachal Pradesh 4 33 300

Jammu & Kashmir 132 104 500 .5773 7
Karnataka 981 2,295 5,700 .5187 9
Kerala 276 418 1,500 .5071 10
Madhya Pradesh 2,025 2,513 5,000 .2393 14
Maharashtra 1,427 3,274 5,600 .3203 12
Orissa 194 667 1,800 .2556 13
Punjab? 7,866 10,646 42,400 7.407 1
Rajasthan 3,196 4,195 11,700 .6975 6
Tamil Nadu 1,387 3,278 5,400 .7083 5
Uttar Pradesh 7,139 10,139 27,600 1.19 3
West Bengal 330 1,548 700 .0963 16
Union Territories 283 702 1,400

Source: Various Issues of Statistical Abstracts of India.
®Haryana included in Punjab (undivided) in the year 1961.
PAssam has been split into several states between 1961 and 1971.
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