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I . / I N T R O D U C T I O N

T R A C T O R I Z A T I O N o f agr icu l tu re i n low-wage countr ies has
been the center o f one o f the most v i ru lent and emot iona l
choice-of-techniques debate fo r the past 20 years. It is there-

fore not su rp r i s ing that, apart f r o m spawning large quanti t ies o f
theoret ical-conceptual l i terature and a massive amoun t of part isan
w r i t i n g , i t has also led to a very substantial amount of careful
emp i r i ca l w o r k at the mic ro- and macro levels. In part icular , there are
now available a large number of farm- level t ractor surveys f r o m
pract ical ly every agrocl imat ic zone in the I nd ian subcontinent. How-
ever, many of these surveys are not easily accessible (masters and
Ph.D. theses) or not easily comparable. T h e ma in e f fo r t o f this paper
is to assemble the studies and present the i r f ind ings in a way wh ich
makes t hem comparable across agrocl imat ic zones. Whatever mer i t
this summary may have thus goes in large part to the patient (and
sometimes un reward ing ) e f fo r t o f the many researchers who assem-
bled the basic facts in i t ia l ly . Of course, they cannot be held responsi-
ble for mistakes or mis in terpretat ions wh ich m igh t have occur red in
the summar iza t ion process.

It should be clearly noted at the outset that conclusions reached
in this paper are conditional to the agroeconomic environment which is
studied. Wha t we observe on farms in the Punjab is caused by the
agrocl imate, the avai labi l i ty of land and i r r i ga t ion , the fa rm sizes, and
the factor prices. In a different environment—such as Africa—the
introduction of tractors must be expected to lead to different results. Conc lu -
sions f r o m South Asia are thus on ly transferable to those deve lop ing
regions wh i ch have s imi lar agronomic and economic env i ronments .

1





I I . / S U B S T I T U T I O N V E R S U S
N E T C O N T R I B U T I O N

T HE debate about the benefits of tractors has essentially been
between two apparent ly cont rad ic tory views:

T h e Substitution view looks at tractors and animals as two d i f -
ferent power sources wh ich technical ly are perfect substitutes, i.e. any
opera t ion wh ich a t ractor w i t h its imp lements can pe r fo rm is assumed
to be also feasible by a combina t ion of an imal power, an imal -drawn
implements , and hand labor. U n d e r this view the switch f rom an imal
power to t ractor power1 is p r i m a r i l y gu ided by factor prices (or factor
scarcities).

I f the o p p o r t u n i t y cost o f labor (measured ei ther by wage rates or
by man/ land ratios) and the cost of ma in ta in ing bul locks become
sufficiently h igh , i t w i l l  make sense to shift to tractors. As long as income-
d is t r i bu t ion impl icat ions are neglected, this w o u l d be the case both
f r o m the i n d i v i d u a l and societal points o f view. U n d e r the subst i tut ion
view, the low labor costs in the subcont inent are often taken as prima 

facie evidence that the t ime for a switch to tractors has not yet come. It
should be noted, however, that under the subst i tut ion view the
quest ion o f t ractors is p r i m a r i l y an issue o f appropr ia te t i m i n g o f the
t ractor investment. Th i s view is ent i re ly consistent w i t h advocat ing
tractors at a fu tu re date in the subcont inent when wage rates rise to
h igher levels, o r in o ther regions o f the deve lop ing w o r l d where h igh
wage rates and/or an open land f ron t ie r alter costs in favor of tractors.

T h e Net Contributor view of tractors, in its more ext reme forms,2

' W e w i l l  neg lec t t he issue o f sw i t ch f r o m h a n d l abo r d i r ec t l y to t rac to rs . O n l y i n a 
few m o u n t a i n areas is p r i m a r y c u l t i v a t i o n s t i l l d o n e by h a n d l abo r i n t h e subcon t i nen t .

See f o r e x a m p l e , G . W . Gi les 1969, a n d R o g e r L a w r e n c e 1970 i n the c o n t e x t o f
Pak is tan. T h e Pak is tan debate has been p a r t i c u l a r l y in tens ive w i t h S . R . Bose a n d E . H .
C l a r k e I I (1969) , J . C o w n i e , B . F . J o h n s o n a n d B a r t D u f f (1970) a r g u i n g against the
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argues that power is a p r ima ry constra int to agr icu l tu ra l produc t i on
almost regardless o f factor prices. T h e greater power o f tractors
allows more t h o r o u g h or deeper t i l lage than w i t h bul locks. T rac to r
machinery such as seeders, levellers, and in te rcu l tu re equ ipmen t also
achieve a h igher level of precision. B o t h factors w o u l d lead to h igher
yields. Fu r the rmore , tractors may be able to rec la im land wh i ch
cannot be operated by bul locks at a l l . Final ly, the h igher power and
speed o f tractors w o u l d al low more t imely operat ions, thus con t r ibu t -
i ng bo th to h igher yields and to a more extensive practice of double
c r o p p i n g . H i g h e r yields and double c r o p p i n g w o u l d lead to higher
levels o f ou tpu t , r e q u i r i n g more labor in operat ions not per fo rmed by
the t ractor. T h e t ractor cou ld therefore cont r ibu te to increased
p roduc t i on w i thou t necessarily d isp lac ing labor. T rac to ri za t ion w o u l d
be consistent w i t h emp loymen t objectives, even in low-wage countr ies.

T h e two posit ions are del iberately described in the i r ext reme
f o r m . However , i t is necessary to emphasize that the views, when
p rope r l y specif ied, may not be all that cont rad ic tory . Th e points of
agreement and disagreement between the views may best be i l lus-
t ra ted w i t h the fo l l ow ing example.

Suppose that, in an i r r iga ted area, wage rates and bul lock costs
are so low that it is economical to main ta in a very large labor force and
bul lock capacity w h i c h w i l l al low double c r o p p i n g w i t h timely opera-
t ions.3 I f the subst i tut ion view is correct, i t may be qui te some time
after bu l lock costs and wage rates start to rise before tractors become
the least-cost technique o f p roduc t i on . At constant o u t p ut prices the
sole effect of increases in wage and bul lock costs is an increase in p ro -
duc t ion costs, thus m a k i n g f a r m i n g less prof i tab le . Farmers w i l l  at-
t emp t to reduce costs by reduc ing i n p u t and o u t p u t levels, whi ch may
par t ly be in the f o r m of decreases in the labor force and bullock stock.
Prof i tab i l i ty of the second season c r o p may be affected f i rst and its
extent reduced, thus reduc ing c r o p p i n g intensi ty. T h e quali ty o f
o ther mechanical operat ions may also deter iorate. As labor and bu l -
lock prices cont inue to rise, tractors w i l l eventual ly become prof i tab le
and be subst i tuted for bul locks and for labor, thus m a k i n g produc t i on
costs less vulnerable to f u r the r wage and bu l lock cost increases.

I f , fo r some reason, t ractor investments were restr icted at that
stage, farmers w o u l d react to add i t iona l wage and bu l lock cost

views o f Gi les a n d L a w r e n c e . T h e Pakistan debate has la rgely been reso lved by the
studies o f C a r l G o t c h , Bash i r A h m a d , W a l t e r P . Fa lcon , M u h am m a d N a s i m a n d S h a h i d
Y u s u f (1975) . G . W. Gi les (1975) expresses the net c o n t r i bu t o r v iew in a less e x t r e m e
f o r m . In I n d i a t he net c o n t r i b u t o r v iew was f o r ce fu l l y expressed by S . S . J o h l , 1973.

' M a n y areas i n J a p a n a n d T a i w a n ach ieved d o u b l e - o r t r i p l e - cr o p p i n g l o n g be fo re
t h e adven t o f t rac to rs . I n B i h a r , f o r e x a m p l e , some b u l l o ck f a rms ope ra te a t a 2 0 0 %
c r o p p i n g in tens i t y ( T a b l e 8).
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increases by fu r the r reduc ing the i r labor and bul lock i npu t; the
qual i ty o f mechanical operat ions and intensity levels m igh t fal l
fu r ther . I n t r o d u c t i o n of tractors at this point may prov ide substantial
cost reduct ions wh ich (sti l l at constant o u t p u t prices) w o ul d make
f a r m i n g more prof i tab le , thus leading to a positive intensity and
o u t p u t response. T h i s more sophisticated substitution view, wh ich takes
in to account the ou tpu t effect of cost changes, thus agrees w i t h the net
con t r i bu to r view that p roduc t i on effects are possible; but i t w o u l d
insist that such p roduc t i v i t y responses to tractors, at the farmers' level,
are on ly possible i f the t ractor does indeed reduce p roduc t ion costs.

T h i s more sophisticated subst i tut ion view wou ld therefore argue
that t ractors can be an impo r t an t engine of g rowth , provided that 
animal power costs and wage rates are ruing.4 Since cost dif ferences
between techniques need not be large to induce a switch to tractors,
one w o u l d not expect large ou tpu t responses at the switchover stage.
On l y modest t imeliness and intensity gains m igh t be observed at that
stage. However , bu l lock and labor use reduct ions wou ld have to be
observable, since these cost components need to compensate for the
added capi ta l costs of tractors. I f this view is correct, we wou ld expect
to observe large output and intensity gains from adoption of tractors only if
tractor investment had somehow been retarded long past the stage when it 
initially gained a cost advantage. 

Thus , the net con t r i bu to r theory also fits i n to ou r example, and is
not as inconsistent w i t h the subst i tut ion view as in i t ial ly imp l ied . T h e
net con t r i bu to r view wou ld argue that, in o u r simple example, we are
l o n g past those bul lock and labor cost situations wh ich w o ul d permi t
the h igh t imeliness and intensity levels assumed in the in i tia l s i tuat ion,
and that the costs of an imal power and labor so much reduce the
pro f i tab i l i t y of f a r m i n g that i t does not pay to practice the h igher
w o r k qual i ty and intensi ty levels w i th the t rad i t iona l methods.5 I f we
were to place o u r example in a si tuat ion w i t h l i t t le i r r i ga ti on , the
con t r i bu to r view migh t argue that the cost of an imal power is so h igh
that i t makes investment in to complementary i r r i ga t ion unpro f i tab le ,
whi le t ractors cou ld suff ic ient ly reduce costs to make the comp lemen-
tary i r r i ga t i on investments prof i table.

T h e issues are empi r i ca l ra ther than theoret ical . T h e plan of this

4 T h e t r a c t o r i z a t i o n o f A m e r i c a n a g r i c u l t u r e i s a g o o d e x a mp l e . I n the absence o f
l abo r - sav ing i n n o v a t i o n , U.S. a g r i c u l t u r e c o u l d never have r e m a i n e d a n i m p o r t a n t
e x p o r t e r o f a g r i c u l t u r a l c o m m o d i t i e s . T h e wage-rate rises w o u l d have resu l ted i n a loss
o f c o m p a r a t i v e advan tage o f U.S. a g r i c u l t u r e on a cost basis.

' A l t e r n a t i v e l y , the net c o n t r i b u t o r v iew w o u l d have to d e ny the per fec t techn ica l
subs t i t u tab i l i t y o f b u l l o c k - a n d t r a c t o r - p o w e r e d ope ra t ions . I n v iew o f the h i s to r i ca l
expe r i ence o f J a p a n a n d T a i w a n , w h e r e h i g h y ie ld a n d in tens it y levels we re ach ieved
l o n g be fo re t r a c t o r i z a t i o n , th is pos i t i on i s un tenab le .
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paper is thus to review and compare, in Section I I I , the t ractor
surveys of o ther authors to see i f we observe the h igh y ie ld and
intensi ty gains and the lack, or even increase, in labor use wh i ch
w o u l d vindicate the net con t r i bu to r view. In Section I V , some of the
major benefit-cost studies are reviewed to see if t ractors lead to
substantial cost reduct ions.
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I I I . / T H E T R A C T O R S U R V E Y S

BE F O R E t u r n i n g to the evidence it is necessary to review in
some deta i l a few major methodo log ica l issues connected wi t h
t ractor surveys.

Methodological Considerations 

T h e methodo logy most of ten used in t ractor surveys has been the
cross-section comparison of various types of bu l lock-operated farms w i t h
various types of t ractor-operated farms at a given moment of time. O the r
researchers comp i led data for t ractor farms on ly , and j ud g e d the
i m p a c t o f t r a c t o r i z a t i o n on the basis o f before a n d after 
compar isons—wi th the before data inevi tably col lected on a recall basis
( M c l n e r n e y and Donaldson, Chopra , Sapre). Pudasaini collected data
bo th cross sectionally and before and after. Even in his study, however,
before and after data for the bu l lock-operated farms are missing.6 It is
clear that a fu l l comb ina t ion of both approaches w o u l d be most
power fu l , and it is d i f f i cu l t to unders tand why so few studies have
collected before i n f o rma t i on for at least the more easily recalled
variables, such as fa rm size and c r o p p i n g patterns.

T h e key object ion raised against pure cross-sectional compar ison
is that t ractor and bul lock farms d i f fe r in many o ther respects in
add i t i on to power source. T r a c t o r farms usually are larger than
nont rac to r farms. Farmers who o w n tractors can general ly be ex-
pected to be better endowed w i th product ive capital and to have a 
better access to c red i t markets. Th is is l i ke ly to lead to greater
per-hectare use of i r r i ga t i on and purchased inputs, and thus to
h i g h e r observed y ie lds and c r o p p i n g in tens i t ies . F u r t h e r mo r e ,
t rac to r -own ing farmers m igh t choose c r o p p i n g patterns which em-
phasize crops w i t h h igh re turns but wh ich requi re relat ively large

6Desa i a n d G o p i n a t h present some before a n d after farm-s ize compar i sons .
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amounts o f purchased inputs . These effects cou ld lead to h igher
p roduc t i on , h igher y ie ld , h igher intensity, and h igher labor i npu t
regard less o f the p r i m e source o f p o w e r — b u l l o c k o r t r a c t o r—
emp loyed .

Most invest igators have obviously been conscious of these con-
f o u n d i n g factors, and many have a t tempted to m in im ize t hem by
jud i c i ous choice of sample farms. Some investigators have chosen
size-adjusted samples by exc lud ing the smallest bu l lock farms and
sometimes the largest t ractor farms f r o m the i r samples7 (Kah lon
1975, 1976, Gove rnmen t of Punjab, R. K. Sharma, Grewal and
K a h l o n , M o t i l a l , Misra) . T h i s has, however, been d i f f i cul t in areas
where t rac tor density is st i l l low.

T h e Punjab ( Ind ia ) and Haryana (Tables 2, 3, and 4) studies, as wel l
as some others, have encountered few problems of c o n f o u n di n g w i t h
i r r i ga t i on because t ractor- and bu l lock-operated farms had essentially
equal access to i r r i ga t i on (Kah lon 1975, 1976, Gove rnment of Punjab,
Sharma, Mo t i l a l , Chand ra M o u l i , Umakesan, M a n d a l and Prasad,
Parthasarathy and Ab raham) . O the r studies, a t t emp t i ng to overcome
the i r r i ga t i on p rob lem by the sampl ing design, have d is t ingu ished
farms w i t h pumpsets or tube-wells f r o m those farms w i t hou t and
separate each f a r m class in to t ractor- or bu l lock-operated farms
(Pudasaini, S ingh and M ig l an i , N C A E R 1973, Patel and Patel). T h i s
leaves on ly a few studies where i r r i ga t i on remains an impor t an t
c o n f o u n d i n g factor (the Gujarat Studies (Table 6), S ingh and Singh,
Narayana, Pawar and Acharya) .8

T h e samp l i ng process cou ld not adjust for di f ferences in the use
of h i gh -y i e l d i ng varieties, fert i l izers, o r pesticides. However , most
wr i te rs have been carefu l in d o c u m e n t i n g these dif ferences. I t tu rns
out that in some areas the use of H Y V s is not corre la ted w i t h t ractor
use. In par t icu lar , there is l i t t le d i f ference in H Y V use in the later
studies of the Punjab, thus contradicting the hypothesis that HYV use and 
tractors are necessarily complementary, i.e. that there is a s t rong posit ive
in teract ion f r o m the i r j o i n t use (Government o f Punjab, K a hl o n 1976,
Singh and M ig lan i ) . In the r i ce -g row ing areas o f coastal A n d h r a
Pradesh and in B ihar , however, the use of H Y V rice seems to be more
closely associated w i t h t rac tor ownersh ip .

7 I n v iew o f the nega t i ve c o r r e l a t i o n be tween f a r m size a n d ou t p u t pe r ha (observed
in c e r t a i n areas o f the subcon t i nen t ) , a s a m p l i n g des ign w h ic h adjusts f o r f a r m size
seems to be ve ry i m p o r t a n t .

"So i l d i f f e rences be tween the f a rms s h o u l d n o t lead t o m u c h co n f o u n d i n g . T h e
stud ies have gene ra l l y selected v i l lages w h i c h have a f a ir l y l a rge n u m b e r o f t rac to rs , a n d
selected a m a t c h i n g n u m b e r o f t r a c t o r - o p e r a t e d a n d b u l l o c k- o p e r a t e d f a rms w i t h i n
each v i l l age , thus e l i m i n a t i n g mos t systemat ic so i l d i f f erences .
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Fert i l izers probably present the most severe c o n f o u n d i n g prob-
lem. In ex t reme cases, t rac to r -own ing farmers used up to 12 t imes the
rate of fert i l izers used on pure bul lock-operated farms (Pudasaini); in
most instances t ractor-operated farms used between 20 to 60 percent
more fer t i l i zer per uni t area. In c o m p a r i n g yields or total p roduc t i on
levels, caut ion must therefore be exercised. T h e best procedure is
probably the use of covariance analysis to remove the effect of
fer t i l izer (Kah lon 1975), o r o f fer t i l izer and other c o n f ou n d i n g
factors comb ined (Desai and Gop inath) .

One c o n f o u n d i n g factor wh ich has received l i t t le a t tent ion is the
qual i ty o f management o f the fa rm. I f t ractor owners be long to a 
more educated g r o u p than do bul lock farmers, they should achieve
h igher levels of p roduc t i v i t y f r o m any g iven resource base, w i t h or
w i t hou t tractors. Un fo r tuna te l y , on ly three of the studies present data
on this aspect, and they all repor t h igher levels of f o rma l educat ion
fo r t ractor farmers than fo r bu l lock farmers.9

Most of the c o n f o u n d i n g effects can be expected to exaggerate
the advantages of t ractors. In areas such as the Punjab where a 
negative cor re la t ion may exist between fa rm size and f a r m in g in ten-
sity, f a rm size cou ld wo rk in the opposite sense.1" But this opposite
factor can operate on ly in those smaller studies which do not use a size 
adjusted sampling frame. W i t h this except ion, we therefore must expect
cross sectional studies to exaggerate the benefits of t ractor izat ion.
Un fo r tuna te l y this advantage is not easily quant i f iab le.

It m igh t appear at first that before and after studies overcome most
of these confound ing effects. However, this is not always the case. One
p rob lem is that the before data must of ten be collected w i t h 3 or 4 years
of recal l , wh ich may be less rel iable.

Clear ly, the before and after studies do not suffer f r om con found -
i n g due to management bias. However , c o n f o u n d i n g due to i r r iga-
t i on , H Y V , and fer t i l izer use sti l l rema in . T h e M c l n e r n e y and
Dona ldson study in Pakistan is a s t r i k i ng example. Farms wh ich
acqui red tractors grew, on average, to two and one-ha l f t imes the i r
f o r m e r size. T h i s represents fo rmidab le problems o f in terp re ta t ion ,

9Parthasarathy and Abraham report a significant correlation between literacy and
tractor use (but not wi th age or tenancy). The Desai-Gopinath study allows the
construction of a schooling index of different types of farmers which, in two areas,
shows tractor owners to have about 20 to 30% more years of schooling than bullock
farmers, wi th no difference in the th i rd area (Table 5, Desai and Gopinath). A much
larger educational advantage, where two classes of tractor owners have twice as many
years of education than do the bullock farmers, is reported by Pudasaini. Note that
none of the studies reports extension contacts by farm class. Given the size and
educational advantage of farmers owning tractors, it is likely that they also have more
frequent extension contacts.

'"For a review of the farm size-farming intensity controversy, see Bharadwaj
Krishna.
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because it is not k n o w n to what extent that g r o w t h was caused by
tractors. T h e Green Revo lu t ion and fundamenta l changes in pr ice
relat ionships occur red in the same in terva l ; bo th may have con t r ib -
uted to the incent ive for fa rm expansion, in add i t i on to i n tr o d u c i n g
o ther c o n f o u n d i n g elements. It is therefore clear that before and after 
studies should inc lude a con t ro l g r o u p of farms of s imi lar in i t ia l size
to gain a real super io r i t y over cross sectional studies.11

A n o t h e r methodo log ica l advance wh ich has occur red over time is
statistical test ing. Mot i la l 's 1968-69 study f irst tested di f ferences
between fa rm types r igorous ly . We shall see that in many cases on ly
fai r ly large di f ferences are statistically signi f icant. I t is un fo r tuna te
that even in the late 1970's some studies do not repor t signif icance
tests.

Over t ime there has been considerable re f inement in d is t ingu ish-
i n g fa rm types. Ear ly studies looked on ly at bu l lock owners and
tractor owners (Grewal and Kah lon , Government o f Punjab, R. K .
Sharma, S ingh and Singh, Mo t i l a l , Umakesan). A f t e r 1970, many
studies in t roduce t r ac to r -h i r i ng farms as a separate category (Kah lon
1975, 1976, Pudasaini, Desai and Gop ina th , Sharan et al. , Manda l and
Prasad, Parthasarathy and A b r a h a m , Acharya, Narayana). As men-
t ioned ear l ier , others d is t ingu ish accord ing to ownersh ip of pumpsets
and tubewells. A lso the Kah lon (1975, 1976) study dist inguishes pure
t rac tor farms f r o m farms wh ich cont inue o w n i n g bul locks in add i t i on
to the t ractor . A m i n i m a l f r amework of data col lect ion and analysis
for fu tu re w o r k in this area is given in A p p e n d i x A.

A Brief Overview of the Evidence 

Table 1 presents a very b r i e f in i t ia l summary of the evidence of
al l studies for wh i ch the details are repor ted in Tables 2 to 9. For the
key per fo rmance measures, Tab le 1 classifies the di f ferences between
bu l lock-and t ractor -operated farms (h i red or owned) in to five size
groups and reports the frequency of observations in each of these size
groups. No te that each observation is a compar ison between a sample
of t rac tor and a sample of bu l lock farms repo r ted by the authors of
the studies rev iewed. For example, the en t ry in the intensity row and
the " - 3 0 to - 1 0 " c o l u m n is 3.2. T h a t means that in 3.2 percent of the
63 intensi ty compar isons repor ted , the intensi ty on t ractor farms was

1 0Mclnerney and Donaldson tried to do so, but encountered problems because of
an extremely restrictive definit ion of control farms—i.e. as those farms which applied
for tractor loans but could not obtain a tractor. A more liberal def ini t ion of farms of
similar size, regardless of tractor purchase intensions would, ex post, have been more
appropriate.

10



"Sometimes includes seeds, manures, and pesticides.
lower than on bul lock farms by between 10 to 30 percent. On l y results
of four -wheel tractors are summar ized in Tab le 1.

For intensi ty of c ropp ing , we see that 73 percent of observations
fal l in to the "no clear d i f ference" class of m inus to plus 10 percent.12

In almost 20 percent of the cases, t ractor fa rm intensities are h igher
by 10 to 30 percent. There may therefore be some intensity advan-
tage, but i t is not impressive, and detai led examina t ion of Tables 2 to
9 w i l l  be needed to see i f the modest di f ferences are indeed due to
tractors.

Y ie ld advantages seem at f irst to be more impressive. Of 107
compar isons, more than 50 percent of the dif ferences exceed 10
percent; in 15 percent of observations the y ie ld advantage exceeds 30
percent. Consider, however, that in about one-ha l f o f the repor ted
cases fer t i l izer use on t ractor farms exceeds that on bul lock farms by
30 percent or more . T h i s impl ies that the y ie ld di f ferences are clearly
not caused by the t ractor alone, and we must again look more
carefu l ly at the i nd i v i dua l studies.

T o t a l c rop p r o d u c t i o n per hectare is de f ined as the gross value of
c r o p o u t p u t d i v i ded by operated or net c ropped area. In more than
three- four ths of the cases i t is larger on t ractor farms by more than 10
percent and the di f ferences exceed 30 percent in almost one - th i r d of

1 2 Of these, 2 8 . 3 % fa l l i n t o the 0 t o - 1 0 % range w h i l e 4 6 . 3 % fal l i n t o the 0 t o + 1 0 %
range—i .e . , m o r e are pos i t i ve t h a n negat ive .

11

T A B L E 1. D i s t r i b u t i o n o f d i f fe rences be tween b u l l o c k a n d f o u r - w h e e l t r a c t o r fa rms .

Percent D i f f e r e n c e Less t h a n
- 3 0

- 3 0 to
- 1 0

- 1 0 to
+ 10

10 to
30

Grea te r t h a n
+ 30

N o . o f
observa-

t i ons
Percent o f observa t ions

I n t e n s i t y 63 0 3.2 73.0 20.6 3.20

I n d i v i d u a l
c r o p yields 107 0.9 7.5 39.30 37.4 14.90

T o t a l c r o p
P r o d u c t i o n 45 0 2.2 20 .0 46.7 31.10

Fer t i l i ze rs
etc.a 36 2.8 2.8 16.6 25.0 52.8

L a b o r 58 5.20 24.2 51 .70 17.2 1.70

L a b o r / U n i t o f
t o ta l P roduc -
t i o n 4 9 32.70 42.8 24 .50

"Somet imes inc ludes seeds, manu res , a n d pest ic ides.



the repor ted cases. We shall see that this impressive advantage is again
caused by a variety o f factors and par t icu lar a t tent ion w i l l  be given to
c r o p p i n g pat tern effects o f t ractors.

T h e two ex t reme ways of l o o k i n g at labor effects are both
repo r ted in Tab le 1 . T h e ex t reme net con t r i bu to r view w o u ld
at t r ibute al l d i f ferences between f a r m types in total p roduc t i on per
hectar to the t ractor , and not to add i t iona l inputs such as fert i l izers. I t
is assumed that i f t rac tor farms were forced to go back to bul lock and
labor operat ions, p roduc t i on per hectar w o u l d rever t back to that o f
bu l lock farms and so w o u l d labor use per hectare and bu l lock use.13

I f this were t rue , observed di f ferences in labor use per hectare
w o u l d then correct ly measure the labor effects of t ractors. We see
f rom Table 1 that the increases and decreases in labor per hectare are
fa i r ly symmetr ica l ly d is t r ibu ted a r o u n d zero, w i t h 51.7 percent o f the
repo r ted cases not d ist inguishable f r o m zero. T h u s i f the net con-
t r i b u t o r view were r i gh t , t ractors w o u l d not be labor d isp lac ing.

On the o ther hand , unde r an ex t reme subst i tut ion view, t ak ing
tractors away f r o m t ractor farms w o u l d not necessarily result in a 
decl ine in p r o d u c t i o n per hectare. T r a c t o r farmers, i f depr i ved on the
tractor , w o u l d t r y to ma in ta in part o f the i r ear l ier p roduc t i on level by
ma in ta i n i ng the use of fer t i l izer and o ther cash inputs close to the
levels achieved when they had tractors. T h e y w o u l d also have to buy
bul locks and h i re bu l lock dr ivers . Since p roduc t i on is ma in ta ined
close to the level achieved w i t h the t ractor , labor for al l operat ions
not p e r f o r m e d by the t ractor w o u l d stay the same and the addi t iona l
bu l lock dr ivers w o u l d be a net add i t i on to labor use. T h u s labor use
w o u l d increase beyond the level requ i red to produce the o ut p u t o f the
pure bu l lock farms w h i c h never had a t ractor . An upper bound on the
labor effect o f t ractors can be f ound by l o o k i n g at labor per un i t o f
p r o d u c t i o n ra ther than labor per hectare. T h i s is on ly an upper
b o u n d because increases in p roduc t i on per hectare are o f te r achieved
by increasing labor (or bu l lock use) by a lower p r o p o r t i o n than ou tpu t
is increased. For example , more intensive fer t i l izer use is l ike ly to
increase p roduc t i on by a larger p r o p o r t i o n than w i l l  more intensive
labor use.14

1 3 T h e ne t c o n t r i b u t o r v i ew w o u l d , o f course , have t o a r g u e th a t t he c o m p l e m e n -
ta r i t ies be tween t rac to rs a n d o t h e r i n p u t s such as fe r t i l i ze rs are such tha t , d e p r i v e d o f
t rac to rs , the t r a c t o r f a r m e r s w o u l d have t o g ive u p the use o f these o t h e r i n p u t s . Fo r
some i n p u t s such as fe r t i l i ze rs , th is v iew is a lmost a b s u r d .

1 4For e x a m p l e , i f a b u l l o c k f a r m s u d d e n l y uses m o r e fe r t i l i ze r, o u t p u t pe r ha
increases by a p r o p o r t i o n k . T h i s w o u l d r e q u i r e an increase in h a r v e s t i n g a n d
process ing l a b o r by the same p r o p o r t i o n k, thus increasing labor per ha. H o w e v e r , f ield
p r e p a r a t i o n a n d seed ing l a b o r w o u l d r e m a i n cons tan t , w h i le w e e d c o n t r o l l a b o r w o u l d
p r o b a b l y r ise by a p r o p o r t i o n w h i c h m u s t be less t h a n k . O v e ra l l l abo r pe r ha thus

12



Dif ferences in labor per uni t o f p roduc t ion can be compu ted
approx imate ly f r o m many studies by subtract ing f r om dif ferences in
labor per hectare the d i f ference in p roduc t i on per hectare.15 Results
are not repo r ted in the detai led tables, but are summar ized in Tab le 1.

I t is clear that t ractor farms have much lower labor inpu t per un i t
of o u t p u t and measured this way labor displacement seems to be very
large. We must note that, this is an upper bound on the labor displace-
ment , even unde r a pure subst i tut ion view. Fu r the rmore , i f tractor
fa rms genera l l y use m o r e th reshers or a l te rna t i ve labor -sav ing
equipments , the reduct ion in labor per uni t of ou tpu t cou ld have been
generated by these o ther innovat ions. The t r u t h must therefore be
somewhere between what labor per hectare tells us and what labor per unit of 
production reflects. 

The Organization of Tables 2 to 9 

To d is t ingu ish the fa rm types we w i l l use the fo l l ow ing symbols:

B Bullock farms
TO Tractor-owning farms
TH Tractor-hir ing and custom farms
P Pumpset- or tubewell-owning farms
C Canal-irrigated farms
TR Thresher-owning frms

T h e most impo r tan t combinat ions o f the above are:

BP Bullock farm with pumpset
TOP Tractor-owning farm with pumpsct
T H P Tractor-hir ing farm with pumpsct
T O B Tractor and bullock owner

Note that in studies wh ich do not d i f ferent ia te accord ing to
i r r i ga t i on source, B w i l l stand for al l bul lock operated farms, regard-
less o f whether they do o r do not o w n pumpsets. S imi lar ly , TH and
TO inc lude all t rac tor h i r i n g farms and all t r ac to r -own ing farms
regardless of p u m p ownersh ip . Fur ther , note that in some areas B 

rises by a p r o p o r t i o n w h i c h m u s t be less t h a n k. Since o u t p u t pe r ha rises by k 
and labor per ha by less t h a n k, labor per un i t o f o u t p u t m u s l actually fal l . The observed
d i f f e r e n c e i n l a b o r pe r u n i t o f o u t p u t t h e r e f o r e consists o f a r e d u c t i o n caused by the
t r a c t o r a n d a r e d u c t i o n caused by the fe r t i l i ze r . T h e r e fo r e , the obse rved d i f f e rence
overes t imates the t r a c t o r ef fect a n d i s c lear l y an u p p e r b o un d .

15To see th is , w r i t e I t can be easily p r o v e d tha t

and sub t rac t ing percentage changes is an a p p r o x i m a t i o n to the above fo rmu la .
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farms also h i re some tractors. In the context o f each o f the studies the
dist inct ions w i l l be qu i te clear.

Tables 2 to 9 are organ ized as fol lows. For each study, c o lu m n (2)
lists the i tems compared . T h e first l ine in most studies has a B in
c o l u m n (2) and gives the absolute value of the variables for the bu l lock
farms in brackets. T h e f o l l ow ing l ines give the percentage d i f ference
between bu l lock farms and o ther f a rm types. For example, the l ine
B - T H in c o l u m n (3) o f Tab le 3 indicates that labor per hectar in the
Punjab is 4.3 percent h igher on t r ac to r - h i r i ng farms than on bu l lock
farms, w i t h the value of the bu l lock fa rm as the basis for the
percentage d i f ference. Or the l ine B P - T O P in the Pudasaini study
(Table 5 )—on the o the r hand—is calculated the percentage di f fe r -
ences w i t h the value of the BP fa rm as the basis. The basis for the 
percentage change is always the first mentioned farm. 

A l l Tables are on per hectare basis. H u m a n labor and bu l lock use
is measured e i ther in labor /bu l lock days or in labor /bu l lock years,
d e p e n d i n g on how the authors measured i t . Bu l lock labor is repor ted
in single bul locks, no t in pairs. In tens i ty means gross c ropped area
over net c ropped area in percent. T h e percentage differences of intensity
are relative to the intensity value of the bullock farms.1 6 V a l u e of
p r o d u c t i o n is in I n d i a n Rupees at January 1977 exchange rates. Yields
are given in quintals (the quinta l is 100 kg) per hectare. Ferti l izer use is
g iven e i ther i n kg o f p lant nu t r ien ts N P K app l ied per hectare, o r
value in Rupees of that app l ied per hectare. C o l u m n (8) is used for
var ious inputs, d e p e n d i n g on i n f o r m a t i o n available or useful. Labor ,
bul locks, and p r o d u c t i o n are measured per hectare of f a rm size.
However , f a rm size is measured sometimes as operated area, cu l t i -
vated area, or gross c r o p p e d area and the basis of measurement is
g iven in the table footnotes, wh i ch also list, fo r each f igure g iven, the
table or page n u m b e r where i t was f o u n d in the o r i g ina l source. Some
general notes on part icular features of each study are also presented in
the footnotes.

Whenever tests of signif icance have been repor ted by the authors
they are ind icated by * for signif icance levels of 0.05 and by NS for
di f ferences w h i c h are no t s igni f icant at the 5-percent level. O t h e r
signif icance levels were not considered. Whe re ne i ther * no r NS
appear, s igni f icant tests were not pe r f o rmed .

1 5For examp le , i f bu l lock farms have an intensi ty level o f 150% a n d the t rac tor farms
of 170%, the ga in in in tensi ty is 13.3% and no t 20%. T h i s corresponds to a 13.3% rise in
gross c r o p p e d area a n d t hus measures c o r r e c t l y t he increase i n area c r o p p e d . Some
stud ies ( f o r e x a m p l e N a r a y a n a ) r e p o r t i n t ens i t y as gross c ro p p e d area o v e r o p e r a t e d
area. As l o n g as fa l l ow l a n d i s i n s i gn i f i can t , t h i s w o u l d n o t lead to d i s t o r t i o n s .
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Cropping Intensity 

In areas where few oppor tun i t i es exist for f a rm size expansion,
the effect of add i t iona l power on c r o p p i n g intensity is of ten regarded
as a major potent ia l benefit , achievable ma in ly t h r o u g h fast cul t iva-
t i on between seasons. I t should be noted, however, that agr icu l tu ra l
systems have existed in the past and at present wh ich achieved
double-and even t r i p l e - c ropp ing w i thou t t ractor use.17

Punjab and Haryana: T h e Punjab and Haryana studies ( for Ind ia
and Pakistan) summar ized in Tables 2, 3, and 4 prov ide l i t tle suppor t
for the thesis that t rac tor izat ion is a major factor con t r i bu t i ng to
c r o p p i n g intensi ty. T h e gains repor ted are in the area of zero to 10
percent o f the c r o p p i n g intensity achieved by bul lock farms or p r i o r
to t rac tor izat ion. Negat ive intensity effects are also repor ted by
Kah lon . A statistically signif icant increase in c r o p p i ng intensity is
repor ted only for pure t ractor farms ( B - T O ) in strata 2 of the Ind ian
Punjab. Note however, that in that strata tractor farmers who also own
bul locks do not show any increase in intensi ty over bul lock farmers,
despite the fact that they are probably in the best power posi t ion.

T h e before and after study in Pakistan s imi lar ly shows an intensity
increase of on ly 7 percent. For reasons connected w i t h the phenom-
enal size g r o w t h of these farms (discussed in the footnote below),
this is probably an overstatement of the t rue intensi ty ga in.1 8 Since the
p r o p o r t i o n of sample farms o w n i n g tubewells increased f r om 45 to 60
percent d u r i n g the same per iod , the modest increase in intensity
cannnot exclusively be l i nked w i t h the t ractor izat ion process.

T h e largest intensi ty increase occur red in the smallest farm-size

17See, f o r e x a m p l e , the s tudy o f M a n d a l a n d Prasad w h e r e b u l l oc k fa rms achieve
2 0 0 % in tens i t ies ( T a b l e 9) . H i g h i n ten tens i t y levels we re ach ieved i n T a i w a n l o n g
be fo re t r a c t o r i z a t i o n . W e n g C h i e h L a i i n 1972 r e p o r t e d that i n 1961 the m u l t i p l e
c r o p p i n g i n d e x f o r T a i w a n was 186 w h e n the re were o n l y 3708 p o w e r t i l l e rs i n the
c o u n t r y ( Y o u T s a o W a n g ) . T h i s f i g u r e rose t o 21 ,153 a t t he e n d o f 1968 b u t the
c r o p p i n g i n tens i t y i n d e x in 1969 was a t a lmost the same l evel—184 .

1 8N o t e ( T a b l e 4 , Pane l 7 ) t ha t o v e r the s tudy p e r i o d f a r m sire g rew by 142%!. The
data co l l ec ted g ive the c r o p p i n g in tens i t y on the l a n d o p e ra t e d be fo re a n d af ter the
fa rms g rew , b u t i t i s no t k n o w n a t wha t i n tens i t y the a c q u i r ed l a n d was f a r m e d be fo re
t rans fe r o f l a n d . T o j u d g e the i m p a c t o n in tens i t y o f a l l l a n d n o w o p e r a t e d b y the
t r a c t o r f a r m e r s , t he a u t h o r s mus t assume a level o f i n tensi t y f o r t he a c q u i r e d l a n d . I f
the f a r m sizes o f the f a rms f r o m w h i c h the l a n d was a c q u i r e d i s sma l le r t h a n o f the
a c q u i r i n g fa rms , these in tens i t y levels may d i f f e r substant ia l ly . B e f o r e l a n d a n d
t r a c t o r acqu i s i t i on , the f a r m s t u d i e d had a n in tens i t y o f 111 .7%. A f t e r acquis i -
t i o n , o f l a n d a n d t r ac to r , the in tens i t y was 119.3% M c l n e r ne y a n d D o n a l d s o n
show tha t i f t he a c q u i r e d l a n d h a d been f a r m e d p rev i ous l y a t 126%, in tens i t y o n the
to ta l l a n d area after w o u l d have r e m a i n e d cons tan t . Since the smal lest t r a c t or fa rms
were o p e r a t i n g a t 1 2 2 % in tens i t y be fo re a n d most l a n d was a c qu i r e d f r o m even smal le r
b u l l o c k f a rms , the poss ib i l i t y o f no change o r dec l ine i n t he in tens i t y i s very rea l .
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g r o u p (g roup one), and there is a decrease in intensi ty in farm-size
g r o u p three.

T h e on ly before and after study in the I n d i a n Punjab is by Chopra ,
who repor ts an intensi ty increase of 16 percent. T h i s intensi ty
increase is associated w i t h a 20.5-percent increase in net i r r i ga ted area
on these farms, w h i c h makes i t un l i ke ly that t ractors p layed a major
role in enab l ing the in tensi f icat ion to occur.1 9

We must there fore conc lude that tractors have not been a 
s igni f icant factor in in tensi f icat ion on t rac tor farms in Haryana and
the I n d i a n and Pakistan Punjab.

Uttar Pradesh, Delhi Territory, and Nepal Terai (Table 5): In this
geographic zone, the evidence rega rd ing intensi ty increase is more
compl ica ted . T h e D e l h i T e r r i t o r y study and the Muzaf fa rnagar study
repo r t v i r tua l l y no increase in intensi ty. However , in the Nepa l study
some intensi ty effects seem to be present. In this study we have bo th
cross-sectional compar isons between farms and over t ime compar i -
sons o f mechan iz ing farms.

Large intensi ty increases are repo r ted over t ime for farmers
acqu i r i ng on l y t ractors (36.1%) and farmers acqu i r i ng tractors and
pumpsets (51.1%). It turns out, however, that cross-sectionally these two
categories o f farms started ou t w i t h the lowest in i t ia l intensit ies and
thus caught up. Since they are the largest farms this may i m p l y that in
this area tractors do al low large farms to reach equal or higher
intensi ty levels than smal l farms.2 0 T h e cross-sectional di f ferences are
more modest, and those easily a t t r ibutab le to tractors ( B- T O , B - T H ,
BP-TOP) are a r o u n d 12 to 15 percent. No te also that pure bul lock
farms seem to be very m u c h starved of capi ta l . T h e i r fer t i lizer
expend i tu res per hectare are on ly about Rs.45, wh i le al l other
categories spend between 5 to 12 t imes this amoun t on fer t il izers.
Pure bu l lock farmers are also at a very clear educat ional disadvantage.

Gujarat (Irrigated Areas, Table 6): T h e three studies in Gujarat
p rov ide no suppor t for the hypothesis that intensi ty is dependent on
tractors. T h e Desai -Gopinath study and the Sharan et al. study bo th
cover A h m e d a b a d and Ka i ra d is t r ic t . In these distr icts, t rac to r - h i r i ng
farms show the highest intensit ies, w i t h t r ac to r -own ing farms hav ing

1 9 T h e inc reased area i s n o t i r r i g a t e d by the t r a c t o r as the c o m pa r i s o n o f i r r i g a t i o n
e x p e n d i t u r e s in T a b l e 6 shows.

2 0T h i s i s cons is ten t w i t h t he c o n c l u s i o n o f C h . H a n u m a n t h a Rao (p . 116) f r o m da ta
o f t he P lan E v a l u a t i o n O f f i c e f r o m Pun jab , A n d h r a Pradesh, H a r y a n a , a n d T a m i l
N a d u w h i c h i nd i ca te t h a t t he nega t i ve r e l a t i o n be tween i ntens i t y a n d f a r m size i s
steeper f o r b u l l o c k t h a n f o r t r a c t o r f a rms—i .e . t rac to rs do enab le large-size f a rms t o
achieve i n tens i t y levels usua l l y associated w i t h sma l l e r fa rms .
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equal or marg ina l l y lower intensi ty than bul lock farms. On ly in Surat
distr ic t do t rac tor owners show a statistically signif icant intensity gain
of 13.9 percent, but that is associated w i t h a rise in i r r iga t i on f r om 22
to 60 percent of gross c ropped area (i.e., a rise of 181%). In the
Tobacco zone, a 15.5-percent increase in c r o p p i n g intensity is as-
sociated w i t h pumpsets, wh i le a gain due to tractors alone is on ly 51/2
percent. (Patel and Patel).

Semi-Arid Tracts (Table 7 and 8): T h e semi-ar id areas comprise the
seasonally d r y t ropics where abundant ra in fa l l in short ra iny seasons
alternates w i t h fa i r ly l o n g d r y seasons d u r i n g wh ich c rop grow th is
dependent on stored soil mois ture or i r r i ga t i on . T h e red soil areas are
represented by Dho l ka T a l u q in Gujarat , wh i le the black soil areas are
represented by three areas of Maharasht ra , by Dharwar distr ic t in
Karnataka, and N a r s i n g p u r distr ic t in Madhya Pradesh, T he up land
areas I I I and IV i n West Godavar i d is t r ic t and Ch i t too r d istric t i n
A n d h r a Pradesh (Table 9) and Co imbatore T a l u q (Table 9) are also
semi-ar id , but the i r r i ga t i on percentages exceed 50 percent so they
are t reated separately.

In the semi-ar id areas, c r o p p i n g intensi ty o f bu l lock farms is
sl ight ly in excess of 100 percent and the intensity of t ractor farms is
not more than 10 percent greater. In the case of K u n d g o l T al u q in
Karnataka (a real khar i f - fa l low area), t ractor farms have a statistically
s i g n i f i c a n t l o w e r i n t e n s i t y (by 5.7%) a n d in Satara d i s t r ic t i n
Maharasht ra the t ractor farms have a lower intensity of 8.4 percent.
T h u s , evidence of gains in intensity due to tractors is lack ing in
semi-ar id areas. T h i s lack of gain in intensi ty in semi-ar id areas is not
so surpr i s ing . A f t e r a l l , c r o p p i n g is constra ined to one season by lack
of mois ture in these areas, and even a t ractor cannot change that.

Bihar: In the area s tud ied by Manda l and Prasad (Table 9) c r o p p i n g
intensi ty on bu l lock farms was h igh—200 percent. T h e r e is no
evidence that t ractors in such h i g h intensi ty zones lead to fu r the r
increases in intensi ty. T h e bott leneck seems to be the lack of o p p o r t u -
n i ty fo r summer c r o p p i n g , due to lack o f i r r i ga t i on facil i ties for that
season.

Andhra Pradesh: Parthasarathy and A b r a h a m studied canal- i r r igated
low- land areas (Zones I and I I ) w i t h intensit ies for bu l lock farms of
162 and 134 percent. I t also covers wel l -and tank- i r r iga ted up land
areas (Zones I I I and I V ) w i t h c r o p p i n g intensit ies o f 100 percent i n
bu l lock-opera ted farms. In none of these areas do t ractor farms have
h igher intensit ies than do bu l lock farms. T h e Narayana (1977) study
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covers a paddy -g roundnu t zone in Ch i t t oo r d ist r ic t . Here, t ractor
farms have an intensi ty gain of 9 percent over bul lock farms.

Tamil Nadu: Co imbato re ta luq is the on ly study f r o m T a m i l N a d u
(Table 9). I t represents the on ly case of statistically signif icant
intensi ty increase wh i ch cannot be shown to be due to h igher
i r r i ga t i on . In tens i ty on t ractor farms is 20 percent h igher than on
bul lock farms, but t ractor farms have on ly 58 percent o f thei r land
w i t h i r r i ga t i on facil i t ies; bu l lock farms have 68 percent. I r r i g a t i o n is
f r o m wells and substantial areas are under garden crops such as
frui ts, vegetables, or spices.

These studies taken together lend l i t t le suppor t to the hypothesis
that t ractors are an i m p o r t a n t factor in c rop in tensi f icat ion. In most
cases where substantial di f ferences exist, they cor respond to s imi lar or
larger di f ferences in i r r i ga t i on facilit ies. One exception is the study in
Co imbatore ta luq wh i ch shows a 20-percent increase in intensi ty
w i t hou t an increase in i r r i ga t i on . T h e o ther except ion is the larger
t ractor farms in Nepa l , wh ich seem to have been able to more than
offset an in i t ia l intensi ty advantage of smal ler bu l lock or custom-hi re
farms by purchas ing tractors.

Yield Effects 

No at tempt has been made to review exper iment station evi -
dence. A demons t ra t ion of y ie ld effects on exper imen t stations w i t h
sophist icated equ ipment has l i t t le value unless it is also accompanied
by a benefit-cost analysis wh ich takes account of add i t iona l costs. I f
add i t iona l costs do not fa l l short of add i t iona l re turns by a substantial
m a r g i n , there is no chance that farmers w o u l d adopt these y ie ld -
increasing techniques.2 1

Evidence presented by these surveys indicates that there are
many instances in wh i ch t ractor farms do have h igher yields than
bu l lock-opera ted farms (Table 1). O n l y three studies, however, pre-
sent statistical tests of the di f ferences of yields (Kahlon 1975, 1976,
Mo t i l a l , Chand ra M o u l i ) . O f 19 statistically s igni f icant y ie ld d i f fe r -
ences, 2 fal l in the range of m inus 10 to plus 10 percent, 16 are larger
than + 10 percent and 1 falls below - 10 percent. It is thus safe to

2 I G . W . Gi les (1975) presents a s u m m a r y o f o n - f a r m t r ia ls w i t h i m p r o v e d
b u l l o c k - d r a w n e q u i p m e n t s c a r r i e d o u t i n I n d i a i n 1964-65. S ix ty n o n r e p l i c a t e d t r ia ls o f
a seed c u m f e r t i l i z e r d r i l l r esu l ted in an average y i e l d gain o f 12 .5%, a d i f f e r e n c e not
stat is t ical ly s i gn i f i can t . E i g h t e e n n o n r e p l i c a t e d t ra i ls w i t h a maize p l a n t e r gave an
average y i e l d increase o f 4 0 % , b u t aga in the d i f f e r e n c e lacked stat ist ical s ign i f i cance.
F o r e x p e r i e m e n t a l ev idence that p o w e r t i l l e rs do n o t t e n d t o raise y ie lds i n Japanese
r ice c u l t u r e , see T s u c h i y a , 1972.
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assume that we must look, for dif ferences of more than 10 percent to
have a reasonable chance that they are statistically s igni f icant.2 2

Punjab and Haryana (Tables 2 to 4): R. K. Sharma, Kah lon , and
Mc lne rney -Dona ldson present y ie ld effects. In the Haryana study,
t ractor farms had a 7-percent advantage in wheat and a 13.3-percent
advantage in rice yields. However , they also used 44 percent more
fer t i l izer per cu l t ivated hectare and the modest y ie ld advance cannot
be regarded as a t ractor effect.

Of al l y ie ld effects repor ted by Kah lon , on ly the 1973-74 results
for the dom inan t crops in each area are inc luded. I t should be noted
that in 1971-72 and 1972-73 Kah lon f ound not one single statistically
signif icant y ie ld d i f ference between t ractor farms and bul lock farms
(wh ich at that t ime inc luded both t rac to r -h i r i ng and pure bul lock
farms). T h e wheat-y ie ld dif ferences are signif icant ly posit ive in re-
g ion 2, 3 and 5. However , in reg ion 2, they are conf ined to farms w i t h
bo th t ractor and bul locks, whi le in reg ion 3 they occur on ly on the
custom and pure t ractor farms, but not on the farms o w n i ng bo th
t ractor and bul locks. Final ly, when wheat yields were adjusted by
covariance analysis for fer t i l izer use, the y ie ld di f ference remains
statistically signif icant on ly for reg ion 5.

In H Y V rice, Kah lon f ound no statistically signif icant effects in
any reg ion in any year o f his i nqu i r y . Of the o ther major crops in
d i f fe ren t regions, maize dif ferences in reg ion 1 and the cot ton
dif ferences in reg ion 5 are statistically signif icant. Overa l l , the 3-year
study of K a h l o n shows pract ical ly no suppor t for posit ive yie ld
effects due to t ractor cu l t i va t ion .2 3

Mclne rney -Dona ldson show no y ie ld effect of t ractors in desi
r ice. T h e r e is also no effect on cot ton and sugarcane (not repor ted in
Table 4). However , it shows a 37-percent y ie ld increase in wheat and a 
61.3-percent increase in maize between 1966-67 and 1969-70. T h e
wheat and maize y ie ld dif ferences are associated w i t h a 17 percent
and a ten fo ld increase in fer t i l izer use respectively d u r in g the same
per iod .2 4 Fu r the rmore , for most of these farmers 1966 was the f i rst
year of use of the H Y V wheat varieties; the 1965 seeding to these

2 2 T h e t r a c t o r e f fect i s usua l ly n o t c o n f o u n d e d w i t h va r ie ty effects o r i r r i g a t i o n
ef fects, because most a u t h o r s d o d i s t i n g u i s h be tween desi an d H V V var iet ies a n d
be tween i r r i g a t e d a n d r a i n f e d c rops .

2 3O n e may a r g u e tha t y i e l d effects become avai lab le o n l y by the use o f m o d e r n
seed ing e q u i p m e n t , a n d we k n o w that i n most cases t r a c t o r fa rmers do n o t o w n such
e q u i p m e n t . H o w e v e r , i n r e g i o n 1 as m a n y as 8 1 % o f the t r ac to r ow n e r s do o w n a seed
c u m fe r t i l i ze r d r i l l used m a i n l y f o r wheat . B u t even in th is case, whea t y ie lds o f
t r a c t o r - o p e r a t e d fa rms are not stat ist ical ly s ign i f i cant l y h i g h e r in any o f the 3 years.

2 4 T o o m u c h emphas is s h o u l d n o t b e p u t o n excessively h i g h percen tage changes.
T h e y usua l ly o c c u r w h e n an i n p u t use on b u l l o c k fa rms i s p ract i ca l l y n i l . I n such cases,
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varieties in the whole of Pakistan totaled on ly about 5000 hectares.25

We w o u l d thus expect a y ie ld increase over the 3 study years f r o m
lea rn ing effects alone.

Uttar Pradesh, Delhi Territory, and Nepal Terai: In bo th U t ta r Pradesh
studies, t ractor farms have a y ie ld advantage in sugarcane and wheat
r a n g i n g f r o m 17.6 to 41 percent. Fu r the rmore , the y ie ld effects are
not con founded w i t h i r r i ga t i on , since the N C A E R study shows no
yield effect for B-BP comparison and a 20-percent yield effect for the
B P - T O P compar ison. T h e Singh and Singh study presents no data on
fer t i l izer use. In the N C A E R study, the largest y ie ld di f ferences
are associated w i t h 20 .5 -and 31 -pe rcen t increases i n f e r t il i z e r
use f r o m a n a l r e a d y h i g h l eve l o f 222 Rs. p e r hec ta re o f
opera ted area. These are substantial, bu t not massive increases in
fer t i l i zer use. However , y ie ld effects of 17.6 to 22.2 percent are also
associated w i t h no increase in fer t i l izer in the B - T O P compar ison.
T h e s i tuat ion is therefore far f r o m clear. T h e p rob lem is fu r the r
aggravated by the small sample size for the N C A E R study as a 
who le—on ly 11 farms in the B class and on ly 6 in the T O P class.

In a study no t repor ted in Tab le 5, S ingh and Chancel lor used
regression analysis on f ieldwise whea l and maize data of 26 farmers
f r o m Meeru t d ist r ic t . T h e y conclude that "The re is l i t t le evidence to
show that s igni f icant increases in c r o p yields can be effected by the
mere subst i tu t ion o f mechanical power for an imal power under
circumstances in wh ich the t imeliness or the qual i ty of work is not
changed" (p. 813).

In the D e l h i t e r r i t o r y and Nepa l studies (Table 5), y ie ld d if fe r -
ences vary between 10 and 30 percent (signif icant in the case of De lh i
t e r r i t o ry ) . Fer t i l izer is the most l ikely cause of the y ield di f ferences. In
D e l h i t e r r i t o r y , t ractor farms use 35 percent more fer t i lizer and in the
Nepa l case al l y ie ld di f ferences in excess of 20 percent are associated
w i t h more than s ix fo ld increases in expendi tures on seeds and
pesticides. Note also that in the De lh i t e r r i t o r y study, pear l m i l l e t has
the smallest y ie ld effect. I t is also l ike ly that this c rop receives the
smallest amoun t o f fer t i l izer . I n e i ther De lh i t e r r i t o r y or Nepa l , there
is l i t t le suppor t for a posit ive y ie ld effect of t ractors.

In Bihar, on ly summer paddy has a substantial y ie ld d i f ference
(28.6%). However , t rac tor farms use an add i t iona l 31.8 percent of
fert i l izers on al l crops taken together.

3 6

i t w o u l d be be t te r t o l o o k a t abso lu te i n p u t use d i f f e rences, w h i c h can be c o m p u t e d
f r o m the tables. T h e f e r t i l i z e r use on maize rose f r o m Rs.7.80 per ha t o a r o u n d
Rs.88.00 in t he above case.

2 5D a l r y m p l e , T a b l e 9 .



In Andhra Pradesh many y ie ld effects on i r r iga ted crops are
negative, except for desi paddy in the k h a r i f season in Region I I I and
H Y V paddy o f Region I V . In bo th these regions t ractor farmers use
36.3 percent more fert i l izers. Note fu r ther that in Region I t ractor
farmers use 64.9 percent more fer t i l izer but do not have h igher yields
in any c rop . One must therefore recognize that one cannot always
at t r ibute al l y ie ld di f ferences to di f ferences in fert i lizer use.

Coimbatore shows a yield effect of 23.9 percent for groundnuts, but
fer t i l izer use is also 28.7 percent h igher in that c rop , it is thus
impossible to a t t r ibute this di f ference to the tractor, in par t icu lar
because there is no y ie ld effect for the o ther two crops—cotton and
sorghum.

For al l regions comb ined , we are at best left w i t h 5 or 6 out of 118
instances where large y ie ld dif ferences remain in the absence of
equal ly large or larger dif ferences in fer t i l izer use. These studies fai l
to p rov ide much suppor t for the yield- increasing effect of tractor
cu l t i va t ion .

Timeliness

One of the benefits of t ractor izat ion most stressed by its advocates
is the gain in t imeliness achieved by tractors. Umakesan for example,
us ing the t ractor and bul lock coefficients of his survey, presents
calculat ions of how many days w o u l d be requ i red to complete f ie ld
prepara t ion and sowing for the average t ractor or nont ractor farms of
his survey. On average, for the 19 crops considered, t ractor farms
should be able to complete f ield preparat ion and sowing in exactly ha l f
the t ime requ i red by bul lock farms (Umakesan, his Table 10). It is also
clear that farms o w n i n g bo th tractors and bul locks should be best
placed w i t h respect to t imeliness.

We have noted ear l ier , however, that there are very few instances
of y ie ld advantages not related to fert i l izer-use dif ferences, no r do we
find the higher c ropp ing intensities imp l ied in the timeliness argument.
Un fo r tuna te l y , on ly Kahlon's study in the Punjab quant i f ies the actual
t imeliness achieved by farmers in the f ie ld s i tuat ion. His evidence
(Table 10) shows frequency d is t r ibut ions of sowings in d i f fe ren t t ime
per iods for the fou r classes of farms studied. A rough l y 2 -mon th
sowing pe r iod is spl i t in to four 2-week periods and each cell in the
table gives the percentages of the fields in a given f a r m class sown in
each of the fou r per iods. T h e r i gh t -hand side of the table lists the
n u m b e r o f observations. In those cases w i t h more observations, the
evidence is obviously more valuable. At the bo t tom of the table,
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average yields of the fields fa l l ing in each sowing t ime g r o up are
presented, p r o v i d i n g a measure of the cost of delays. Consider data
for overa l l wheat, a rabi c rop. Th i s is thus the typical doub le -c ropp ing
si tuat ion in wh i ch t imeliness is assumed so impor tan t . Delay ing
sowing f r o m per iod 1 to per iod 4 impl ies a y ie ld loss of about 20
percent, but most of this loss is associated w i t h delays fr om per iod 3 to
4. For al l farmclasses, sowing is delayed to per iod 4 in less than 15
percent of the cases. T h e r e is l i t t le evidence in Tab le 10 to indicate a 
s t rong advantage conveyed by t ractor ownersh ip . I t is t rue that pure
tractor farms and t ractor-h i r ing farms have only 3.9 and 2.7 percent of
the i r f ields delayed to pe r iod 4. Bu t pure bul lock farms are d o i n g no
worse than farms o w n i n g both tractors and bul locks (13.7 and 12.6
percent of sowings in pe r iod 4). Fu r the rmore , al l four classes are able
to complete rough ly a t h i r d of the sowings in per iod 1, in wh ich
t rac to r -own ing farms should have the biggest advantage. T he slight
super io r i ty o f pure t ractor and o f t rac to r -h i r i ng farms points to the
fact that these farmers are probably the best managers. In what
fol lows, we w i l l f ind more evidence for this.

Panels b and c of Tab le 10 present wheat data for those regions
separately where t ractor farms have the biggest y ie ld advantage in
wheat (see Tab le 3). T h e picture is much the same. Pure bul lock and
t rac tor -cum-bu l lock farms have the highest and rough ly equal p rop -
or t ions o f the i r sowings delayed to the f o u r t h per iod and t ractor
farms do not have h igher p ropor t ions of these f ie lds sown in pe r iod 1.

Panel d shows the evidence for al l paddy f ields. T h e biggest y ie ld
losses are associated w i t h delays to per iod 3, in wh ich pure bul lock
farms do no worse than t rac to r -h i r i ng and t ractor -cum-bullock farms.
In pe r iod 1 they do not complete as much as t rac to r -own ing and
t rac to r -h i r i ng farms, bu t do better than t ractor -cum-bul iock farms. In
maize in reg ion 1, also a case of h igh y ie ld differences between fa rm
classes, bu l lock-on ly farms do better than t ractor -cum-bul lock farms,
but worse than t ractor -on ly farms. On ly in Amer i can cot ton (a k h a r i f
c rop) do bu l lock-on ly farms do somewhat less wel l than t ractor-
operated farms.

W h y shou ld the evidence not be in favor of substantial gains in
timeliness? First of a l l , in each c rop there seems to be a sowing per iod
of at least a m o n t h or 6 weeks d u r i n g wh ich yields do not decline
substantial ly. In some very a r id tracts, such as Rajasthan, such a long
sowing pe r iod may not be available. T h e Rajasthan case is discussed at
length by Jodha 1974, who attr ibutes the very rap id spread of tractors
to the fact that on these sandy to sandy loam soils w i t h very scarce
ra in fa l l , a safe sowing per iod is of ten on ly 5 to 6 days—which puts a 
m u c h h igher p r e m i u m on timeliness than is the case in the heavy soils
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or i r r i ga ted tracts.26 We thus can conclude that t imeliness of opera-
t i on shou ld be most i m p o r t a n t in d r y areas w i t h scanty ra in fal l and
shallow red and sandy soils.

T h e most i m p o r t a n t reason for fa i lure o f t imeliness effects to
show up in the emp i r i ca l evidence may, however, be the simple
economics of capacity u t i l i za t ion—a factor s imply neglected in the
timeliness debate. I t is qu i te clear that the extent of t imeliness in
operat ions achievable by a t ractor depends on the amoun t of t ractor
capacity.

On a 20-hectare f a rm , one may not be able to achieve a cer tain
desired t imeliness and intensi ty level w i t h a 20-hp t ractor as a sole
power source, bu t a 35-hp t ractor may be suff ic ient and a 50-hp
t ractor cou ld achieve it very easily. Bu t t ractor costs w i l l  rise w i t h the
increase in t ractor power . T h e increased capacity o f the 35-hp t ractor
is on ly available at a cost, and the "excess" capacity of the 50-hp
t rac tor may be very costly. Bu t this applies equal ly to bullocks. Surely
there exists a n u m b e r of bu l lock pairs wh i ch w i l l achieve the t ime l i -
ness and intensi ty level of the 35-hp t ractor . Assume that six bu l lock
pairs w i l l do that, bu t that fou r are not enough . On the o the r hand 10
bu l lock pairs m i g h t be able to achieve the t imeliness of the 50-hp
tractor , bu t some of t hem m igh t sit id le for m u c h of the year. As we
have seen above, whether tractors w i l l  achieve better t imeliness than
bul locks is an emp i r i ca l quest ion of the cost of the requ i red capacity
for any g iven t imeliness and intensi ty level. I f that cost is less for
t ractors than for bul locks, t ractors w i l l lead to gains in timeliness, but
on ly i f this is the case. T h e mere fact that the t ractor is faster and
stronger than a bu l lock pair does not guarantee t imeliness. It is
in terest ing to note that even the most a rdent holders of the net
con t r i bu to r view w i l l  usually stress the need for h igh annua l ut i l iza-
t i o n rates of t ractors. Low ope ra t i ng costs can be achieved on ly by
h igher u t i l i za t ion, w h i c h can usually be achieved on ly by s tre tch ing a 
given t ractor over more area, thus reduc ing the capacity per un i t area
w i t h negative effects on t imeliness.

T h i s a rgumen t has to be qua l i f ied somewhat. A t ractor can be
operated in peak per iods w i t hou t a break f r o m sunrise to sunset by

2 6I n a c lus te r o f six v i l lages o f the a r i d d i s t r i c t o f N a g a u r alone, the n u m b e r o f
t rac to rs inc reased f r o m 1 0 i n 1964-65 t o 5 9 i n 1973-74. In o n e o f t he m o r e in tens ive ly
i nves t i ga ted v i l lages, t he n u m b e r o f w o r k i n g bu l l ocks de c l i n e d f r o m 228 i n 1964-65 t o
102 i n 1973-74 ; t he n u m b e r o f t rac to rs inc reased f r o m 1 t o 12. T h e average va lue o f
f o d d e r (saved) ac tua l ly so ld in 1973-74 was Rs.535 pe r ho u s e h o l d , the average expenses
o n t r a c t o r h i r i n g was Rs.556 pe r h o u s e h o l d d u r i n g the same year . F u r t h e r m o r e , d u r i n g
1964-65 t o 1973-74, c u l t i v a t e d l a n d a s p r o p o r t i o n o f t o tal g e o g r a p h i c a l area o f the
v i l lage inc reased f r o m 8 6 t o 9 4 pe rcen t . T h e c r o p p i n g p a t te r n sh i f t ed away f r o m m o r e
d r o u g h t - r e s i s t a n t a n d m a i n f o d d e r c r o p s a s t rac to rs e n s u re d p l a n t i n g o f o t h e r c rops
w e l l w i t h i n t he safe m o i s t u r e p e r i o d ( Jodha 1974, 1977).
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swi tch ing operators or even at n igh t w i t h l ight . Bul locks do requi re
some hours of rest d u r i n g the day. Th i s fact may be an impor tan t
reason for a cost advantage of t ractor capacity over bul lock capacity,
and thus for gains in t imeliness in ex t reme env i ronments such as
Rajasthan.

T h e t imeliness debate also neglects the factor that there exist
many al ternat ive ways of b reak ing power or labor bott lenecks. First
stat ionary machines—such as threshers or o ther harvest-processing
machines—can substitute for t ractors as wel l as bul locks. A fa rmer
who f inds h imse l f in a bul lock bott leneck in the wheat-harvest ing
pe r iod may invest in a thresher rather than a t ractor to enable h i m to
shift bul locks f r o m th resh ing to f ie ld preparat ion. T h e massive
investment in wheat threshers in the Punjab and other wheat -g rowing
areas after 1966 supports this view. It may have done more to break
the impo r tan t May-June labor peak than all tractors taken together.2 7

T h r e s h i n g used to be done by bul locks, and the threshers thus
released bu l lock labor f r o m this task. Stationary engines w o u l d also
have eased the bul lock power constraints via a reduct ion of Persian
wheels and bu l lock-powered sugarcane crushers.

Second, new short-season varieties are usually given as the main
reason for the emergence of bott lenecks where they allow double-or-
t r ip le c r o p p i n g for the f irst t ime. But short-season varieties can also
be used to increase the t u r n a r o u n d t ime between crops in areas wh ich
have t rad i t iona l l y been double-cropped, thus easing, ra ther than
creat ing a bott leneck. T h i r d , farmers can shift to o ther crops w i t h
shorter g r o w i n g seasons, a l though as we shall see below, this may have
a cost. F inal ly , regions as a whole where rap id agr icu ltu ra l develop-
ment takes place can i m p o r t labor f rom stagnat ing areas by seasonal
or pe rmanen t m ig ra t i on . Th i s has been a pervasive phenomenon in
all I n d i a n areas wh i ch exper ienced the green revo lu t ion . In add i t ion
to b reak ing the bott lenecks, the m ig ra t i on process helps in d is t r ibut -
i ng some o f the benefits o f agr icu l tu ra l development f rom the r icher
dynamic regions to the poorer stagnat ing ones.

T imel iness cou ld , however, be ref lected in a way d i f fe rent f rom
yields and t ime of sowing. A l l farmers may recognize the losses
associated w i t h delays in sowing. I f they cannot seed by a given target
date, they may—rather than sowing late and i n c u r r i n g a y ield
depression—switch to an alternate c rop wh ich , t hough less econom-
ical in general , has t ime to achieve its m a x i m u m y ie ld even t hough
sown in the later pe r i od .

I f this adjustment mechanism to sowing delays caused by insuf f i -
c ient power is a general phenomenon , we should observe l i tt le y ie ld
di f ference between bul lock and t ractor farms for any given crop , but
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t ractor fa rms-wou ld have a c r o p p i n g pat tern favo r ing h igher-va lued
and longer -dura t ion crops. Th is we w i l l investigate in the next section.

Total Value of Crop Production 

I n terms o f to ta l value o f c rop p roduc t i on per hectare, t ractor
farms have a substantial ly h igher level of o u t p u t than nontrac to r
farms (Table 1). T h e advantage seems large, but i t can be due to
mu l t i p l e causes. It is possible to split the total effect in to four
components, as fol lows.

+ Percent change in intensity
+ Percent change in average yields
+ Cropping pattern effect (%)
+ Residual effect28

Total = Percent change in value of crop production per net cropped
hectare.29

We have already shown that we cannot ascribe the observed
intensity changes or y ie ld changes to the tractor, except in a few
special instances. We have also seen that t imeliness does not seem to
express i tself in h igher yields on tractor farms and have hypo the i /ed
that i t m igh t instead enable shifts in the c r o p p i n g pat tern towards
h igher -va lued crops. However , there exist at least five possible causes
for c r o p p i n g patterns shifts between bullock, and t ractor farms—

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

- power availability, i.e. timeliness
- capital or credit availability, enabling the planting of more high

valued-high input crops
- greater managerial ability, enabling better perception of the optimal

cropping pattern by the farmer30

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

2 7For e m p i r i c a l ev idence on th is p o i n t , see R . K r i s h n a . A lso see B . A h m a d f o r t he
d e m o n s t r a t i o n o f the capac i ty o f th reshers t o b reak the mos t i m p o r t a n t l a b o r a n d
b u l l o c k bo t t lenecks in the c o n t e x t o f a p r o g r a m m i n g s o l u ti o n . A s i m i l a r po in t i s made
by S i n g h a n d Day .

2 8A f o r m a l d e r i v a t i o n o f the above resu l t i s g i v e n i n A p p e n d i x A . T h e res idua l
ef fect i s c o m p o s e d o f i n t e r a c t i o n effects be tween in tens it y , y i e l d , a n d c r o p p i n g p a t t e r n
ef fec t . I f t r a c t o r f a r m e r s also have a m a r k e t i n g advan tage , i t w o u l d also c o n t a i n some
pr ice effects since o u t p u t i s m e a s u r e d in va lue t e rms .

2 9N o t e t h a t va lue o f l i ves tock p r o d u c t i o n i s n o t i n c l u d e d here .
3 0 T h e ab i l i t y t o perce ive o p t i m a l i n p u t c o m b i n a t i o n s a n d o pt i m a l c r o p p i n g

pa t te rns a n d to adjust t h e m q u i c k l y w h e n pr ices a n d / o r te c h n o l o g y change has been
t e r m e d "a l locat ive a b i l i t y " b y F in is W e l c h . T h e ev idence o f the ef fect o f s c h o o l i n g o n
a l locat ive ab i l i t y has recen t l y been r e v i e w e d by Schu l tz. For some ev idence in the
P h i l i p p i n e s , see H a l i m .
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We thus must f i rst compute a c r o p p i n g pat tern effect and then
see whether it is at t r ibutable to t imeliness or fodder reduct ion (caused
by the t ractor ) , or whether i t is more l ikely caused by i r r i ga t ion , capital
avai labi l i ty, or manager ia l ab i l i t y—which wou ld lead to c ro p p i n g
pat tern di f ferences even in the absence of the tractor.

Tab le 11 presents a crude measure of the size of the c r o p pi n g
pat tern effect for those studies where it is l ikely to be positive.31 If it is
less than 5 percent, the effect is assumed to be indist inguishable f r om
zero, and these cases are not repo r ted in Table 11.

Of the 39 cases in wh ich i t is possible and makes sense to compute
a c r o p p i n g pat tern effect, these effects exceed 5 percent in on ly 15
cases, i.e. in more than 60 percent of al l cases, the c ropp ing pat tern
effect does not even exist and the t ractor cou ld not have con t r ibu ted
to h igher p r o d u c t i o n per hectare via an impact on the c ropp ing
pat tern . Cropping pattern effects are clearly not a general phenomenon. It
remains to be seen whether , in the 15 cases where t ractor farms do
have h igher ou tpu t per hectare on account o f c ropp ing pat tern
dif ferences, these effects can be a t t r ibu ted to the tractor.

In the n o r t h e r n reg ion compr i s ing Punjab, Haryana, Delhi Terri-
tory, Uttar Pradesh and Nepal Terai, c ropp ing pattern effects are present
in n ine instances. In Kahlon 's study, they arise for the B- T O compar i -
son in reg ion I and I I and all three comparisons for region I V. I t is
ha rd to believe, however, that in reg ion 1 and I I the c ropp ing pat tern
effects are posit ive because of t ractor ownersh ip , since the effect is not
present for farms o w n i n g both t ractor and bullocks.

In reg ion 11 the effect is an except ional ly large 75.6 percent, but
this is accounted for by the fact that t ractor farms put an addi t iona l
third of the i r gross c ropped area under potatoes, a h igh value-high
cash i npu t c rop . It is also not clear why t ractor cu l t ivat ion should be
essential for this shift. Potato transport is a substantial problem, but
un l ike w i t h sugarcane, speed in t ranspor t is not very cr i tica l .3 2

In reg ion I and I I i t is d i f f i cu l t to p inpo in t the precise cause of
the c r o p p i n g pat tern effect. Area under fodder is substantial ly
reduced and wheat or rice area is increased. Reduct ion in fodder is
clearly due to the t ractor and is impor tan t in the case of n o rt h e r n

3 1 T h e " c r u d e c r o p p i n g p a t t e r n e f fec t " i s c o m p u t e d as fo l lows. F r o m the percent
increase in to ta l p r o d u c t i o n per net c r o p p e d area, the in tens i ty increase o f c o l u m n 5 is
f i rs t sub t rac ted . T h e n , a s imp le average is c o m p u t e d o f whatever y i e l d effects are
r e p o r t e d in the studies a n d again sub t rac ted . T h i s is c r u de , but the best we can do
w i t h o u t m u c h a d d i t i o n a l i n f o r m a t i o n . T h e res idua l i n te rac t i on t e r m i s neg lec ted . N o t e
tha t w i t h access to the o r i g i n a l data i t w o u l d be possible to c o m p u t e c r o p p i n g p a t t e r n
ef fects prec isely , a n d th is s h o u l d c lear ly be d o n e in f u t u re studies. T h e resu l tant is
r e p o r t e d as the " c r u d e c r o p p i n g pa t t e rn e f fec t . "

3 2 I f  f a r m e r s special ize i n ear ly potatoes, t rac tors may convey a substant ia l m a r k e t -
i n g advan tage .
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farms wh i ch grow special fodder crops. T h i s practice is less prevalent
in the east and south of the subcont inent where bul locks are main ly
fed on c rop residues.

In the De lh i case, the c r o p p i n g pat tern effect is due to a 
combina t ion o f increased use o f H Y V , add i t iona l h igh-value crops,
and fodder reduc t ion . On l y the last effect can be clearly a t t r ibu ted to
the t ractor . In par t icu lar the shift to H Y V does not aggravate power
constraints, because H Y V s are usually o f shorter du ra t i on, leav ing
more t ime t i l l  the next c rop .

In the Nepa l T e r a i , the c r o p p i n g pat tern i n f o r m a t i o n is missing,
but it looks as if a h i g h c r o p p i n g pat tern effect was associated w i th
especially h i g h d i f ference in school ing; management may be an
impor tan t factor in real locat ion o f c r o p p i n g patterns.

Gujarat: In this case, the c r o p p i n g pat tern effects in Dascroi and
A n a n d ta luq are again restr icted to t ractor owners; custom farms do
not seem to benefi t f r o m i t . Also the largest c r o p p i n g pat tern effect is
associated w i t h the largest school ing d i f ference.

In Dascroi taluq it is d i f f icu l t to p in point the precise reason for the
c r o p p i n g pa t te rn effect, a l though wheat and paddy are expanded. In
A n a n d , however, i t is clearly due to the expansion of tobacco on an
add i t iona l 14.2 percent of the gross c ropped area. A g a i n , i t is d i f f i cu l t
to see in wh ich sense t ractor izat ion w o u l d be essential to pe rmi t such a 
shift . F u r t h e r m o r e , we noted ear l ier that in A n a n d t ractor farmers
have a very clear advantage in terms of i r r i ga t i on facilit ies, wh ich
leads to a c r o p p i n g m i x w i t h more h igh-va lued crops even in the
absence o f t ractors.

In Karnataka a c r o p p i n g pat tern effect arises out of a combina t ion
of an H Y V effect and an increase in cash crops, g roundnu ts , chi l l ies,
and co t ton of 8.9 percent of the cu l t ivated area. Since this area grows
on ly one c rop per year, i t is no t clear how the t ractor can be held
responsible for the add i t i ona l area under cash crops.

In Bihar and Andhra Pradesh, the c r o p p i n g pat tern effect, where it
exists, is probably caused by add i t iona l use of H Y V s ra ther than local
varieties o f r ice.

An a rgument can be made that t ractors lead to advantages in
m a r k e t i n g and that these may exp la in some of the shifts to crops of
wh ich a very h i g h p r o p o r t i o n is marke ted , such as the potato case in
reg ion I I o f K a h l o n study o f the Punjab o r the tobacco case o f A n a n d
ta luq in Gujarat . Un fo r tuna te l y no study presents evidence on the
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d i f fe ren t ia l advantage of tractors relative to bullocks or trucks.
A n o t h e r possible h idden source of benefits is the reduct ion of use of
c o m m o n pasture lands for bul locks wh ich instead can support more
sheeps, goats, or m i l k cattle. Such effects are external to the fa rm and
have not yet been studied careful ly and deserve better at tent ion in
fu tu re studies.

Unless the two sources of benefits just ment ioned are very large,
we must conclude that we f ound few instances where the t ractor is
l ikely to have been a sine qua non of a c r o p p i n g pattern shift. The re is
one obvious except ion, namely the reduct ion of area under fodder in
the n o r t h e r n areas o f the subcont inent. Apar t f r om that, c r o p p i n g
pat tern di f ferences are more de te rm ined by d i f ferent ia l access to
capi tal , i r r i ga t i on , o r human capi ta l .

Tractor Utilization 

Use patterns of t ractors as ref lected by data in the tractor surveys
are summar ized in Tab le 12. The ma in conclusions fo l low:

1. Tractor utilization is very much related to farm size. This comes across
both within regions where larger farms have higher utilization than
smaller ones (Government of Punjab, R. K. Sharma, Mclnerney and
Donaldson, Motilal) as well as across regions where those regions with
larger farm sizes have higher utilization rates than those with smaller
farm size (compare for example, Pakistan versus India in Table 12).

2. Small tractor farms rent out a higher proportion of their hours than
large ones (Government of Punjab, R. K. Sharma, Mclnerney and
Donaldson, Motilal).

3. Tractor-rental markets appear weak in the Indian Punjab, Haryana,
and Delhi Terr i tory but fairly well developed in all other Indian areas,
with Pakistan somewhere in between.33 This is not just a farm-size
effect, since the Gujarati farms—which rent out a substantial amount
of hours—are not much smaller than the Punjab farms studied by
Kahlon.

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

5. Irr igat ion by tractors is important in the smaller Punjab farms, in
Maharashtra, and in Chittoor district of Andhra Pradesh. Tractors
are used for threshing in most regions except Chittoor district (and by
owners in Gujarat). Sowing was nowhere an important use, and
interculture was not mentioned in any of the studies.

3 3N o w h e r e , howeve r , do they seem to be as deve loped as in T h a il a n d a n d Malays ia
as r e p o r t e d by C h a n c e l l o r .
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6. Tractors are intensively used for transport, both for agricultural as
well as nonagricultural uses. Where evidence on both is available, total
transport (column 6 + 8) exceeds 23 percent of all hours in evert case and
goes up to 42 percent in Chittoor district. Finally, the fairly large
extent of tractors for nonagricultural uses (sometimes called social
uses) should be noted. Clearly tractor owners must be deriving
substantial consumer benefits from their tractors.

T h e u t i l i za t ion p ic ture clearly supports the view of t ractor izat ion
as a selective subst i tu t ion process based on cost considerat ion. In the 
low wage environment, tractors have comparative advantages at operations 
which require large amounts of power (tillage) and/or high speeds (transport). 
T h e y do not seem to have comparat ive advantage where ne i ther
r u n n i n g speed nor power are ove rwhe lm ing l y impo r tan t (seeding,
in te rcu l tu re , weed con t ro l , etc.). These operat ions cont inue to be
done largely by bul locks and labor and i t may indeed be that costs of
the t rad i t i ona l methods are lower than t ractor costs (or the o p p o r t u -
n i ty cost o f us ing the t ractor compared w i t h t ranspor t o r h ir i n g i t
ou t ) .3 4

Bullock Use 

Bu l lock use has been measured in three ways in these studies—as
decrease in bu l lock hours ( f low measure), as decrease in bul locks
o w n e d per hectare (stock measure), and as reduct ions in Rupees of
expend i tu res on bul locks ( i nc l ud ing capital costs) per hectare. A 
compar ison of f low measures w i t h stock measures is possible in
Gujarat and in Madhya Pradesh. Desai and Gop ina th measure in
hours wh i le Sharan et al. use the stock measure. T h e f irst area in bo th
of these studies in Dascroi ta luq, and the second area includes A n a n d
ta luq in bo th studies, a l though Sharan et al. also inc lude a ta luq in
another d is t r ic t . For t ractor h i rers as we l l as t ractor owners, hours
decrease substantial ly more than stocks. S imi lar ly in Misra's study of
Madya Pradesh hours decrease by 82 percent wh i l e—on the same
farms—stocks decrease on ly by 50 percent. T h e greater decl ine of
hours than stocks is in l ine w i t h expectat ions, since bul locks are o f ten
main ta ined as a power source or for specific jobs where they con t inue

3 4Eng inee rs o f t e n advocate the use o f t rac to rs f o r m a n y m o r e o p e r a t i o n s tha t can
b e m e c h a n i z e d o n the g r o u n d s tha t th is w o u l d i m p r o v e capaci ty u t i l i z a t i o n . T h e
increased capac i ty u t i l i z a t i o n , h o w e v e r , i s p r o f i t a b l e fo r the f a r m e r o n l y i f the m a r g i n a l
cost o f t r a c t o r use p lus the average cost o f t he a d d i t i o n a l mach ines a n d i m p l e m e n t s fal ls
subs tan t ia l l y sho r t o f the cost o f p e r f o r m i n g the o p e r a t i on b y a c o m b i n a t i o n o f b u l l o c k
a n d h a n d labor . T h a t a select ive m e c h a n i z a t i o n s t rategy is i n d e e d p r i v a t e l y o p t i m a l is
b o r n e o u t b y the p r o g r a m m i n g studies o f S i n g h a n d Day (1972, 1975) . C lay gives
desc r i p t i ve accoun t o f a n ear l y phase o f a sequence o f i nves tmen ts . F o r ev idence o f a 
s i m i l a r se lect iv i ty o f the o p e r a t i o n s c o v e r e d i n ea r l y m e c ha n i z a t i o n i n J a p a n , K o r e a , a n d
T a i w a n , see T s u c h i y a , 1972 ; D o n g H i K i m ; a n d W e n g C h i e h L a i .
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to have comparat ive advantage, or as a back-up power source. Hence
the intensi ty o f u t i l i za t ion of bul locks decreases in sh i ft ing to tractors.

In most o f the area, bu l lock hours decrease by more than 60
percent for farms wh ich acquire a t ractor but cont inue to main ta in
bul locks. T h e major except ion is Karnataka, where hours are reduced
by on ly 44.3 and 42.7 percent. Note that in this area average t ractor
ut i l i za t ion is an almost incredib le 1718 hours per year, of wh ich 27
percent is ren ted out (Chandra M o u l i , his Tables 14 and 15).

Bu l lock stock measures general ly decrease by more than 40
percent, w h i c h shou ld cor respond to decreases in hours by more than
60 percent. T h e except ion is the Sapre study in Maharashtra, wh ich
repor ts a decrease of on ly 12.7 percent. T h e au thor does men tion that
it is d i f f i cu l t to wo rk the deep black soils of the study area w i t h tractors
d u r i n g the k h a r i f season, and attr ibutes the h igh retent ion o f bul locks
to this reason. Th is agrees wel l w i t h the Karnataka black soil area,
wh ich has the lowest decrease in hours.

Labor

In the v i ru len t debate about labor displacement o f tractors,
advocates on both sides of ten confuse potent ia l f rom real effects.
Concern of tractors as labor d isp lac ing sometimes stems f ro m the fact
that in deve loped countr ies ag r i cu l tu ra l mechanizat ion has indeed
enabled massive labor displacement. However , we have just seen that
t rac tor iza t ion is selectively concentrated in operat ions where labor
displacement is not the p r i m a r y effect. As l ong as wage rates rema in
low there is l i t t le reason to expect tractors to gain comparat ive
advantage in labor- intensive operat ions. However , an exis t ing stock of
t ractors represents an enormous labor-saving potent ial wh ich is l ikely
to be real ized p r i m a r i l y when wages start to rise.

We w i l l  discuss first labor per hectare, then the labor effects o f not 
invest ing the capi ta l of t ractors in an al ternat ive use, and f inal ly labor
per uni t o f ou tpu t .

Labor per hectare: In the total of 58 bul lock- t ractor compar isons
repor ted , 19 have been tested statistically. In not one were dif ferences
statistically s igni f icant, despite the fact that in one case the di f ference
was minus 22.6 percent and in another i t was plus 24.4 percent.

Of the 58 compar isons, s l ight ly more than ha l f fal l in to the range
of m inus 10 to plus 10 percent and can be regarded as ind is tingu ish-
able f r o m zero. In 29 percent of the cases there is a reduc ti on of labor
requ i rements of more than 10 percent and in 19 percent of the cases
there is an' increase in excess of 10 percent.
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A first conclus ion, therefore, is that the use of a t ractor is
associated ne i ther w i t h an increase no r a decrease in labor use per ha,
a l though evidence may sl ight ly favor a decreasing effect.

T h e r e is also some sl ight evidence that t ractor ownersh ip leads
e i ther to a larger decrease or to a lower increase in labor use per
hectare than t rac to r -h i r i ng . Of the 42 t rac tor -owner compar isons,
about o n e - t h i r d fa l l below m inus 10 percent whi le of the 16 t ractor-
h i re r compar isons on ly 2 (12 percent) fa l l below minus 10 percent.

Those cases where labor use increases are large do requ i re some
special a t tent ion, K a h l o n (1975) repor ts a 24.4-percent increase for
the 10 farms of reg ion 2 in Tab le 3 (wh ich specialize in potatoes).

In the Nepa l T e r a i (Tab le 5) the largest increase of 27.8 percent
in labor hours occurs when bul lock farms acquire pumpsets. As these
BP farms acquire tractors, labor use decreases by 4.4 percent. Th i s
puts the increases in labor use between the pure bul lock farms
w i thou t pumpsets and the T O , T H , and T O P farms i n perspective.
Basically the same p ic ture emerges f r o m the Patel and Patel study in
Gujarat . O w n e r s h i p of a pumpset is associated w i t h a 32.2-percent
increase in labor use. An add i t i on of a t ractor leads to no fur the r gain
in labor use, and the large labor use increase in this case is an
i r r i ga t i on , and not a t ractor , effect. In West Godavar i , an increase of
17.4 percent in labor use occurs for the B - T H compar ison in reg ion 3,
bu t labor use for the B - T O compar ison declines by 25.2 percent.

We there fore conc lude that in al l cases where there is substantial
increase in labor use by t rac tor farms, i t is associated w i th shifts in
c r o p p i n g pat tern o r i r r i ga t i on , wh ich are an o u t g r o w t h o f the
i m p r o v e d overa l l capital avai labi l i ty ra ther than o f the tractors per
hectare.

T h e largest decrease in labor hours (38.9%) is repor ted for
Pakistan by M c l n e r n e y and Dona ldson in a before and after study. Th i s
case deserves par t i cu la r a t tent ion. The W o r l d Bank f inanced loans
for the purchase of t ractors in the 45- to 55-hp class at substantial
subsidies to the farmers. Smal ler t ractors were not considered,
whereas in I n d i a the most popu la r t rac tor size is in the 30- to 35-hp
class. L a n d cei l ings or tenancy laws in Pakistan d i d no t exist or were
ineffect ive and these 202 farms grew on average f r o m 18.2 ha to 44
ha, more than doub le the i r i n i t i a l size. In tens i ty increased at most by 7 
percent and may have fa l len in some cases. T h e add i t iona l land was
acqui red as fol lows: purchases (13%), increased r e n t i n g (28.6%),
reduc t ion in land ren ted ou t (32.3%), rec lamat ion and i m p ro v e m e n t
(26.2%). Per t ractor , an average of 4.5 tenants were replaced. Al l this
happened w i t h i n a 4-year pe r iod .

O n e shou ld be carefu l no t to a t t r ibute al l these changes to
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t ractors. 1966 to 1970 was a pe r iod in wh ich new varieties and
changes in prices made f a r m i n g much more prof i table in Pakistan.
T h i s in i tse l f m igh t have induced a t rend towards owner cu l ti va t ion
and land rec lamat ion. However , i t seems doub t fu l that in the absence
of the t ractor the t r end w o u l d have been as st rong. T h e relat ively
large t ractor size also put a p r e m i u m on add i t iona l fa rm size.

I t is no tewor thy that not one of the I n d i a n studies reports such a 
large size increase. However on ly Chop ra (Punjab) and Desai and
Gop ina th (Gujarat) s tudied fa rm g r o w t h over t ime, and nei ther
repor ts increases in size due to reduced ren t i ng out . The re exists,
however, some evidence that many Punjabi farmers had a s t rong
incent ive to reduce the n u m b e r o f the i r tenants w i t h the enactment o f
tenancy laws in 1966, and that the t ractor m igh t have been a welcome
means to achieve i t .

T h e studies are near ly unan imous in terms of the shifts in labor
classes occu r r i ng w i t h t rac tor izat ion. Permanent labor is reduced
substantial ly ( fewer bu l lock dr ivers) , wh i le fami ly labor general ly
increases. Dai ly labor increases in most cases; even the Pakistan study
repor ted such an increase.

O n l y Rud ra f inds that in a compar ison of large bul lock operated
farms in 11 distr icts of the Punjab the decrease in dai ly rated labor-
exceeds the—modest—decrease in the n u m b e r of permanent labor-
ers.

T h e N C A E R study reports off-farm labor creation due to tractor-
service and repai r (not p roduc t ion ) . T h r e e days of labor per ha are
created annual ly in such activit ies, wh ich is relat ively low.3 5 Farm
labor days per hectare vary f r o m 31 in semi-ar id Dho lka ta luq to
a r o u n d 60 in the Punjab, and a m a x i m u m of 1 80 in Muzaf farnagar in
U t ta r Pradesh. T h u s in every case a 10-percent reduct ion in fa rm
labor is al l that is requ i red to offset this o f f - f a rm employmen t
creat ion, and in most instances less than 5 percent reduc t ion in f a rm
labor requ i rement w i l l do i t . O f f - f a r m employment creation by
tractors can on ly accommodate a very small labor displacement by
tractors on the fa rm. Final ly, to in terpret the changes in labor per
hectare, i t is useful to also look at a decomposi t ion study of changes in
labor i n p u t per hectare on average ( t ractor and nont rac tor farms) in
the Punjab. R. K r i shna estimates that between 1968-69 and 1973-74,

3 5 T h e N a r a y a n a es t imate o f 9.3 days pe r hectare o f c u l t i v at e d area appears f a r t oo
h i g h , since i t i m p l i e s 105 l abo r days (8 hou rs ) o f r e p a i r w o rk pe r year per t r ac to r . I f
t h ree persons on average are w o r k i n g on a t r a c t o r w h i l e i t i s i n the shop , tha t w o u l d
i m p l y 35 f u l l days spent per year per t r a c t o r i n t he r e p a i r shop . G i v e n t h a t c e r t a i n
repa i r s l i ke f l a t t i r e r e q u i r e o n l y 2 o r 3 hou rs , the n u m be r o f t r i ps to the r e p a i r shop
mus t have been a t least as h i g h or even h i g h e r . I t i s h a r d to bel ieve tha t f a rmers w o u l d
p u t u p w i t h such a h i g h b r e a k d o w n f requency .
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labor use in wheat alone dec l ined f r o m 555.7 to 464.1 hours per
hectare, a decl ine of 16.5 percent. Us ing a decomposi t ion based on
labor coeff icients for d i f fe ren t operat ions, he decomposes these
changes as fo l lows:

It is obvious that t ractor p l o u g h i n g accounts for a very small
f ract ion of the decl ine in labor use. Note , however, that only p lough -
i n g is considered and all o ther operat ions are assumed not to be done
by t ractor . U n d e r this assumpt ion, threshers have had a far more
severe labor-saving effect. Th i s is again because t ractor use has been
selectively concentrated on h igh power or h igh speed operations.3 6

Labor per Unit of Output and Foregone Opportunities for Employment 
Creation: T h e fact that t ractor farms do not use much less labor per
hectare than do bu l lock farms is o f ten used to d isarm t ractor
opponents w h o po in t to the labor-saving nature o f t ractors. However ,
th is is not a correct view of the labor-d isplacement p rob lem. First of
a l l , in the B r i e f Overv iew Section, we have seen that di f ferences in
labor per hectare are correct measures of labor effects only under an
ext reme net con t r i bu to r view wh i ch at t r ibutes all di f ferences in
p roduc t i on per hectare to the t ractor . Since we have been unable to
cor robora te this view, and conc lude that most o f the intensi ty, y ie ld
and c r o p p i n g pat tern effects were no t due to tractors, labor displace-
ment must have been substantially larger. U n d e r the subst i tu t ion view, the
uppe r b o u n d for labor d isplacement w o u l d be the measures o f labor

3 6 T o g a i n f u r t h e r ins igh ts i n t o l abo r d i s p l a c e m e n t b y new t ec h n o l o g y , th is
d e c o m p o s i t i o n m e t h o d w o u l d b e h i g h l y use fu l . A l m o s t any t r a c t o r su rvey , i n fact,
generates the da ta r e q u i r e d t o a p p l y K r i s h n a ' s d e c o m p o s i t io n p r o d e c u r e . I n A p p e n d i x
I , t he d e r i v a t i o n o f a s i m p l i f i e d ve rs ion o f K r i shna ' s m e t ho d i s g i v e n t o i l l us t ra te h o w i t
w o r k s .

5 4

Decompos i t ion o f the changes in T o t a l Labor I n p u t per hectare in
wheat: Punjab 1968-69 to 1973-74

Effect Ma

1. I r r i g a t i o n (add i t iona l area i r r iga ted)
2. Var ie ty
3. T r a c t o r p l o u g h i n g
4. I r r i g a t i o n Techno logy (switch to pumpsets)
5. Mechanical T h r e s h i n g

n-hours/ha

+ 16.28
+ 17.35

- 5.26
- 34.59
- 70.58
- 14.81

Source: R. K r i s h n a , T a b l e 3, p. 280 .



per un i t o f c r o p p roduc t i on . Bu t since they are on ly upper bounds
and can be easily c o m p u t e d by interested readers, we do not repor t
t hem in deta i l .

Bu t this is not a l l . To j u d g e the labor-d isplac ing effects o f
t ractors, we must ask not on ly how m u c h labor they displace on farms,
but how m u c h emp loymen t cou ld have been created by invest ing the
additional capital (relat ive to that w h i c h previously was invested in
bul locks) elsewhere in the agr i cu l tu ra l or in the nonagr i cu l tu ra l
sector. Wha t have been the foregone oppor tun i t i es for emp loymen t
creation? I t is clear, for example, that add i t iona l investment in canal
or we l l i r r i ga t i on w o u l d have created add i t iona l emp loyment rather
than leave i t unaf fected or reduced, as the t ractor investment d i d .
Investment o f the add i t iona l amoun t o f capi ta l in relat ively labor-
intensive industr ies wou ld also have created emp loymen t rather than
leav ing i t unaffected. To the extent that pr ivate investors or govern-
ment had a choice of channe l l i ng the add i t iona l savings invested in
tractors in to al ternat ive uses w i t h posit ive emp loymen t effects, we
must count this foregone emp loymen t as labor displaced by the
tractors.

T h e government cou ld surely have discouraged t ractor invest-
ment by excise taxes and h igher taxes on t ractor fuels, or by
d iscourag ing of f ic ia l credi t agencies f r o m l end ing for the purchase o f
tractors. T h e quest ion then becomes—what wou ld be the farmer's
responses to these policies? Several cases need to be d ist ingu ished—
farmers who bo r rowed f r o m of f ic ia l c red i t agencies m igh t have
reduced the i r overa l l bo r row ings and the credi t agencies w o u l d have
had more funds to lend for pumpsets or o ther f a rm improvements .
M o r e of f ic ia l c red i t cou ld also have become available for areas w i t hou t
m u c h t ractor demand . Farmers f i nanc ing tractors out o f the ir own
savings cou ld have reacted in at least fou r d i f fe rent ways:

—increase other farm investments;
—increase consumption;
—increase investments in savings deposits or other financial instruments;
—increase direct nonfarm investment.

I t stands to reason that each of these uses w o u l d have created
add i t iona l labor needs. A d d i t i o n a l f a rm investment in ir r i ga t i on
fac i l i t ies o r f e r t i l i z e r a n d seed i n p u t s w o u l d have ra ised f a r m
emp loymen t . Increased consumpt ion w o u l d have tended to increase
o f f - f a r m emp loymen t , since farmers tend to spend add i t iona l income
p r i m a r i l y on labor- intensive commodi t ies (see Me l l o r ) , a l though the
purchase of automobi les or jeeps as substitutes for tractors is an
except ion . Increased investment in f inancia l ins t ruments w o u l d have
made more savings available to the economy as a whole, and direct
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n o n f a r m investment by farmers w o u l d have tended to concentrate on
the labor intensive small-scale sectors. I t is thus l ike ly that p reven t ing
farmers f r o m invest ing in to tractors w o u l d have tended to create
m o r e n o n f a r m e m p l o y m e n t than was created by the t ractor invest-
men t in the relat ively capital- intensive t ractor i ndus t ry.

Allied Enterprises 

Few studies give any data on the d i f fe rence between fa rm types in
the p r o d u c t i o n o f an ima l products o r f ru i ts and vegetables. K a h l o n
(1975), Desai and Gop ina th , and the N C A E R (1973) inc lude data on
investment in m i l ch animals (Table 13). Kahlon 's study of the Punjab

T A B L E 13 : M i l c h a n i m a l dens i t i es a n d l i ves tock o u t p u t

A: Milch animal densities per hectare in the Punjab 

B P u r e B u l l o c k f a r m s 3.83

T H T r a c t o r h i r i n g f a r m s 3.90

T O P u r e T r a c t o r o w n e r s 3.59
B T O T r a c t o r f a r m s w i t h b u l l o c k s 4 .03

Source: Kahlon 1975, Table 3.16 

B: Per hectare investment (Rs.) in milch animals in Gujarat 

D a s c r o i A n a n d D h o l k a

B B u l l o c k f a r m 2 9 3 4 6 6 N o t ava i lab le

T H T r a c t o r h i r i n g f a r m 373 4 8 4 158

T O T r a c t o r o w n e r 2 8 3 2 7 0 6 4

Source: Desai and Gopinath, Tables 3.15 and 4.3 

C: Milch animal densities and value of livestock in Uttar Pradesh 

M i l c h a n i m a l s L i ves tock o u t p u t N u m b e r o f

p e r hec ta re p e r hec ta re (Rs) f a r m s

B u l l o c k .33 3 3 3 11

B w i t h p u m p s .32 2 6 0 19

T r a c t o r + p u m p s .29 3 5 1 6

T r a c t o r + p u m p + T h r e s h e r .43 4 1 8 24

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

includes the n u m b e r o f m i l ch animals per h o l d i n g (wh ich gives a 
correct p ic ture in this size-adjusted sample). M i l ch -an ima l densit ies
hard ly vary across f a r m types; the lowest value is f o u n d on pure
t rac tor farms. In Gujarat the s i tuat ion is s imi lar . In Dascroi ta luq,
tractor owners invest equally w i th bul lock owners in mi lch animals, but
to a lesser extent than do t r ac to r - h i r i ng f i rms. In the o the r two areas,
investment in m i l ch animals by t rac tor owners is substantial ly less than
by the o the r f a r m types. In the N C A E R (1973) study, m i l c h animals
and l ivestock o u t p u t were repo r ted on a per f a r m basis wh i ch can be
mis lead ing since the sample is no t size adjusted. T h e f indings have
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been conver ted (Panel C, Tab le 13) to a per ha basis and aggregated
over size classes (wh ich conta in sample sizes so small they are of l i t t le
value i nd i v idua l l y ) . I t can be seen that t ractor farms w i th threshers
have h igher m i l ch -an ima l densities and livestock o u t p u t than bu l lock
farms, bu l lock farms w i t h pumpsets, and t ractor farms w i t h pumpsets
but w i t hou t threshers. Shou ld we therefore, conclude that threshers 
increase m i l ch -an ima l density and livestock product ion? Or is i t
equal ly l ike ly that the farms wh ich have all mechanical technology
items also have suf f ic ient capi ta l for more l ivestock product ion?
Anyway , the small sample sizes of the N C A E R 1973 study pose real
d i f f icu l t ies in i n t e r p r e t i n g its results.

A l l t h r e e s tud ies t o g e t h e r p r o v i d e l i t t l e s u p p o r t f o r the
hypothesis that tractors result in farmers special iz ing m u c h more in
l ivestock p roduc t i on .

Power Tillers 

T h e N C A E R (1977) has recently conducted a large survey of
power t i l lers in five states o f I nd ia . Power t i l le r p roduc ti on in I n d i a in
1974-75 was on ly 2221 , against an instal led p roduc t i on capati ty of
10,000. No impor ts occur red . T h e cost of a t i l le r plus equ ipmen t is
approx imate ly Rs20,000—which is very h igh . T i l l e rs are most ly used
for p u d d l i n g in rice cu l t i va t ion . Except for garden cu l t i va t ion , they
are general ly not suitable for d r y l a n d cu l t i va t ion . As w i t h tractors, use
is main ly restr icted to land prepara t ion and t ranspor t , but use for
i r r i ga t i on is more f requent . I t appears that power t i l le r farms show
pract ical ly no gain in intensi ty, that power t i l lers are s t rongly bu l lock-
saving and that they reduce labor use per ha sl ight ly (Table 14). T h e
lack of intensi ty effect is consistent w i t h the evidence f r o m T a i w a n
(see footnote 17). T o t a l c r o p ou tpu t per hectar on power t i ll e r farms
exceeds that on bu l lock farms by an astonishing 119 percent, wh i ch
does no t appear to be a c r o p p i n g pat tern effect but ma in ly a y ie ld
effect. I t is un fo r tuna te that i n p u t data are not g iven; they are needed
to unders tand the source of this incred ib ly large d i f ference. N o r does
the study indicate whe ther the p r o p o r t i o n o f area unde r H YV d i f fers .
A reanalysis of the data and some new surveys to ver i fy the y ie ld
impact of power t i l lers is needed, in par t icu lar since the evidence
f r o m Japan does no t suggest that power t i l lers are y ie ld ra is ing
(Tsuchiya) .

T h e N C A E R study concludes that cost per rupee of output is about
15 percent lower on power t i l le r farms than on bu l lock farms. Given
that o u t p u t per ha is 119 percent h igher , this impl ies that cost per 
hectare on power t i l l e r farms is r ough l y 100 percent h igher than on
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bu l lock farms. T h i s cost increase is not b roken d o w n in to add i t iona l
use of fert i l izers, H Y V s , pesticides, and t rac tor costs. T he evidence
therefore does not yet pe rm i t clear conclusions rega rd ing o u t p u t
effects, as in the case of four -wheel tractors. Nevertheless, there
appears to be l i t t le d i f ference in intensi ty, bu l lock displacement, and
labor-displacement effects between two-wheel and four -whee l trac-
tors.

T h e N C A E R att r ibutes the slow g r o w t h in demand for the power
t i l l e r p r i m a r i l y to its h i gh pr ice. In South-East Asia, attempts have
been made to construct and popular ize power t i l lers s impler and
cheaper than those of Japanese design. Part icular progress has been
made in T h a i l a n d , where s imple 7-hp power t i l lers sell fo r about ha l f
the pr ice o f those in I n d i a (Chakkaphak) .

T h e study o f A h m a d (1977) on Bangladesh contains bo th t ractor
farms and power t i l l e r farms in an u n k n o w n p r o p o r t i o n . Bu t power
t i l lers and smal l t ractors must p redomina te because the average size
of the t rac to r /power t i l l e r farms is on ly 0.6 ha and t ractor impor t s to
Bangladesh have been ex t remely l i m i t e d . T h e n u m b e r o f t ractor/
power t i l l e r farms is on ly 60 relat ive to a tota l sample of 459 farms and
these f a r m s c o m e f r o m t h r e e d i f f e r e n t a g r o c l i m a t e zones o f
Bangladesh. T h e data are thus not ideal bu t may st i l l give some
ind ica t ion o f the effects o f power t i l lers.

A l l farms use enormous amounts o f labor bu t the t rac tor /power
t i l l e r farms use between 8 and 39 percent less labor than the bul lock
f a r m d e p e n d i n g on the season and var iety considered. T h e reduc t ion
is statistically s igni f icant in three of the fou r cases considered.
In tens i ty on t rac tor /power t i l le r farms is 10 percent h igher (but not
s igni f icant) . Fer t i l izer use is m u c h h i g h e r — i n three of the fou r cases
the increase exceeds 50 percent—and is statistically s ignif icant. De-
spite this, t rac tor /power t i l l e r farms have rough l y identical or lower
y ie ld per ha. A d d e d fer t i l izer does not seem to be able to ful ly
compensate for lower labor inputs .

T h e two studies show results for power t i l lers wh i ch are largely
consistent w i t h those o f the t rac tor survey. I n t e n s i t y — i f a t a l l —
increases on ly marg ina l l y . Power t i l lers are clearly labor-saving, even
on a per ha basis, and do no t tend to increase yields.

T h e evidence repo r ted here puts in doub t the value o f agr icu l -
t u ra l eng ineer ing p rograms such as that of the In te rna t iona l Rice
Research Ins t i tu te , w h i c h pu t heavy emphasis on the design and
p roduc t i on of low cost power t i l lers. Wne re wages are as low as in
Bangladesh or I n d i a even very low cost machines cannot make a 
substantial g r o w t h con t r i bu t i on .
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I V . / T H E B E N E F I T - C O S T
S T U D I E S

THE t rac tor surveys prov ide evidence that the net con t r ibu to r
view of t rac tor iza t ion, except under except ional circumstances,
is incorrect . We therefore have to expect that, on purely ag-

r i cu l t u ra l g rounds, i t w o u l d be d i f f i cu l t to show a substantial cost
advantage of t ractors. T h e benefit-cost studies address this quest ion
and i t is we l l k n o w n that some of t hem repor t very substantial
benefit-cost ratios. A cr i t ica l examina t ion of some of the major studies
is thus in o rder .

We w i l l see that a bew i l de r i ng var iety of methods have been used
in the benefit-cost studies. However , the ma in methodolog ica l d i v i -
sions relate closely to the Subst i tu t ion versus Net C o n t ri b u t i o n debate.
Fo l l ow ing Sapre (1969), two basic approaches to benefit-cost analysis
can be d is t ingu ished, w i t h some authors m a k i n g use of bo th for
compar ison purposes. T h e first is the Substitution Method w h i c h
assumes that eve ry th ing a t ractor can do can be done by bul locks and
hand labor. Basically i t starts ou t f r o m the po in t of view of the tractor 

farm and computes the add i t i ona l cost of bul locks and hand labor
requ i red to p roduce the output of the tractor farm w i t h bul locks and
hand labor and subtracts the savings in t ractor costs. T he estimate of
bu l lock and labor cost is then regarded as the gross benef it of
t rac tor iza t ion . T h i s is a very appea l ing m e t h o d because it is usually
no t so d i f f i cu l t to estimate t ractor and bu l lock costs, bu t is obviously
correct on ly i f the subst i tu t ion view is correct .

T h e Budgeting Method, on the o ther hand, corresponds to the Ne t
C o n t r i b u t o r school. I t at tempts to quant i f y the add i t ional o u t p u t
made possible by tractors. In its ex t reme f o r m i t assumes that al l
observed di f ferences between bu l lock and t rac tor farms are at t r ibuta-
ble to the t ractor . Since this is unreasonable, it usually becomes

6 1



necessary to spl i t the observed o u t p u t di f ferences in to those a t t r ibu t -
able to the t ractor and those wh ich are not , and this is where the ma in
d i f f i cu l t y o f the budge t i ng m e t h o d lies. F u r t h e r m o r e , once the
observed o u t p u t di f ferences are spl i t up in to those at t r ibutable to
tractors and those no t at t r ibutable, i t becomes necessary to spl i t up the
observed di f ferences in labor and bu l lock use in to components
associated w i t h those o u t p u t changes w h i c h are at t r ibutable to the
t ractor and those wh i ch are caused by o the r factors. T h e budge t i ng
m e t h o d is thus far more d e m a n d i n g than the subst i tu t ion me thod .

T h e benefit-cost analyses make a serious a t tempt to a t t r ibute the
o u t p u t changes correct ly . T h e y obviously d i d not have the compara-
t ive ev idence s u m m a r i z e d i n sect ion I I I ava i lab le .3 7 Sapre a n d
H a n u m a n t h a Roa have used bo th the subst i tu t ion and the budge t i ng
methods. W h e n a t t r i bu t i on of benefits is d i f f i cu l t , this obviously
al lows the authors to place lower and uppe r bounds on benefits and
costs.

T h e assumpt ion and the f ind ings o f some o f the ef for ts a t
benefit-cost analysis rev iewed here are summar ized in Tab le 15.38

On its left hand side, Tab le 15 f irst lists a l l the possible benefits
and costs o f t ractors. T h e last i tem unde r "Bu l l ock Savings" indicate
whe ther the authors assumed par t ia l o r f u l l rep lacement o f bul locks
by tractors. In the deprec ia t ion and interest rows, the assumed
l i fe t ime of the assets and the b o r r o w i n g rates for capi ta l are g iven
where available or appl icable (when in te rna l rates o f r e tu r n are
compu ted , b o r r o w i n g rates do not have to be assumed).

In add i t i on to subst i tu t ion and budge t i ng me thod , studies can be
d is t ingu ished accord ing to the me thod used for es t imat ing add i t iona l
net o u t p u t under the budge t i ng me thod (see last row unde r addi -
t iona l net ou tpu t ) . Survey results are always used to p rov ide the basic
i n p u t - o u t p u t data. However , Desai and Gop ina th , and A h m a d use
l inear p r o g r a m m i n g techniques to estimate potent ia l t ractor benefits,
whi le Gotch and Y o u s u f use integer p r o g r a m m i n g techniques.

A t h i r d basic d i f ference is the de f i n i t i on of the investment
packade cons idered (Row 7, Capi ta l ) . Most authors inc lude on l y the
t ractor and imp lements . However , add i t i ona l net o u t p u t (wh ich is
coun ted as a benef i t in the budge t i ng method) is o f ten p roduced w i t h
the he lp of add i t i ona l f ixed and c i r cu la t i ng capi ta l such as pumpsets
or fert i l izers. I f these capi ta l i tems are costed a t the b or r o w i n g rate o f

3 7Some r e m a r k s i n th is sec t ion m a y appea r c r i t i c a l o f some au tho rs , b u t t hey s h o u l d
n o t be t a k e n as such. I t i s o n l y n o w , w i t h t he ev idence a c c u mu l a t e d by t h e m a n d o the rs ,
tha t i t becomes possib le to d i sen tang le some o f t he d i f f i c u lt issues a n d ex post c e r t a i n
t h i n g s appea r obv ious w h i c h w e r e o f necessity obscure ex ante. 

3 8 A c o m p l e t e su rvey o f benef i t -cos t s tudies has n o t been a t t em p t e d .
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capi ta l on ly , this amounts to assuming that the i r rate of r et u r n is equal
to the b o r r o w i n g rate a n d any excess benefits of these capi ta l i tems
over and above the b o r r o w i n g rate is a t t r i bu ted to the t ractor . I t is
more appropr ia te to inc lude add i t i ona l pumpset investment in to the
investment package, as M c l n e r n e y and Donaldson do. T h i s latter
procedure w i l l  lead to an over-est imat ion o f the rates o f r e t u r n to
tractors on ly i f the t rue rate o f r e t u r n to pumpsets exceeds that to
tractors. F inal ly , some authors do social benefit-cost calculat ions whi le
others do not. On the surface, i t appears fu t i le to compute on ly
pr ivate benefit-cost rat ios. Surely i f farmers invest in t ractors, they
must be pr ivate ly pro f i tab le . However , there is sti l l an interest in
pure ly pr ivate benefit-cost calculat ions because we are interested in
whether farmers invest pure ly on account o f agr i cu l tu ra l benefits o r
whether secondary considerat ions—such as ease of operat ions, status,
consumer benefits, etc.—also play a ro le. A l l studies of cost have
con f ined themselves to agr i cu l tu ra l benefits, since o ther benefits are
s imply not quant i f iab le .

Social re turns can be calculated on var ious assumptions, sum-
mar ized unde r row 9 in Tab le 15. Labor saving can be assigned a 
lower social value i f there is l i t t le scope for e m p l o y i n g the released
labor elsewhere. T h i s tends to depress social benefits f ro m the
tractors. Fore ign exchange can be valued more h igh ly than the
con t ro l led rates, wh ich may lead to con t rad ic to ry effects. I t tends to
raise fuel and t ractor costs (unless fuels are heavily taxed and the
taxes are not counted as a social cost), and thus reduces social benefits.
However , i f a coun t r y d iscr iminates against agr icu l tu re by reduc ing
o u t p u t prices below w o r l d marke t levels (as Pakistan d i d at the t ime of
the Bashir A h m a d study), va lu ing o u t p u t a t in te rna t iona l prices and
at the o p p o r t u n i t y cost of fo re ign exchange tends to raise the benefits
f r o m tractors i f the net add i t iona l o u t p u t counted is large. O t h e r
methodo log ica l di f ferences w i l l be discussed study by study. Final ly,
note that a l l calculat ions have been done at pre-1973 fue l rates, and
that at present fuel prices a l l net re tu rns w o u l d be lower.

H a n u m a n t h a Rao computes a large set of in te rna l rates of r e t u r n .
Here on ly those for the 20-hectare f a r m are shown; for smaller f a r m
sizes, a l l rates are m u c h lower. Private re tu rns appear fa ir ly attract ive
for the 20-hectare f a r m on labor and bu l lock cost saving alone
(subst i tut ion method) . Note that H a n u m a n t h a Rao assumed fu l l
d isplacement o f bul locks. However , bu l lock d isplacement has no t
been complete except in a few farms, and the rates of r e t u rn real ized
by farms may thus have been lower.

U n d e r the budge t i ng m e t h o d H a n u m a n t h a Rao a t t r i bu ted to the
t rac tor al l d i f ferences in yields, intensi ty, and c r o p p i n g pa t te rn f o u n d
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between bu l lock and t ractor farms in the Farm Management Studies.
T h e survey evidence now available indicates that this is excessive. T h e
rates o f r e t u r n shou ld thus be closer to those o f the subst i tu t ion
m e t h o d . Social re tu rns o f t ractors w i t h the m o r e realistic subst i tu t ion
benefits are st i l l fa i r ly attract ive (between 9.75 and 19.50 percent) ,
d e p e n d i n g on the wage rate assumptions. However , when recalcu-
lated at post-1973 fuel prices, a l l i n te rna l rates of r e t u rn calculated
w i t h the subst i tu t ion m e t h o d are m u c h lower than 12 percent, and
even w i t h the favorable bu l lock replacement rates assumed t rac tor
investment w o u l d be socially unpro f i tab le .3 9

Sapre's study, a p ioneer ing effort , unfor tunate ly is not available in
p r in ted f o r m . It extensively discusses the methodological issues and is an
unusual ly careful ef for t at a t t r ibu t ing the addi t ional net ou tpu t proper ly .
For example, he counts as i r r iga t ion benefits ony those areas actually i r -
r igated by tractor and similarly for land reclaimed. His task was easier
because tractors were in t roduced in to a technologically stagnant env i ron-
ment in Maharashtra. He confines his efforts to quant i fy ing private net
annua l benefits, wh i ch are Rs. 1,545 per t ractor for the subst i tu t ion
m e t h o d and m inus Rs.1,122 per t ractor fo r the budge t i ng m et h o d ( in
1966-67 prices). T h e subst i tu t ion analysis shows h igher benefits
because the o u t p u t o f the t ractor farms cou ld be p roduced w i t h fewer
add i t iona l bul locks than were actual ly displaced by the tractors.

However , even the modest net benefits are no longer realistic.
Farmers can no longer bo r row at 6.5-percent interest rates and the
l ime t ime of almost 15 years est imated fo r t ractors is surely excessive.
At interest rates of 10 percent and a 10-year l i fespan of tractors, net
benefits shou ld be reduced by about RS. 1,500 per year, thus go ing to
zero—even at the favorable fuel prices of the mid-sixt ies.

M c l n e r n e y and Dona ldson f i nd ex t remely h igh pr ivate rates of
r e t u r n for the 202 t ractor farmers s tud ied in Pakistan. T h e re tu rns
are to a package of t ractors and tubewells investments wh ich took
place over a pe r i od f r o m 1966-70. T h e authors exc lude y ie ld effects
and c r o p p i n g pat tern effects f r o m the benefits o f the tractors, i.e. the
c r o p p i n g pa t te rn a n d rate o f adop t ion o f H Y V i s assumed to be the
one of 1969. Fur ther , al l ou tpu ts and cu r ren t inputs are va lued at
1969 prices, thus the very substantial pr ice rises of ou tpu ts are no t
ref lected in the rate o f r e t u r n .

T h e very substantial rates o f r e t u r n der ive f r o m the o u t p u t wh i ch

3 9 H a n u m a n t h a Rao gives o n l y benef i t -cost ra t ios , r a t h e r t h a n i n t e r n a l rates o f
r e t u r n f o r pos t -1972 f ue l pr ices. A l l benef i t -cost ra t ios f o r the s u b s t i t u t i o n m e t h o d are
less t h a n 0 .55, t hus i n t e r n a l rates o f r e t u r n mus t be less th a n the 12 pe rcen t b o r r o w i n g
ra te assumed.
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these 202 farmers p roduced on the add i t i ona l land acqui red and
f r o m i r r i g a t i o n w i t h tubewel ls. Recall that these farms more than
doub led in size. We no ted ear l ier that i t is probably un li ke ly that al l o f
the l and increase is a t t r ibutab le to the t ractor , as at least some of i t
may be due to the genera l increase in p ro f i tab i l i t y o f f a r mi n g d u r i n g
the pe r iod .

B u t even i f on ly a f rac t ion of the add i t i ona l area increase is
a t t r i bu ted to the t ractor , the benefi ts rema in very large. Ho w large the
benefi ts rema in can be seen f r o m the so-called economic r et u r n ,
w h i c h is 30 percent (not shown in Tab le 15). In this ca lcu lat ion the
"post- t ractor" area of the 202 farms is regarded as a project area, and
the net benefi ts f r o m prev iously f a rmed land acqu i red is no t coun ted
as a benef i t . O n l y the net benef i t f r o m rec la imed land is a t tr i bu ted to
the t rac to r -cum- tubewe l l package (a substantial 26.2 percent of al l
l and addi t ions) . T h e "economic" rate o f r e t u r n to the package
remains a very attract ive 30 percent, even t h o u g h the labor saving has
not been coun ted as a benef i t at a l l . Since labor is un l i ke ly to have a 
zero o p p o r t u n i t y cost, the economic rate of r e t u r n is probably an
underest imate, as is probab ly the case w i t h the social rate of 24.1
percent, where the same zero labor va luat ion has been used. T h e on ly
d i f ference between the economic and the social r e t u r n is that in terna-
t iona l prices have been used to value t rac tor investment , fuels, and
agr i cu l tu ra l ou tpu ts .

T h e substantial social rate o f r e t u r n to the t rac tor - tube-wel l
package is c lear ly caused by the o p p o r t u n i t y fo r land rec lamat ion and
o p p o r t u n i t y for tubewel l i r r i ga t i on .

Desai and G o p i n a t h estimate add i t i ona l net o u t p u t , bo th by
survey and p r o g r a m m i n g techniques. Of the three taluqs s tud ied by
t h e m on l y the results o f A n a n d are repo r ted . T h e authors repo r t that
in the o the r taluqs the re tu rns are m u c h lower, even u n d e r the
ex t reme ly favorable assumpt ions w h i c h they made. F u r t h e r mo r e ,
on l y results i n c l u d i n g receipts f r o m t rac tor rentals are shown. W i t h -
ou t r en t i ng , a l l benefits-cost rat ios c o m p u t e d by the authors are
drast ical ly reduced, most o f ten below 1.0. T h i s shows that r e n t i n g ou t
o f t ractors i s one way o f secur ing more attract ive rates o f r e t u r n .

T h e benefit-cost ra t io of 1.84, based on the survey, is a substantial
overest imate. I t is de r i ved by d i v i d i n g the present value of al l benefi ts
o f the t rac tor farms by the to ta l t rac tor and equ ipmen t investment . I t
thus assumes that the rate of r e t u r n to al l o the r investments—such as
i r r i g a t i o n a n d w o r k i n g capital—is equal to 10 percent , the bo r row-
i n g rate on capi ta l . I t f u r t h e r assumes that l and rents are equal to
marke t renta l rates and that en te rp reneur ia l rents are zero. De f in i te -
ly i r r i g a t i o n a n d w o r k i n g capi ta l investment shou ld also have been
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counted in the denomina to r . T rac to rs and imp lements are approx -
imate ly 66 percent o f a l l the capital w h i c h shou ld have been coun ted
in the denomina to r .4 0 U n d e r this adjustment, the benef i t ra t io o f 1.84
comes d o w n to about 1.2. Since many of the w o r k i n g capital invest-
ments have h i g h benefi t-cost rat ios, the one fo r the t ractor investment
must be even lower.

In the second Desai and Gop ina th result and in the r e m a i n i n g
two studies, the add i t i ona l net o u t p u t of t ractors is calculated by
c o m p a r i n g p r o g r a m m i n g solut ions o f t ractor farms w i t h those o f
bu l lock farms.

T h e in te rna l rates o f r e t u r n der i ved in this manner by Desai and
Gop ina th and by A h m a d reflect special features o f the i r models,
ra ther than h i g h real payoffs to tractors. Desai and Gop inath use the
i n p u t - o u t p u t coeff ic ients der ived f r o m the surveyed bullock farms for
the i r mode l o f the bu l lock fa rm and those o f the surveyed t ractor
farms fo r the t rac tor f a r m mode l . T h i s imp l i c i t l y amounts to assum-
i n g that t rac tor farmers, i f forced to r e t u r n to bu l lock and labor,
w o u l d reduce the i r fer t i l i zer and o ther i npu t levels to those o f the
bu l lock farmers w h i c h is qu i te unreal ist ic fo r most crops (such as
paddy or tobacco) g r o w n on these farms. F u r t h e r m o r e , the pro -
g r a m m e d t rac tor farms have 91 percent o f the i r land i r r i gated whi le
the bu l lock farms must do w i t h 77 percent. T r a c t o r farms are a l lowed
to spend Rs.27 l per hectare on n i t rogen , wh i le bu l lock farms can
spend on ly Rs.214 and w o r k i n g capital is constra ined to Rs.3,000 per
hectare for t rac tor farms wh i le bu l lock farms must make do w i t h
Rs.2,500.

I t is no t su rp r i s ing that in the f ina l solut ions, t ractor farms have
35 percent h igher intensi ty and an average y ie ld advantage of 16
percent ( compu ted f r o m the i r Tab le 8.12). N i t r o g e n , and not power,
is the most severe constra in t fac ing the p r o g r a m m e d farms and it is
thus impossible to regard the h i g h benefit-cost ratios of 4.4 as
at t r ibutab le to tractors.4 1

T h e T w o Pakistani studies by A h m a d and Gotsch and Yousu f are
stages in a who le series of p r o g r a m m i n g studies done u n d er the
guidance o f Car l Gotch over a n u m b e r o f years. Ahmad ' s l inear
p r o g r a m al lows bu l lock farms equal access to H Y V and fer t i li zer
technology, thus bo th types of farms can use the same p r o d u ct i o n

4 0T o t a l i n v e s t m e n t w o u l d i n c l u d e t r ac to r , i m p l e m e n t s , i rr i g a t i o n i n v e s t m e n t ,
f e r t i l i z e r a n d m a n u r e , pest ic ides, a n d c u r r e n t e x p e n d i t ur e s o n i r r i g a t i o n , t r ac to r , a n d
b u l l o c k p o w e r . T h e a p p r o x i m a t e c a l c u l a t i o n i s based o n Desai a n d G o p i n a t h Tab les 3.7,
7 . 1 , a n d 9 .2 .

4 1T h e a d j u s t m e n t o f the benef i t -cos t r a t i o t o t o ta l cap i t al i nves ted w o u l d a l r eady
b r i n g th is r a t i o d o w n t o a r o u n d 2.5, even i f a l l the o t h e r biases i n f avo r o f the t r a c t o r
f a r m s w e r e accepted .
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processes. T h e in te rna l rates o f re tu rns shown are those for si tuations
in w h i c h p r i o r investment in tubewel ls has been made on bo th the
t rac tor and the bu l lock f a r m . Without tubewells, a switch to tractors is
unprofitable in the programmed situation. T h e assumpt ion lead ing to h i g h
in te rna l rates of r e t u r n to t ractors is the pecul iar bu l lock constra int .
W h e n the f a r m in i t ia l l y acquires a tubewel l , i t is not a l lowed to
purchase add i t iona l bul locks to alleviate the clear labor bott leneck
w h i c h arises f r o m added i r r i ga t i on . However , i t is a l lowed to purchase
a t ractor . I t m i g h t be equal ly or more prof i tab le to add another
bu l lock pair to alleviate the power bott leneck, ra ther than to shift to
tractors. T h e t ractor investment seems to have h igh re tu rns and lead
to large intensi ty gains over and above the bu l lock f a r m , but the
bu l lock f a r m is unable to exp lo i t its tubewel l f u l l y on account o f an
ar t i f ic ia l power constra int .

T h a t this ar t i f i c ia l constra in t on bu l lock investment is indeed the
source o f the h igh rates o f r e t u r n is clear f r o m the Gotch and Y o u s u f
study, w h i c h uses in teger p r o g r a m m i n g but is otherwise the ident ica l
mode l o f Ahmad ' s study. W i t h in teger p r o g r a m m i n g , i t i s not possible
to compute separate rates of re tu rn to d i f ferent investments. However,
i t is clear that the p rocedure on ly results in t ractor (or any o ther
investment) i f the in te rna l rate o f r e t u r n exceeds the b o rr o w i n g rate
of 10 percent for f ixed capi ta l . F r o m the in teger so lu t ion i t becomes
clear that the pr ivate in te rna l rate of r e t u r n must exceed 10 percent
for the 20-hectare t ractor f a r m bu t must be lower than 15 percent fo r
the 10-hectare bu l lock f a r m . T h e results as pub l ished do not al low us
to pu t an u p p e r b o u n d on the pr ivate rate o f r e t u r n in the 20-hectare
f a r m . However , i t is clear that social re turns to t ractor investment on
the 20-hectare fa rm are less than 10 percent, wh i ch is m u c h less than
the 32 percent f o u n d by A h m a d . T h e reason is that the in teger
p r o g r a m chooses add i t i ona l bu l lock pairs ra ther than tractors to
overcome the power bot t leneck created by the increased tubewel l
i r r i ga t i on .

L inear p r o g r a m m i n g ef for ts thus appear to suffer f r o m a ten-
dency to grossly exaggerate the benefits and intensi ty gains a t t r ibu ta-
ble to t ractors. B. M. Sharma's 1975 study o f D e l h i t e r r i t o r y, w h i c h is
not repo r ted here in deta i l , also f inds large intensi ty increases in
p r o g r a m m e d solut ions, wh i le his survey results indicate no such gains
(his Tables V - l to V -17 ) . S imi la r p rob lems arise in the p r o gr a m m i n g
studies of Punjabi farms by A. C. Sharma. Most o f ten this arises
because, u n k n o w i n g l y , fa rmer behavior is const ra ined by innocent
l o o k i n g constraints. Even f ix ing the fa rm size in a l inear p r o g r a m
makes i t impossib le fo r the l inear p r o g r a m to h i re add i t i ona l l and
w h i c h a f a rmer de f in i te ly can.
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T h e r e is one large p r o g r a m m i n g e f fo r t wh i ch is not rev iewed in
deta i l here because it is not a imed at ca lcu la t ing benefit-cost ratios, bu t
aims at re la t ing investment behav ior o f Punjabi farmers over t ime
(Singh and Day 1972, 1975). I t departs f r o m the usual l inear
p rograms in two ways. First i t is dynamic , i.e. a sequence of l inear
p rograms are fo l l owed over t ime, and second, i t splits up mechanical
operat ions in to each o f its components . T h e usual p r o g r a m mi n g
techniques specify c r o p - p r o d u c t i o n processes fo r the t rac tor f a r m and
the bu l lock f a r m and requ i re that al l ag r i cu l tu ra l opera t ion for a 
g iven c rop -p roduc t i on process be p e r f o r m e d e i ther by bul locks or by
tractors. Day and Singh, in a m u c h more realistic e f fo r t , specify
processes for mechanical operat ions such as land p repara t ion , seed-
ing , i n te rcu l tu re , harvest ing, th resh ing , p u m p i n g , etc. Several alter-
nat ive processes are specif ied for each, so that th resh ing , for example ,
can be done by bul locks, t ractors, or threshers. In this way the o p t i m a l
p r o g r a m can choose an investment pat tern such that each opera t ion is
p e r f o r m e d by that technique w h i c h has the lowest cost at a given
momen t . These solut ions capture in an impressive way the selective
and sequential process o f ag r i cu l tu ra l mechanizat ion in the Punjab
and show the clear ra t iona l i ty o f the types o f mechanization and
ut i l i za t ion pat terns repo r ted here in Tab le 12.

T h e overa l l conc lus ion f r o m the benefit-cost analysis is that even
w i t h o u t c o u n t i n g the h igher post 1973 fuel prices, most rates of
re tu rns and benef i t cost rat ios presented in Tab le 15 are overest i-
mates o f the t rue rate o f re tu rns to t ractors. T h e M c l n e r ne y and
Dona ldson and the Gotch and Yousu f studies are notable except ions.
Most net benefits, bo th pr ivate and social, shou ld probably be close to
the break-even po in t , e i ther on the posit ive or negative side and most
m i g h t be negative at the h igher fuel prices of the late seventies. H i g h
net benefits seem s imp ly not to be achievable w i t h o u t area expansion,
and oppor tun i t i es fo r such expans ion or fo r massive land rec lamat ion
appear l i m i t e d in the subcont inent . H i g h pr ivate re tu rns are achieva-
ble by l and acquis i t ion f r o m o ther farmers (as in the case of the
M c l n e r n e y and Dona ldson study), but in the absence o f t rue l and
rec lamat ion the social re tu rns w o u l d be very low. F u r t h e rm o r e , the
benefit-cost studies are also unan imous in that p ro f i tab il i t y of t ractors
on small farms is very low ( H a n u m a n t h a Rao, Gotsch; compare also
w i t h M c l n e r n e y and Donaldson) . Smal l farms cou ld increase benefits
by h i r i n g ou t the tractors, bu t the survey evidence o f farms us ing
h i r e d tractors does not po in t to a great increase in net o u tp u t f r o m
tractor h i r i n g on those farms.
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V. / C O N C L U S I O N S

THE massive amoun t o f emp i r i ca l ag r i cu l tu ra l economies re-
search wh ich has gone in to the t ractor issue in South Asia en-
ables a m u c h clearer percept ion of the pol icy opt ions available

to these countr ies.4 2 T h e t ractor surveys fa i l to prov ide evidence that
tractors are responsible for substantial increases in intensity, yields,
t imeliness, and gross re turns on farms in Ind ia , Pakistan, and
Nepa l .4 3 At best, such benefits may exist bu t are so small that they
cannot be detected and statistically suppor ted , even w i t h very massive
survey research ef for ts. Th i s is in m a r k e d contrast to new varieties or
i r r i ga t i on , where anybody w o u l d be surpr ised i f he fai led to f i n d
statistically signif icant y ie ld effects, even in fa i r ly modest survey
ef for ts. Indeed , the fair ly consistent p ic ture emerg ing f r o m the
surveys largely supports the view that tractors are substitutes for labor
and bu l lock power, and thus impl ies that, at ex is t ing and constant
wages and bu l lock costs, t ractors fai l to be a s t rong engine of g row th .
T h e y w o u l d gain such a role on ly under rap id ly r i s ing prices of those
factors of p roduc t i on wh i ch they have the potent ia l to replace.

In view o f this Finding, many o f the benefit-cost studies repor ted
may have overest imated the benefits, bo th social and pr ivate wh ich
arise ou t of the agr i cu l tu ra l uses of tractors (see below on the

4 2O t h e r i n v e s t m e n t o r t e c h n o l o g y cho ice o p t i o n s are amenab le t o s tudy by s i m i l a r
research techn iques a n d p r o v i d e h i g h - p a y o f f research op p o r t u n i t i e s f o r t he e x i s t i n g o r
e m e r g i n g social science research capaci ty in these count r i es .

4 3P r o p o n e n e t s o f t he net c o n t r i b u t o r v iew o f t e n a rgue tha t the ev idence o n t rac to rs
is i nconc lus i ve , because i t is n o t the p o w e r u n i t per se w hi c h increases y ie lds b u t the
i m p l e m e n t g o i n g w i t h i t a n d t h a t emphas is s h o u l d b e o n i m p l em e n t s r a t h e r t h a n o n the
p o w e r u n i t . U n f o r t u n a t e l y , l i t t l e ev idence exists o n the y i e l d effects o f i m p l e m e n t s a t
t he f a r m leve l . F u r t h e r m o r e , since most i m p l e m e n t s can be des igned b o t h fo r t rac to rs
a n d bu l l ocks , i t i s n o t c lear h o w th is p o i n t s h o u l d affect po l i cy dec is ions on t rac to rs . I t
also needs to be stressed aga in , as in the sect ion on t r a c to r u t i l i z a t i o n , t ha t i t may be
p r i v a t e l y o p t i m a l f o r f a r m e r s t o mechan ize i n i t i a l l y o n ly those o p e r a t i o n s w h e r e
t rac to rs have a c o m p a r a t i v e advan tage even at l ow wage levels, n a m e l y those w h i c h
r e q u i r e c o n c e n t r a t e d p o w e r a n d / o r h i g h speed.

7 3



nonagr i cu l t u fa l uses). Except in si tuations where area effects are
possible—or by r en t i ng or b u y i n g land f r o m others—private re turns to
tractors f r o m agricultural operations must be close to zero, or even
negative at cu r ren t fuel prices.44

In the I n d i a n subcont inent there are probably a few areas
r e m a i n i n g where tractors are a pre-cond i t ion for area expansion by
rec lamat ion. In very-ar id tracts, such as Rajasthan, t ractors may—for
a given cost—allow the cu l t i va t ion of more land than can be done w i t h
bul locks, thus also lead ing to an area effect. In the very a r i d areas,
speed of ag r i cu l tu ra l t ranspor t is also at a p r e m i u m when compared
to more densely popu la ted areas, thus fu r the r con t r i bu t i on to a 
comparat ive advantage o f tractors there. These special cases w i l l
cont inue to p rov ide attract ive re turns for t rac tor investment, but
app ly on ly to very l im i t ed agroeconomic zones.

T h e basic conclus ion that, in the absence of area effects, not on ly
social but also pr ivate re turns have been lower than f o u n d by most
benefit-cost studies in the past, and that they are even lower 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 very clear. T h e
tractor made fa rm g r o w t h and self cu l t i va t ion easier and this oppor -
tun i t y was p icked up in a massive way by the larger farmers under the
increased p ro f i tab i l i t y o f f a r m i n g d u r i n g the late 1960's. Fur ther -
more , there was a massive subsidy on tractors in the late sixties in
Pakistan, ra is ing pr ivate re turns substantial ly above social ones. Ease
of self cu l t i va t ion and oppor tun i t i es for land expansion surely also
played a role in I nd ia , a l t hough predatory f a rm g row th of the type
observed in Pakistan was prevented by land ce i l ing and tenancy laws.
Un fo r tuna te l y , the I n d i a n studies do not general ly p rov ide data on
fa rm g r o w t h o f the t rac tor f a rm after t rac tor iza t ion occur red but
some scanty evidence of f a rm g r o w t h caused by tractors is available.45

I t nevertheless is clear that t ractors shift the cost advantage in f a r m i n g
towards the larger farms and that they therefore induce pressures
towards increased concent ra t ion o f landho ld ings in fewer hands. T h i s
is inconsistent w i t h the stated goal of pol icy makers in al l these
countr ies to achieve a more equal d i s t r i bu t i on of landho ldings .

In I nd ia , r i s ing wage and bu l lock labor costs must also have
con t r i bu ted to the pr ivate p ro f i tab i l i t y factor, at least in the late

4 4I t mus t aga in be stressed tha t the f i n d i n g s o f th is survey are n o t app l i cab le to
e n v i r o n m e n t s w i t h subs tan t ia l l y h i g h e r wages a n d w i t h a n o p e n l a n d f r o n t i e r .

4 5In Jodha 's (1974) Rajas than s tudy , in the most closely e x am i n e d v i l l age , the t o ta l
area u n d e r tenancy o r lease o r s h a r e c r o p p i n g inc reased f r om 70 ha i n 1964-65 to 130
h a i n 1973-74. T h e share o f sma l l f a r m e r s i n t o t a l l a n d o n lease d e c l i n e d f r o m 54.8 t o
11 .2%, w h i l e t r a c t o r - o w n i n g f a r m e r s increased t h e i r share o f leased- in l a n d f r o m n i l t o
7 6 . 5 % d u r i n g the same p e r i o d .
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1960s—the per iod o f most rap id t ractor investment. Most t ractor
investment was con f ined to areas w i t h r i s ing wage rates. T h is fact is
also an ind ica t ion that r i s ing wage rates, usually perceived as "scar-
c i ty " o f labor, were increasingly c o n t r i b u t i n g to the pr ivate t ractor
benefits. Of course, farmers cannot always f ind labor at al l t imes at a 
f ixed wage rate. A d d i t i o n a l labor has of ten to be at tracted f r o m
outs ide an area by wage rate rises. I f the rises needed are h i gh ,
farmers may prefer to mechanize, but pol icymakers m igh t consider
policies a imed at i m p r o v i n g labor mob i l i t y .

O u t r i g h t subsidies on tractors or interest rates played a lesser role
in I n d i a than in Pakistan. I n d i a even imposes an excise tax on
domestical ly p roduced tractors.

T h e benefit-cost studies pu t no value on nonagricultural benefits of
tractors. To anyone w h o has ever w o r k e d on a fa rm it is clear that it is
nicer to w o r k w i t h a t ractor than w i t hou t . T h e of ten incredib le
d r u d g e r y o f fa rm w o r k is not on ly reduced for the t ractor d r iver , w h o
usually is the fa rmer or his son (who m igh t not be interested in
bu l lock d r i v i ng ) , but also for the rest of the fami ly .

However , in an env i ronmen t of stagnant or dec l in ing wages, loss
of emp loymen t may rel ieve landless laborers o f d rudge ry but i t clearly
increases ra ther than reduces the i r su f fe r ing . T h e y have accepted to
p e r f o r m the arduous tasks on ly because they were forced in to them
by lack of better alternatives. As l ong as popu la t i on g r o wt h and slow
g r o w t h o f manu fac tu r i ng and ter t ia ry sector emp loymen t cont inue to
press on r u r a l wages, reduc ing d r u d g e r y is not a social benef i t . I t
simply redistributes benefits f rom the poorest groups to already r icher
strata o f the r u r a l society.

An add i t iona l nonagr i cu l t u ra l benefi t o f the t ractor is its use for
nonagr i cu l t u ra l t ranspor t , wh i ch provides consumer benefits and
sometimes nonagr i cu l t u ra l p roducer benefits. I t w o u l d be a serious
mistake to underest imate these benefits and the extent of nonagr icu l -
t u ra l uses by t ractor owners (Table 12) should convince us that they
do value those benefits h igh ly . N o r should we f r own on those
benefits, as is done by many t rac tor proponents . A f te r a l l , the u l t imate
goal o f any p roduc t i on is consumpt ion , and i f tractors prov ide d i rect
consumer benfi ts, what is w r o n g w i t h that—as l ong as it is not at
publ ic expense?

It is also clear to most observers that b ig farmers sometimes invest
in tractors and o ther machines in o rde r to avoid wha t—in the ir
j u d g m e n t — a r e prob lems o f labor management, d isc ip l ine and super-
vis ion, par t icu lar ly in view of the fact that the h igh y ie ld ing varieties
have led to increase labor d e m a n d and hence enhanced the barga in-
i n g power o f laborers in the areas where most t ractor investment
occur red .
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Given the nonagr i cu l t u ra l benefits o f t ractors, t ractor invest-
ments can occur even i f the pure ly agr i cu l tu ra l pr ivate net benefits
are somewhat below the break-even po in t , a l though the ra tiona l for
publ ic suppor t o f the investment disappears. T h e neglect o f these
benefits in benefit-cost calculat ions is un fo r tuna te , bu t easily ex-
p la ined by the d i f f i cu l t y o f es t imat ing them.

T h e o ther ma in conclus ion o f the surveys relates to the labor-sav-
i n g nature o f the t ractor investments. T h a t t ractor farms general ly do
not show m u c h less labor use per hectare than do bu l lock farms does
not i m p l y that they are not labor d isp lac ing. Wha t counts is, f i rst , that
the f requent ly h igher levels o f o u t p u t on t ractor farms (on account o f
the i r better capi ta l izat ion) are general ly p roduced by equal amounts
or even less labor. Second, even i f the t ractor investment left employ-
ment unaf fected, we must count the foregone emp loyment o f not
i n v e s t i n g t he a d d i t i o n a l c a p i t a l r e q u i r e d f o r t r a c t o r s i nt o
emp loyment -c rea t ing i r r i ga t i on or even nonagr i cu l tu ra l investments
as an e m p l o y m e n t cost of tractors.

Final ly, i t must be stressed that t rac tor iza t ion of agr icul tu re in the
subcont inent has not proceeded very far. I t has been conf ined to the
h igher wage areas, such as the Punjab, or to the more prosperous
coastal areas o f T a m i l N a d u and A n d h r a Pradesh. T h e r e is no
evidence whatsoever that t ractors have h igh benefit-cost ratios in
semi-ar id zones or even in the eastern rice belt of the subcont inent .
T rac to r i za t ion has f u r t he r been largely con f ined to operat ions such as
t i l lage and t ranspor t o f al l k inds in w h i c h e i ther power o r r u n n i n g
speed give i t a substantial comparat ive advantage. In part icu lar i t has
not yet been used fo r a host of h igh ly labor intensive operat ions such
as t ransp lan t ing or weed con t ro l ( in con junc t ion w i t h herbicides).
Nevertheless the potent ia l fo r such uses is there, as are o the r potent ia l
laborsaving innovat ions such as combine harvesters, threshers, or
herbicides. M a n y o f these innovat ions may be unpro f i tab le or on ly
marg ina l l y pro f i tab le at present, bu t may qu ick ly obta in a cost
advantage after fa i r ly modest labor cost rises. T a k e n together, the
potent ia l mechanical and chemical labor-savings innovat ions w i l l en-
sure a h igh ly elastic labor supply f r o m agr icu l tu re should wage rates
in the subcont inent start to rise due to v igorous nonagr i cu l tu ra l labor
demand .

We there fore must expect that, even w i t h rap id ly g r o w i n g labor
demands f r o m the nonagr i cu l t u ra l sectors, wages for unsk i lled labor
w i l l  rise slowly. A f t e r wage rises we must expect substantial shifts o f
pr ivate investment by farmers in to labor-saving technology. Th i s
investment process is l ike ly to generate a series of cei l ings on wage
rates. A t each o f these cei l ings the agr i cu l tu ra l sector w i l l  be able to
release massive amounts of labor w i t h o u t rap id rises in wage rates.
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A P P E N D I X — A
A M I N I M A L C O M M O N
F R A M E W O R K F O R
M E C H A N I Z A T I O N R E S E A R C H

TA K E N together, the l i te ra ture on tractors in southern Asia
shows that fa i r ly s imple fa rm level surveys combined w i th
s t ra igh t fo rward analyt ical tools can prov ide power fu l insights in

the p roduc t i v i t y and income d is t r i bu t ion consequences of agr i cu l tu ra l
machines at micro- levels. F u r t h e r m o r e , surveys can be st ruc tured in
such a way that the mic ro - f ind ings can be mean ingfu l l y aggregated to
at least reg ional levels. I t should be stressed that, in add i t ion to such
agroeconomic surveys, special ef for ts are now needed to investigate
issues connected w i t h the mach ine ry -manu fac tu r ing sector and w i t h
the effect of mechanizat ion on the laborers affected by them.

T H E M I N I M U M SCOPE OF T H E DATA

A machinery-consequences survey proceeds by ident i fy ing regions
and subregions where machines have been adopted in suff icient
number to make the enqu i ry mean ing fu l . W i t h i n this region , cluster
sampl ing techniques are used to ident i fy villages or groups of vil lages
in wh ich the enqu i ry w i l l  proceed. A census o f al l households in this
cluster is taken, wh ich , in add i t i on to names and addresses, prov ides
those pieces of i n f o r m a t i o n requ i red to draw a stratified random sample 
f r o m the household list. T h i s i n f o r m a t i o n includes ma in and sub-
sidiary occupat ion, size of land ho ld ing , i r r i ga t i on levels, educat ion,
machinery ownersh ip or machine use, and any o ther i n f o r ma t i o n
wh ich may bcome an ex ante s t rat i f icat ion variable. Completeness of
the census is essential for any later reg ional aggregat ion work .
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Strat i f icat ion is t hen done accord ing to mechanizat ion levels and
to l a n d - h o l d i n g size. I f i r r i ga t i on o r o the r variables vary substantial ly,
and are l ike ly to lead to serious d i f f icu l t ies o f i n te rp reta t ion o f the
results, add i t iona l strat i f icat ions have to be in t roduced . It is essential
to inc lude a landless labor sample in the scheme to estimate the incomes
d e r i v e d b y these g r o u p s f r o m e m p l o y m e n t d o i n g a g r i c u l t u r al
opera t ions—employment wh i ch m i g h t be lost i f these operat ions are
p e r f o r m e d mechanical ly.

For the r a n d o m sample, the m i n i m u m data base includes the
fo l l ow ing schedules:

1. Household member schedule 
Containing demographic educational and occupational data.

2. Cultivation schedule 
This schedule wil l most often be collected in several rounds over

one or several years. Information is collected and recalled on a plot
basis where plots are contiguous pieces of land planted to the same
crop. To be useful in answering timeliness questions, the data must be
collected operation-wise with one line on the schedule for each
operation. Operations must be dated so that delays and "turnaround"
times can be estimated and labor use can be estimated for peak and
off-peak periods. If possible, the schedules should be constructed so
that they can be analyzed by hand methods and/or directly com-
puterized without transfer to coding sheets.

The first step in the analysis of the schedules is the field-wise
summary of the data, which adds up all inputs and outputs for a 
season by category.1 The fieldwise summaries are fairly easy to
computerize whereas computerizing and analyzing the raw data is
usually a traumatic experience.

3. Animal care and tractor service schedule 
The basic purpose is the collection of cost and labor requirement

for draft animals and the fixed and variable costs and labor require-
ments for tractor service and repair including frequency, time, and
labor requirement in tractor repair shops.

4. Asset schedule 
Contains an inventory of machines, implements, animals and

consumer durables. The last item is required for analysis of data by
wealth class.

5. Plot inventory and crop rotation history over the past few years 
This schedule is crucial to obtain information of the impact of

mechanization on cropping patterns, farm growth, and land reclama-
tion. It must be collected for all sample households, including non-
mechanized farms and landless laborers, since the landless may have
become so only dur ing the past several years. Also, unless the

1T h e s e s u m m a r i e s are on the basis o f t he p lo t a n d n o t on a pe r ha basis, because o f
the need f o r a g g r e g a t i o n a t la te r stages.
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nonmechan ized farms arc i nc luded , one cannot sort ou t the quest ion
w h e t h e r changes in c r o p p i n g pa t te rn were caused by the machines or
by c o m m o n responses to c h a n g i n g prices or new variet ies, or whe the r
land rec lamat ion occu r red on l y on mechan ized o r also on n o n-
mechan ized farms.

A t t e m p t s can also be made to trace yields over t ime , but th is can
qu ick l y become inaccurate. Some i n f o r m a t i o n can be col lected on the
same schedule, such as " w h e n d i d y o u first use H Y V ' s or fe r t i li zer or a 
machine?"

6. The supplementary income schedule 

Co l lec t s da ta o n a l l wage a n d n o n a g r i c u l t u r a l i ncomes . I f
incomes f r o m an ima l husbandry are not col lected on schedule (3)
they have to be col lected here. A g r i c u l t u r a l labor income has to be
disaggregated by task. H o w many hours o f p l o u g h i n g , weed ing ,
harvest ing , t h resh ing ; and at what wage rate.

M I N I M U M T A B U L A R ANALYSIS O F T H E C U L T I V A T I O N
SCHEDULE

Cul t i va t ion schedules can be analyzed in many ways, but two
crucia l types of analysis are requ i red :

(a) Timeliness and cost of delays.
The first author producing such tables was A. S. Kahlon (they

are partly reproduced in Table 10 of this monograph). It can serve as
an example of analyzing the effects of delays in weeding or harvest-
ing as well.

(b) Input-output relationships by farm type/farm size class.
These input-output tables are basic to any further analysis—such

as decomposition, benefit-cost analysis, linear programming, quadrat-
ic programming, regional projections, regression analysis, etc. They
are grouped by crop and can be organized as in Appendix Table 1.

T h e i nd i v i dua l cells in the i npu t -ou tpu t tables are al l physical
quant i t ies or values per ha. T h e subtotals and totals are values per 
ha of gross cropped area in a given farm class, because w, is the share
of c rop i in gross c ropped area. An except ion is EiStY, where s( is a 
value aggregate. T h e tables can be made as compl icated as desi red.
For example one can break ou t on ly total t ractor labor or break that
d o w n in to f ie ld p repara t ion , i n te rcu l tu re , t ranspor t and harvest ing.
One can also d is t inguish owned bu l lock and h i r e d bu l lock hours ,
and can break d o w n the labor hours by opera t ion . W h e n breakdowns
become very f ine, i t makes sense to spl i t the tables in to several
subtables. Note that the i npu t -ou tpu t table can be b roken d o w n on ly
to the level o f the f ie ldwise summary discussed earl ier. T he r e must
be a correspondence of the f ie ldwise summary w i t h the m i ni m u m
breakdown o f the i n p u t - o u t p u t table.
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D E C O M P O S I T I O N A S A M I N I M U M A N A L Y S I S

Decompos i t ion of ou tpu t and labor-use dif ferences may be one
of the most power fu l analyt ical tools to be used w i t h mechanizat ion
survey data. T h e precise decompos i t ion a t tempted w i l l depend on the
local condi t ions and on the machines now used on mechanized and
nonmechan ized farms. T h e advantages o f decomposi t ion over p ro-
g r a m m i n g , s imula t ion , or regression techniques der ive fr om its
compu ta t i ona l s impl ic i ty because it can be done w i t h a simple cal-
culator . I t is essential for benefit-cost studies of the budge t i ng type
wh i ch requires a t t r i bu t i on of benefits to machines. Final ly, i t can be
unders tood by people w i t h backgrounds wide ly diverse in terms of
disc ip l ine or level o f t r a i n i ng . I t is not compet i t ive w i t h more complex
techniques, but these shou ld on ly be at tempted where compu te r
facilit ies and concentrated analyt ical man-power make them feasible.2

Output Decomposition into Intensity, Yield, and Cropping Pattern Effects. 
T h e goal of this decomposi t ion is to split up the ou tpu t differences
observed between farms " w i t h and w i t h o u t " cer ta in machines or
"before and after" investment in cer ta in machines in to an intensity,
yield, and c ropp ing pattern component. Once that is done, one can ask
m u c h more precisely how each of these effects may have arisen and
whether a par t icu lar machine was causal for achievement of the
effects. Toge the r w i t h i n f o r m a t i o n about dif ferences in i rr i ga t i on ,
c r o p p i n g pat tern , and y ie ld-ra is ing investment such as fert i l izers, a 
clear p ic ture of the o u t p u t effect of a given machine can usually be
obta ined. In what fol lows, a mathemat ica l der iva t ion is given in a 
cont inuous func t ion f ramework . Of course, a t the fa rm level observed
changes in c r o p p i n g pat tern ( for example) are discrete, and the
discrete case is discussed later. T h e fo l l ow ing notat ion is used:

Y i = yield of crop i Pi = price of crop i 
yi = YiPi = values of crop i per ha (yield in money terms). As in the

input-output table, H Y V and traditional varieties or i r r i-
gated and nonirrigated plots of the same crop are treated
as "different crops."

G = gross cropped area
A = operated area
N = net cropped area
F = fallow land = A - N 

fallow land wil l be treated as crop number zero

2 D e c o m p o s i t i o n goes back a l o n g way , a t least to M i n h a s ' wo r k . I t
used to ana lyze aggregate t ime-ser ies data . W h a t is p r o p o se d he re
analysis to d e c o m p o s i t i o n across f a r m types as w e l l .

has mos t l y been
is to e x t e n d the
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c = G/A = cropping intensity (alternatively c could be defined as
c* = G/N, but the extent of fallow is an important consideration
in the mechanization debate in some areas).

A i = area under crop i 
W i = Ai/G = proport ion of gross cropped area under crop i 
y = wiy i = value of output per operated area. This is the yardstick

of "productivity" of a farm class in meeting national production
goals.

st = w,yi/y. = value share of crop i in total value.

T h e decompos i t ion of total o u t p u t q goes as fol lows:

D i f f e ren t i a t i ng total ly

( I I )

T h i s equat ion can be conver ted i n to rates o f charge or p r o p o r t i o n a l
charge by:

—div id ing both sides of the equation by. q 
—div id ing and mult iplying the second and th i rd right hand side term

of equation II by yt and w, respectively.

A f t e r cancel l ing, we get the f o l l o w i n g expression

( I I I )

T h e three r i g h t hand side terms measure the c o n t r i b u t i o n to
the p r o p o r t i o n a l d i f ference i n o u t p u t per ha o f opera ted area o f
(a) in tensi ty , (b) y ie ld , and (c) c r o p p i n g pa t te rn changes. T h e y ie ld
effect (a) is the share-weighted sum of the y ie ld di f ferences of i n d i -
v idua l crops and the c r o p p i n g pa t te rn effect, (b), is the share we igh ted
effect o f the c r o p p i n g pa t te rn di f ferences.

W h e n conve r t i ng this equat ion i n to discrete effects, the f o l l o w i n g
nota t ion is adopted . Le t A and B be two d i f f e ren t f a r m types or one
f a r m type "before and af ter" acquis i t ion of a machine.

Let XA and XB the levels o f any measured variables i n the two
f a r m types and def ine the p r o p o r t i o n a l di f ferences,
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T h e R te rm is a " res idual" or " in te rac t ion" effect wh ich can be g iven
al ternat ive in terpreta t ions. I t is usual ly small and I pre fer to regard
i t s imply as a p p r o x i m a t i o n errors ar is ing out of the switch f r o m the
cont inuous to the discrete case. I t can be measured, and i f too large
relat ive to the o ther terms, helps p rov ide a check on spur ious effects.
T h e ou tpu t decomposi t ion is compu ted f r o m and displayed in
A p p e n d i x Tab le 2 wh ich corresponds closely to the two i nput -ou tpu t
tables of the two f a r m types compared .

A decompos i t ion table displayed in this fashion can give very
clear indicat ions o f the most impo r t an t source o f ou tpu t dif ferences.
I f i t is intensi ty, i r r i ga t i on data can be compared to see i f the i r r i ga t i on
di f ference is larger or smaller than the intensi ty di f ferences. Large
yie ld con t r ibu t ions can be compared w i t h fer t i l izer levels to see i f i t is
machine or fer t i l izer that is the p redominan t source of the y ie ld
di f ference. A n d large c r o p p i n g patter effects can be compared to
capi ta l and machine i npu t data to see whether or not the c ro p p i n g
pat te rn di f ference was cond i t iona l on the machine. I f a fa rmer plants
more maize after acqu i r i ng a maize planter , the machine was casual,
but i f o u t p u t on t ractor farms is h igher because they p lant more
tobacco, it is ha rd to believe that the t ractor was an essential p recond i -
t i on for the shift. I n te rp re ta t i on of these tables requires c o m m o n
sense and knowledge of the f a r m i n g si tuat ion in the area, but they
inc lude no compl ica ted techniques wh i ch are the exclusive preserve of
a single d isc ip l ine.

T H E D E C O M P O S I T I O N O F L A B O R USE F O R A S I N G L E C R O P

Raj K r i shna (1976) has shown how to decompose the labor-use
effect o f several layers o f in te rac t ing technologies in to the effects o f
single components . H is art icle also shows how to generalize that
approach to many crops and, as a last step, how to integrate the
f ind ings w i t h s tandard i n te r indus t ry i npu t -ou tpu t tables to get at the
ind i rec t e m p l o y m e n t effect o f ag r i cu l tu ra l technical changes in o ther
sectors of the economy. Th i s set of methodologies can be used in a 

3 I t i s i m p o r t a n t to measure p r o p o r t i o n a l d i f f e rences w i t h respect to average
t o keep a p p r o x i m a t i o n e r r o r s [ t h e R t e r m i n e q u a t i o n ( I V ) ] lo w .

levels
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step-wise fashion. Below, the pr inc ip le of labor decompos i t ion w i l l be
shown in a s imp l i f i ed example for a single c rop .

Operat ions can be d i v ided in to those where labor i npu t is (a) area 
dependent or (b) yield dependent. Let us consider on ly two, namely
p l o u g h i n g as type (a) and th resh ing as type (b). I f al l o ther operat ions
are pe r f o rmed in the same way on two fa rm types or "before and
after," they can s imply be neglected. T h e fo l l ow ing nota tion is used:

H o l d i n g al l labor coefficients v and u constant and d i f fe ren t ia t i ng
( V I ) and ( V I I ) total ly in succession and aggregat ing terms leads to
the fo l l ow ing equat ion:

(V I I )

Part (a) and (b) together are the effect of increasing the p r o p o r t i o n
of area under t ractor. T h e (a) par t is the d i rect effect of t ractor
p l o u g h i n g on the t ractor opera tor and bul lock d r i ver . Part (b) is the
ind i rec t effect o f t ractor p l o u g h i n g on th resh ing labor which occurs
i f t ractor p l o u g h i n g increases yields ( in the case of tractors, the y ie ld
di f ference is of ten zero so that this t e rm disappears, but i f i r r i ga t i on
were considered, the effect m i g h t be large). T h e (c) t e r m is the
thresher effect wh ich traces how m u c h labor is displaced by the
thresher.

Equat ion ( V I I ) can be t ranslated in to discrete terms by rep lac ing
dt and ds by At and As and by rep lac ing s by s = (sA + sB)/2 in the
(b) t e rm . U n l i k e the o u t p u t decompos i t ion , t rans fo rmat ion in to
p ropo r t i ona l di f ferences is no t s t ra igh t fo rward bu t i t can be done
once al l absolute effects are compu ted numer ica l ly .

Kr ishna's example is m u c h m o r e complex and considers two



varieties, three i r r i g a t i o n levels, and bu l lock and t rac tor farms. For
i n d i v i d u a l c o u n t r y studies, the decompos i t ion w i l l have to be w o r k e d
ou t d e p e n d i n g on the local cond i t i on , bu t the der iva t ions are s t ra ight -
f o r w a r d . I f des i red, who le farms can be cons idered by c o m p ut i n g
the labor decompos i t i on fo r a l l c rops—i .e . c o m p u t i n g the f u l l set o f
dLi and its components . T h e to ta l labor effect of a l l changes are
then c o m p u t e d as fo l lows, where L. is to ta l labor use on the f a r m

dL. = w.dL, ( V I I I )
i

Fo r i n d i v i d u a l components such as the t rac tor p l o u g h i n g effect,
s imi lar share-weighted sums can be c o m p u t e d as t ime and resources
pe rm i t .

REGIONAL AGGREGATION A N D PROJECTION O U T P U T
A N D LABOR EFFECTS

I f c lus tered s t ra t i f ied r a n d o m samp l i ng techniques have been
used, reg iona l aggregat ion and pro jec t ion is s t ra igh t fo rward and
proceeds d i rec t l y f r o m the decompos i t ion analysis. Rates o f add i t i ona l
mach inery investment can be assumed or pro jected f r o m past data
and t rans la ted in to reg iona l At and As project ions. T h e y can be
comb ined w i t h reg iona l benefit-cost analyses. N o r m a t i v e frameworks
such as l inear , dynamic , or in teger p r o g r a m m i n g can also be used
since the decompos i t i on analysis presupposes knowledge of a l l coef f i -
cients r e q u i r e d fo r these exercises. C o m p u t a t i o n o f ind i rec t emp loy -
men t effects outs ide ag r i cu l tu re presupposes the existence o f su f f i -
c ient ly d isaggregated i n p u t - o u t p u t tables and o f expend i tu re elas-
t icit ies o f i nc remen ta l income.
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A P P E N D I X — B

T R A C T O R I N V E S T M E N T A N D T R A C T O R P O L I C I E S I N I N D I A

Domest ic p r o d u c t i o n , impor ts , and total avai labi l i ty o f t ractors
(Table B - l ) indicate a slow rise of t rac tor investment up to 1965-66,
a r a p i d rise between 1966-67 and 1970-71, w i t h a peak of 32,041
tractors in 1970-71. Therea f te r investment declines to on ly 25,000
in 1973-74 and j u m p s back again to about 33,000 between 1974-75
and 1976-77.

F r o m 1964-65 onwards , domest ic p r o d u c t i o n exceeds impor ts in
most years. I m p o r t s decl ine f r o m 4,000 in 1967-68 to zero in 1976-77.
B u t between 1970-71 and 1972-73, impor t s j u m p massively to an
average of more than 8,000 per year for the 3-year span. Reasons fo r
this are exp la ined in Tab le B-2. P r io r to 1971, tractors were exemp t
f r o m i m p o r t tax. In 1971 a 30-percent tax rate plus a 10% excise du t y
was imposed. However , at the same t ime a gi f t scheme was in
opera t i on wh i ch con t i nued up to 1973.

U n d e r the g i f t schemes, relatives or f r iends res id ing abroad
pay ing in fo re ign cur rency cou ld send a t rac tor to a f a rmer in I n d i a
exempt o f al l i m p o r t and sales taxes. T h i s expla ins the t remendous
i m p o r t act iv i ty between 1970 and 1973; in 1973, the scheme was
stopped and al l i m p o r t s were banned.

T h e excise tax imposed on t ractors by the Cen t ra l G o v e r n me n t
has been 10 percent since 1972. No te that this is lower t han the excise
tax on fer t i l izers (and some o ther ag r i cu l tu ra l inputs ) w h ic h star ted at
10 percent in 1969 and was raised to 15 percent in 1972. T h e excise
tax is there fore no t d i s c r im ina t i ng against t ractors. T h e excise d u t y is
levied on the ex- factory pr ice, wh i le the cent ra l sales tax is levied on
the re ta i l pr ice at a rate of 3 percent u n t i l 1973, and 4 percent f r o m
1974 onwards . T h i s tax, a genera l revenue tax, is no t d i s c r im i n a t i n g
against t ractors. State sales taxes now vary f r o m 1 to 9 percent,
d e p e n d i n g on the state. As shown in footnote (c) to Tab le B-2, the
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T A B L E B - 1 . Import and Domestic Production of four wheel tractors. 

Y E A R

D o m e s t i c *

P r o d u c t i o n I m p o r t s b

T o t a l

A v a i l a b i l i t y

N o m i n a l Price"'

I n d e x Base 1965

Rea l Pr ice d

I n d e x Base 1965

6 1 - 6 2 8 8 0 2 9 9 7 3 8 7 7

6 2 - 6 3 1414 2 6 1 6 4 0 3 0
6 3 - 6 4 1983 2 3 4 9 4 3 3 2

6 4 - 6 5 4 3 2 3 2 3 2 3 6 6 4 6

6 5 - 6 6 5 7 1 4 1989 7 7 0 3 100 .00 100 .00
6 6 - 6 7 8 8 1 6 2 5 9 1 11407 118 .78 106 .10

6 7 - 6 8 1 1 3 9 4 4 0 3 8 15432 132 .30 102 .73

6 8 - 6 9 15437 2 5 0 8 17945 133.39 104.01

6 9 - 7 0 1 8 1 2 0 3 0 4 1 8 4 2 4 134 .14 102 .43

7 0 - 7 1 2 0 0 0 9 12032 3 2 0 4 1 134 .14 9 6 . 4 8

7 1 - 7 2 1 8 1 0 0 9 9 1 7 2 8 0 1 7 143.57 9 9 . 4 4

72 -73 2 0 8 0 2 3 0 7 7 2 3 8 7 9 165.86 106 .52
7 3 - 7 4 2 4 4 2 5 5 7 4 2 4 9 9 9 168 .56 9 0 . 6 9

7 4 - 7 5 3 1 0 8 8 6 5 2 3 3 7 4 0 2 0 0 . 7 5 84 .93

7 5 - 7 6 3 3 2 5 2 2 3 3 2 5 2 2 6 5 . 1 1 110 .52

76 -77 3 3 1 4 6 — 3 3 1 4 6

S o u r c e : a I n d i a n Soc ie ty o f A g r i c u l t u r a l E n g i n e e r s , F a r m M a c h i n e r y D i r e c t o r y ,

1 9 7 7 - 7 8 .
b M r . P . J . Z a c h a r i a , P e r s o n a l c o m m u n i c a t i o n o n t h e basis o f m o n t h l y stat ist ics

o f F o r e i g n T r a d e o f I n d i a , v o l . 2 .
c M r . P . J . Z a c h a r i a , M a c h i n e r y D i v i s i o n , M i n i s t r y o f A g r i c u l t u r e a n d I r r i g a -

t i o n .
d B a s e d o n w h o l e s a l e p r i c e i n d e x o f a l l c o m m o d i t i e s . B u l l e t i n o f f o o d stat ist ics,

G o v e r n m e n t o f I n d i a .

S o u r c e : a I n d i a n Soc ie ty o f A g r i c u l t u r a l E n g i n e e r s , F a r m M a c h i n e r y D i r e c t o r y ,

1 9 7 7 - 7 8 .
b M r . P . J . Z a c h a r i a , P e r s o n a l c o m m u n i c a t i o n o n t h e basis o f m o n t h l y stat ist ics

o f F o r e i g n T r a d e o f I n d i a , v o l . 2 .
c M r . P . J . Z a c h a r i a , M a c h i n e r y D i v i s i o n , M i n i s t r y o f A g r i c u l t u r e a n d I r r i g a -

t i o n .
d B a s e d o n w h o l e s a l e p r i c e i n d e x o f a l l c o m m o d i t i e s . B u l l e t i n o f f o o d stat ist ics,

G o v e r n m e n t o f I n d i a .

S o u r c e : a I n d i a n Soc ie ty o f A g r i c u l t u r a l E n g i n e e r s , F a r m M a c h i n e r y D i r e c t o r y ,

1 9 7 7 - 7 8 .
b M r . P . J . Z a c h a r i a , P e r s o n a l c o m m u n i c a t i o n o n t h e basis o f m o n t h l y stat ist ics

o f F o r e i g n T r a d e o f I n d i a , v o l . 2 .
c M r . P . J . Z a c h a r i a , M a c h i n e r y D i v i s i o n , M i n i s t r y o f A g r i c u l t u r e a n d I r r i g a -
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G o v e r n m e n t o f I n d i a .
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t i o n .
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G o v e r n m e n t o f I n d i a .

S o u r c e : a I n d i a n Soc ie ty o f A g r i c u l t u r a l E n g i n e e r s , F a r m M a c h i n e r y D i r e c t o r y ,
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o f F o r e i g n T r a d e o f I n d i a , v o l . 2 .
c M r . P . J . Z a c h a r i a , M a c h i n e r y D i v i s i o n , M i n i s t r y o f A g r i c u l t u r e a n d I r r i g a -
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T A B L E B - 2 : T a x Pol ic ies o n T r a c t o r s , Fue ls a n d F e r t i l i z e r s

Y e a r

Ex ise

d u t y

o n f e r t i -

l i zers

Exc ise
d u t y o n

F a c t o r y

p r i c e o f

T r a c t o r s "

I m p o r t

D u t y

o n

T r a c t o r s

C e n t r a l

Sales

T a x o n

Re ta i l

Pr ice o f

T r a c t o r s

S la te

Sales

T a x o n

R e t a i l

Pr ice

o f

T r a c t o r s

I m p o r t

d u t y o n

d iese l

f u e l

Exc ise

d u t y o n

d iese l

f u e l

(Rs. p e r

k i l o - l i t r e )

1969 1 0 % 0 0 3 % N . A . 1 0 0 % N . A .
1 9 7 0 1 0 % 0 0 3 % N . A . 1 0 0 % 2 8 7 . 7 0

1971 1 0 % 0 3 0 % b 3 % 1/2 t o 9%c
1 0 0 % 2 8 7 . 7 0

1972 1 5 % 1 0 % 3 0 % b 3 % 1/2 t o 9 % c 1 0 0 % 2 8 7 . 7 0

197S 1 5 % 1 0 % B a n o n

i m p o r t s

3 % 1/2 to 9 % c 1 0 0 % 3 2 9 . 0 0

1974 1 5 % 1 0 % 4 % 1 t o 9 % 1 0 0 % 3 2 9 . 0 0

N . A . : N o t ava i l ab le .
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sales tax is lowest in the Punjab where most of the t rac tor investment
is concent ra ted—the rate is on ly 1 percent. In genera l the sales tax
seems to be l ower in those states w i t h heavy t rac tor investment .
T r a c t o r fuels have been taxes at a 100-percent rate t h r o u g h ou t the
pe r i od .

T h i s tax is again no t d i sc r im ina to ry , as i t appl ies equal ly to a l l
diesel fuel , regardless of its use. Final ly , there are some m i n o r taxes
on impo r t s o f t rac tor components w h i c h are not p roduced domest i -
cal ly, bu t the i r to ta l effect is smal ler t han any of the taxes discussed so
far.

T h e sharp f luctuat ions in tota l t rac tor avai labi l i ty after 1971 (a
p roxy fo r sales) appears to be p r i m a r i l y a re f lec t ion of the changes in
i m p o r t pol icy and the impac t o f h igher fuel prices after the f o r m a t i o n
o f an effect ive O P E C car te l . Real prices o f t ractors i n terms o f
ag r i cu l t u ra l commod i t i es shows no def in i te t r e n d between 1965-66
and 1975-76.

In Tab le B-3, the a l l - I nd ia t rac tor stocks for the ag r icu l tu ra l
census years and the b r e a k d o w n by states are g iven. In add i ti on ,
t rac tor densit ies per 1000 ha of gross c r o p p e d area are presented.

I t is clear that by 1972 t rac tor iza t ion (w i th a tota l stock of about
148,000) had not proceeded very far. T rac to rs are heavi ly concen-
t ra ted in the Punjab, western U t t a r Pradesh, and Haryana. Tr a c t o r
densit ies give an even better p ic ture o f the reg iona l concent ra t ion .

T h e r a n k i n g accord ing to t rac tor densit ies clearly corresponds to
the extent in w h i c h a state has benef i ted f r o m the green re v o l u t i o n —
Punjab, Haryana, U t t a r Pradesh, Gujarat , T a m i l N a d u , Rajasthan,
etc. A n d h r a Pradesh benef i ted more f r o m the green revo lu ti on t han

Source: a ) P . J . Zacha r i a , Cost R e d u c t i o n o f M e c h a n i z a t i o n I n p u t f o r I m p r o v i n g
A g r i c u l t u r a l P r o d u c t i o n , M a c h i n e r y D i v i s i o n , M i n i s t r y o f A g r i c u l t u r e a n d
I r r i g a t i o n , N e w D e l h i , J a n u a r y 1976.
A l s o pe rsona l c o m m u n i c a t i o n b y M r . Zacha r ia .
Exc ise d u t y on p o w e r t i l l e r s was set a t 15% a n d was w i t h d r aw n on D e c e m b e r
2 , 1977 ( E c o n o m i c T i m e s , D e c e m b e r 3 , 1977) .

b ) I n a d d i t i o n , a n excise d u t y o f 1 0 % o n l a n d e d cost was i m po s e d . F r o m 1971
t o 1973, a g i f t scheme was i n o p e r a t i o n w h i c h a l l o w e d the i m p o r t o f t r ac to r s
free o f a l l taxes a n d du t i es , p r o v i d e d the f o r e i g n e x c h an g e was p a i d f o r b y
re la t ives r e s i d i n g a b r o a d .

c ) In 1975 the State Sales T a x e s on t rac to rs f o r selected states w e r e as f o l l o w s :
Pun jab 1 % ; H a r y a n a 4 % ; D e l h i a n d Ra jas than 5%; A n d h r a P radesh ,
G u j a r a t , Wes t B e n g a l , U t t a r P radesh 6 % ; B i h a r , K e r a l a 7%; M a h a r a s h t r a ,
M a d h y a Pradesh , Or issa 8%; T a m i l N a d u 9%; Sales T a x e s w e r e t h e r e f o r e
the lowest i n those States w h i c h a c c o u n t e d f o r t he b u l k o f t r a c t o r sales.

d ) I n d i a n C u s t o m s a n d C e n t r a l Exc ise T a r i f f s , V o l . I a n d I I .
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its rank 11 impl ies, bu t the green revo lu t i on was concentra ted in a few
coastal distr icts w i t h the rest of the state hard ly bene f i t ing at a l l .

T A B L E B - 3 : F o u r - w h e e l t r a c t o r s u s e d f o r a g r i c u l t u r a l p u r p o s e s

i n I n d i a

a l l I n d i a

1945

1951

1956

1961

1966

1972

4 , 5 0 0

8 ,600

2 1 , 0 0 0

3 1 , 0 0 0

5 4 , 0 0 0

1 4 8 , 3 0 0

by States

State 1961 1966 1972

T r a c t o r d e n s i t y

( n o / 1 , 0 0 0 ha)

d u r i n g 1972

R a n k based

o n d e n s i t y

A n d h r a P r a d e s h 1,762 2 ,911 6 , 3 0 0 . 4 9 7 9 11

A s s a m 4 8 9 8 3 4 5 0 0 b . 1764 15

B i h a r 1,520 2 ,132 5 ,600 .5242 8

G u j a r a t 2 , 0 0 5 3 ,284 7 ,900 . 7 9 5 3 4

H a r y a n a " 4 , 8 5 0 1 8 , 4 0 0 3.645 2

H i m a c h a l P r a d e s h 4 33 3 0 0

J a m m u & K a s h m i r 132 104 5 0 0 .5773 7

K a r n a t a k a 9 8 1 2 ,295 5 ,700 .5187 9

K e r a l a 2 7 6 4 1 8 1,500 .5071 10

M a d h y a P r a d e s h 2 ,025 2 ,513 5 ,000 . 2 3 9 3 14

M a h a r a s h t r a 1,427 3,274 5 ,600 . 3 2 0 3 12

Or i ssa 194 6 6 7 1,800 .2556 13

P u n j a b a 7 ,866 10 ,646 4 2 , 4 0 0 7.407 1

R a j a s t h a n 3 ,196 4 ,195 11 ,700 . 6 9 7 5 6
T a m i l N a d u 1,387 3 ,278 5 ,400 .7083 5

U t t a r P r a d e s h 7 ,139 10 ,139 2 7 , 6 0 0 1.19 3

Wes t B e n g a l 3 3 0 1,548 7 0 0 .0963 16

U n i o n T e r r i t o r i e s 2 8 3 702 1,400

Source: V a r i o u s Issues o f S ta t is t i ca l Abs t rac t s o f I n d i a .
a H a r y a n a i n c l u d e d i n P u n j a b ( u n d i v i d e d ) i n t h e y e a r 1 9 6 1 .
b A s s a m has b e e n sp l i t i n t o seve ra l states b e t w e e n 1961 a n d 1 9 7 1 .

Source: V a r i o u s Issues o f S ta t is t i ca l Abs t rac t s o f I n d i a .
a H a r y a n a i n c l u d e d i n P u n j a b ( u n d i v i d e d ) i n t h e y e a r 1 9 6 1 .
b A s s a m has b e e n sp l i t i n t o seve ra l states b e t w e e n 1961 a n d 1 9 7 1 .

Source: V a r i o u s Issues o f S ta t is t i ca l Abs t rac t s o f I n d i a .
a H a r y a n a i n c l u d e d i n P u n j a b ( u n d i v i d e d ) i n t h e y e a r 1 9 6 1 .
b A s s a m has b e e n sp l i t i n t o seve ra l states b e t w e e n 1961 a n d 1 9 7 1 .
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