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MECHANIZATION, LABOR-USE AND PRODUCTIVITY
N INDIAN AGRICULTURE
In the process of economic growth different inputs keep losing or.
gaining their importance as available resource-mix and level of development
move to a higher plane. A factor crucial at one stage may not remain so at
the cubsequent stage and a factor with zero or low marginal productivity
might turn out to be a strategic input as the economy moves on a growth path.
Something simjlar is happening to the use of mechanical power in agriculture
in India, which has a relevance to many other developing countries with a
high density of labor and low availability of capital. Till recently draft
poﬁer (both stationary and motive) vas generally considered to be a surplué
resource in the situation of small farms operated with bullocks, mainly
owned capital and abundantly available family labour as well as hired labor.
‘Most of the farm management studies aiming at improving the resource-use
efficiency, therefore, assumed, explicitly or implicitly, draft power to be
a surplus resource not putting any restraint on production programs of the
farmers. A few of the studies even concluded, by implication, that :apital
was surplus of the farm requirements. Some arguements based on studies in
economics of farm‘managementl/went to the extent of establighing the superi=-
ority of small farms over the larger farms, because of abundantly available

bullock power and family labor%/Apparently convineine arguments are being put

l/Government of India, Studies in Economics of Farm Management (For 8 cen-
tries in India)--1954=55 to 1956~57, Directore of E onowics & Statistics,
Ministry of Ford and Agriculture, New Delhi, 1959,

g/Kahlon, A,5 and S.S. Johl, "Productivity on Swall Farms''. The Econumic
Wcekly, Vol, 14 (25) Bombay, 1964 pp. 985-986.



I PR

fforth“inyfsvor of small farms, labor-intensive technology and against mechani-

‘and other such developing econo-"
mie which have abundant labor supplies and.are,short of capital. However,

1*hese arguments in some cases emerge out of analysis of a static picture of

the economy and in many cases are theoratical abstractions. Time dimension
and speed of change are, often ignorud._ There is, therefore, a need to

.carefully exarine various aspects, influences ‘and implications of introducing’

‘and enhancing the availability of mschine-power, espscially tractora, on:: ,“fi

.agricultural and over all growth of a developing economy such as. Indiaff;;i}j?
ﬁ an analysis will be helpful in delineating reasonable and feasible modelﬁfél,:
- mechanical power-use in other developing countries also. This paper, with“
lpno intentions or presumptions of providing complete or in any way finallhf;
f;analyois, is an attempt to put forth some arguments on the process and im-i
fplications of introducing mechanical power in the agricultural sector of the #

developing economies. This paper thus specifically aims at setting the ar-
. guments on the following aspects: | o

(l) Relationship of mechanical power use with labor employment in :
the agricultural sector on micro as well as sectoral level, ,;

f(2) Subsidiary or accompanying influences of mechanical power-use in
~agriculture on non-farm job opportunities, and ;

[(g) Other economies, diseconomies and influences on economic, hP:T‘;
and political matrix of the. economy..w AR

"1 realize that these objectives sound a little too impressiv;'
ding to be fully explored in this paper. Yet, the aim of this writgﬁup
fis only -to put forth some srgumenta, as far as possible suppo;ted with data
to be persued further. Imny of the points in arguments here will not be |

new, yet the purpose is to consider them f rom different angle.

M:chanical Power, Labor-use and Productivity

Power (both stationary and motive) is as good a resource in farming as

eny other resource such as land, labor and other items of capital. These
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resources influence and get influenced in their productivity by the total
‘productivity of the firm and the level of factor-use (management considered
as a factor of production). Other factors and influences held constant,
‘marginal productivity of any of these resources will follow a classic pro-p
duction~-response path. The use of abundant (free) resource is, therefore,
liable to be pushed to the point of zero marginal product. Labor is con-”f

sidered to be such an abundant resource in India and many other developing

countries. Considerable interest therefore, has been generated in labori;
use patterns and its productivity. Some considering labor to be
(or at least abundant) resource, recommend its intensive'use andrd‘ not?con-iw
sider it advisable to introduce mechanical power, especially tr tor

Machines (and tractors) use scarce capital resources and replace abundantly fg

available labor resource creating more unemployment with the consequences of ;

mal-distribution of incomes and poverty of masses outflow of labo_,t' citie37

aggravating slum conditions and leading to social as well as economic polari{v

zation in the economy. These arguments look simple, straight and apperentlyg,

so true that one is liable to agree out-right. But, this argumenttloses‘

sight of the time dimension and the feedback influences of tthprocess,of,

mechanization., It would hold true Lif one analyses the economy |

situation and a once~for-all replacement of human labor, or a_ least

part of it, with mechanical power. There will be 11ttle room't quest on he
argument on economic grounds because of near zero or low opportunity cost,of”
labor and high opportunity cost of capital. On social and political grounds
labor substitution with capital under the situation'of millions of people
unemployed or under employed, will be disasterous. This argument loses much
of its validity when mechanization is visualized as a process of slow and
orderly adoption of machines with all complimentary effects on demand for

other inputs and in the process on demand for labor. Machines substitute for
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,labour in” the performance of certain: farm operations at axgiven level of

et it enhances the capability to perform these operations more num
:ber ofhtimes and necessitates some other operations which otherwise would
ot been performed Mechanical-=power use thus has a complimentary

effectfon labour-employment ‘at the farm=-firm level. On farm-firm level, if{;

mechanical-power use substitutes for labour, it does so only at an advancediﬁ
phase of expansion path. The fact is often not fully appreciated that in ,f
the underdeveloped agriculture a vicious circle gets established where low j
level of power-use (tractors, pumps, other machines and accompanying imple-,
ments) does not permit full utilization and development of other scarce re-l

;Jv

Qsource such as intensive use of land irrigation development reclamationjﬁ

fand‘perservation of dry and cultivable wasteland and above all timely and

{proper performance of farm operations. Adoption level: of technological in-,

’novations‘thus remains low. Growth of the farm-firm, horizontally 4nd verti-'

comes to a stop.n As a result, resources such as, labor, which are

‘exo'?nous to the business of agriculture depending upon natural growth of

population, go surplus and agricultural economy establishes a. low-level-‘i
equilibrium with lots of farm labour under-employed or- disguisedly unemployed
No wonder this low-level-equilibrium reconciles with low capital availability
and with given (traditional) techniques of production the farm-firms show no :
further demand for working capital-L Ii availability of most limiting re-
source (capital in general and mechanical power in particular) is not en= -
hanced  the potential of growth remains unexploiteo.

Unfortunately, in most of the arguments against mechanization, econo”_st

zsed to aggretative analysis, assume human -labox and machines suoolvine'thed

L/ ¢ the annual conference of Indian Society of Agricultural Economics at
Anand, 1966, some participants held the view that Indian farms were not
capital starved, because their existing production programmes did not
show demand for working capital,
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same motive-power to the farm from two different sources; which is not true.
'Power supplied by labor and that supplied by machines cannot be aggregated'
as one homogenous input, Hand labor (or labor with traditional toola)‘caa
not do that job as human hands can do with the help of machines. Ofteh;hf
and esperially so in the initial stage of growth of agricultural economy,
machines serve as better tools in the hands of workers to do certain jOhs
which they cannot do or do so well without these machines. Here the oddaf
go against machines only that much as they would go against introduction ofp
'improved implements to replace traditional wooden plow. Agrument in this |
:respect can be simplified as: (1) labor with traditional implements and
tlabor with machines are two sources supplying two different categories of .
power, which cannot be aggregated, (2) second category of power is a limit-v
ing resource on under developed agriculture to- keep farm-labor use and its

fproductivity at a low level,'and (3) once thia restraint is removed farmr

;India which ia a apectacularﬁcaae cf faat improving agriculture and rapid

iexp vsion in mechanical'power-use on farms. .

i Table-l depicts the situation of a section of farmera (progressive
jfarms) vhich fall in the categories of innovatora or early adopters on the?;
adoption scale. It can be reasonably assumed that what ia their stage toeﬁf
day in a cross-section of the farmer-population, can be the stage of lesa
progressive and late adopters in the time series situation in future.jflx’
realize it is not a perfect assumption, but I believe it to be a reasonable
and practicable assumption considered from the view point that economic en=
vironment, capabilities and feasibilities for an entrepreneur change in a

consistant manner in a set direction as he moves on adoption path through
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aa ely aeaumed that over time other farmers will be what,progresaive farmers
are today. As the rate and degree of change in agricultural adjuatments .
slow down at higher levela, there will be higher and higher concentration on;
upper levels of adopiion curve and more farmers will enter the category of |
progreaeive farmers. Mey be the apeed is different the direction of changef
will be the same. R‘al move towarda mechanization of farm operation in
Punjab started in the year 1966-67 as a reault of introduction of high
iyielding wheat varieties, demanding higher uge of fertilizers, more irriga-
'tion and more careful management. Coupled with aesured high prices, higher
,yielde on thia crop and some othera auch as’ maize and ground-nut made it re-t
{numerative to reclaim culturable waatelands and use cultivated lands morevﬁ;l
;inteneively. Bullock power available with'the farmera turned out to be in-
4capable of doing‘these jobs. Bullock power, therefore, started being sub-

atituted by tractore wnd pumping eeta 'operated with electric and oil en- o

':Thia aubstitution was especially necesaitated by the eerioua in-k~

ability an;,inadequacy of bullock-power to- do harveating and sowing opera-

tiona'in time to leave sufficient margin for preparation of fields for the

following crop and to save the crop from. damage by rains. Since the new.

:Qrietiea of crops required higher dozes of fertilizer, 1rrigation, °“1'

turalboperatione and after-care, demand for labor exceedad the availabili~
tiea-on the farms. Mechanization of farm operationa under the new economicv
envir'onment, thus started taking place generating forces that made it possi-
ble to increase intensity of cropping, bring new lands under cultivation and
perform agricultural operations more intensively, timely and properly. A4s
a result demand for labor increased and continued increasing. It is showing

no signs of decline so far. Figures in Table 1 provide magnitudes of these




~ changes in respect of a sample of progressive farms in the statei”Overfa
:period of four years average cultivated area increased by about 11%. Cropped ;
area increased by over 26% with an over-all intensity of cropping increasing ’
from 126.69% in 1966=67 to 144.26% in 1569-70. As a result of this expansionf‘
-in crop acreage horizontally as well as vertically labor-use on the farms '/
fincreased by over 58 percent during this period. This increase in intensity
jwas made possible through the use of tractor pcwer and water pumping machines.f
JTractor power use increased by over 44 percent. Tiactors and pumping sets
'coupled with wheat thrashing machines replaced bullock pover, reducing its
use to less than 28 percent of what it was in 1966-67. These data show a [
.high degree complementarity in mechanical power use and labor employment on
,farms. Substitution took place only for bullocks (animal draft power) |
: Punjab Board of Economic Enquiry data also support this line of argu-

fment'-uTable 2 provides data on three selected years over a period of more;

§than 'en years.: Although no direct conclusion on association of mechanical
jpowe use.and labor employment can be drawn from these data, because infor-fﬁ

mation on degree of mechanization of these farms is not available, it can be

safely assumed that this sample of farms also got mechanized to the aame de?fﬁ

'gree as others in the state. If degree. of mechanized of these farmsfﬁiél
tassumed to be fairly high as on average farms, increase in labor use\and.
intensity rf cropping suggests a high degree complimentarity between me-
chanical power-use and labor employment: compared to 1955~56, employment g
of farm workers in terms of number of days employed in a year increased by
about 26 percent in 1964-65. As process of mechanization proceeded faster_'
in the next three years, employment increased by another 24 points. Not :
only employment increased in terms of number of days worked during the year,
it also increased in terms of number of hours worked in a day. Where as
wer-all employwent increased by 647 in one decade of slow adoption of

improved technology and mechanization, it increased by further 66 points



Tab1e“1~f"

Changes in Farm Labour, Bullocks and Tractor Use in Punjab
o based on a sample of progreesive farms in Punjab¥®* -

S S . Intensity Total Labour Used . Bulloclk - . Tractor
Year - __Average Acreage .. of Labor per culti- per cropped ‘hours used per hours used

- Cultivated Cropped “Ctogging Used ~ vated acre acre crogged acre. per cropped. aére
S oo+ <+ (M. Hours) - (M. Hours)

1966-67  33.19 42,05 126.69 11481 273 246 }127;53v 11.94
1967-68 -~ 33.87 4473 . 132.06 13821 309 408 ;76'15" .
1965-69 36.85  49.89  135.39 16310 327 443 48 4

1969-70  36.78 . 53.06  144.26 . 18145 ‘342 490 “35.66°

“Fron the files of Department of Economics and Sociology, Punjab Agricultural Usivevsity, Ludhisna. |
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Table 2

. Manual labour put in per farm-worker
and intensity of cropping in central Punjab
(Based on Farm Accounts in Punjab)

Days Hours Intensity

Year per_anum ner_day of cropping -
1955-56 196.1 4,35 o115
1964-65  243.5 534 l4bkd

1967-68 © 295.5 - 646 - 155.3

;Sodrce: The Board of Economic Enquiry, Punjab, Farm Accounts in the ~;,’a
Punjab, 1955-56, 1964-65, 1967~-68,

Table 3

.: Changes in returns per anum to various factors of production
‘employed in Agriculture, central Punjab, 1955-56 through 1967-68
(Based on Farm Accounts Data)

(ggl;v

, Per family Per perma- For For farmers' To farm capital -
'Yéar worker nent hired manage~- labour-and - (Bxcluding Land
3 labourer ment management Value) |
;1955-56 478,82 452,97  -485.33  -22.60 37.77_
71954-65 V17,28 72341 -216.3 502,92 58.93.
1967-68 327147 115292 - 712,35 1857.87  B6.70

Source: The Board of E-nnomic Enquiry, Punjab, Farm Accounts in the
Punjab, 1955-56, 1964-65, 1967-68.



,nextithree years. By implication tbese data suggest complamentarywin p wﬁ;

;use; increaee in intensity of cultivation and labor employment. : ‘
Table 3 indicates what happened to productivity of (measured in terms
:?of returns to) various factors of production on the same sample farms for
”iwhich accounts were maintained by the Punjab Board of Economic Enquiry.l i
ﬂFigures show a trend of rapid increase in returns after 1964-65.. Returns to ;
k'permanent hired 1abor improved by 59. points in the decade 1955-64 and by 96 |
{points further in three years 1965-68. Returns to management improved ap-f
preciably in the first period but sti11 remaining negative. In the second

}period returns improved tremendously from a negative of Rs. 216 34 to- a

fipositive figure ovasyi ‘_ Returns per family worker for farmer 's labor :

fiand management and returns;toﬁfarm capital improved in the same manner, with*
'Ja much higher rate of growth in the second period compared to the first
period.

| Yet an other study*/ indicates as in Table & that. in terms of productiv-
ity of land, yields per acre of almost a11 rhe commcreiui Liopu were £ound |

to be highor in case of traotot—opaadtud rcrms compared to bullock-operated
farms, both under tube-well as. well as canal iriigated conditiona. It 13 ;7ﬁﬁ
not possible here to separate out the effect of tractor-use on yield from A

hat of fertilizers, iriigation, labour and other inputs that went with it |
fto throw up this difference. Tractor input goes in package with other inputs,
serving essentially a; an enabling factor, without which other inputs would

not be used at that high level. Availability of tractor-power would thus

1/Dept. of Economics and Sociology PAU, Studies_in Economics of Farm Mangement;
Ferozebur district Punjab (unpublished) Ludhiana, 1968-69.



Comparison of Yield Per Acre of Various Crops
on Tractor and Bullock Operated Farms
in Fcrozepur District of Punjab
1968-69

Yield in Juintals Pcr Hectare

Tube=well Holdings Canal Irripated Holdings

Crop , Tractor - Bullock Tractor Bullocks
Operated Operated Operated Operated
heat Local 13,02 0,62 - -
Wheat il:xican 24,70 9.81 25,65 22,46

Maize Local 15.62 3.55 . === e

Paddy

Anmerican Coﬁton

Desi Cotton 847 6;96.' ’T9}25

' Source: Studies in Economics of Farm Management, Fnrozepur District
) Punjab, Department of Economics and Sociology, Punjab Agricul-
" tural University, Ludhiana, 1968=69.
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enable a farmer to use more irrigatiom,: fertilizers, labour and other inputa

per acre in a package shifting the production function upwards. Hcre the )

alement of seasonability in the farm operations is another factor which necei
essitates the use of mechanical power in order to increase output and create;
farm=work in off seasons, Harvesting and sowing operations come: up- all in “t
short periods of October-November and April-May in Punjab In these periodsif
Lt is a question of timely sowings and harvesta. Without machine-power theseﬁ
operations get delayed resulting in lesser acreage under crops and damage to?
1srveated cropa by iains.j Mcchanical power use enables expansion of acreage '
lnder crops through meeting demanda of peak-work load periods creating jobs ;3
Eor labour in tending to the crops during their growth period and in handling;

larger volumes of harvesta.‘ The marginal productivity of labour and its

;employment thus closely depend on and is inter-linked with machanical-power

A ut’in 38T1¢01ture where aeasonability‘iactor gives rise to acute wor_,loa,%

peaks . ‘

‘ﬁthan substituting for it. Punjab data and%experience show that there ia no

iievidence to believe that mechanization in a.‘ay replaced labor so far ””pfﬁ

‘ifact Punjab farms in general have gone short of labor supply. In spite of a -
ilot o£ employment made of the labor from adjoining atates of Rajisthan and
:?U.P., it is not uncommon to observe aeed ng and harveeting of crops getting
fdelayed hoeing and other cultural operations not performed or performed in-
.;adequately due to shortages of labor supply. As a result of this excess de-
A'mand wages have been shooting up and farmers complaining of rising costs.
This inter-action is conceptulized in diagram 1. Although the diagram is not

data based, yet over all picture of the Punjab economy would yield similar



Enployment 'of. Labour & Wages’

P X
Level of Adoption Through Time
Figure 1. A CONCEPTUAL ILLUSTRATION OF THE INTERACTION

OF ADOPTION OF NEW CROP PRODUCTION TECHNOLOGY &
MECHANIZATION WITH LABOUR USE & WAGE PAYMENTS



" general trend. Had there been no breakthrough in"crop;productionVtechnology
-employment of labcr would have followed a path similar'to E1~K1-TEBtll/ and
labor wages E2-Kp-VIEBt; . Influence of improved crop production technology

in the absence of mechanization would have been aa of Kl-Pl-TEBtz on employment

and Xy-Po-VIEBt; on wage levels, Mechanization interaction with improved

,production technology shifted the,labor:uee;to;wage,curvee;atill~up'asg B
P{-TEMty and Po-VIEMty respectively

Mechanization earlier to BPl-Pz etage would have ptobebly caused unem:f?;

ployment through substitution of machine power for labor. Moet of the argu
vments against mechanization are. based on aasumptions of this aituation
;ia not true, as shown by the data in Table 1 through Table 4.; Agricultural
?economy of the state is at present operating at a atage somewhere depictedlby}:
fthe line X-X;-X,. This stage could have not been reached without the mechani-i
fzation of farn operations such as power iifting of undergreund water for ir-'%-
rigation, thrashing of wheat with mechanized thrashera and intensive as well ;u
’as extensive culti\ation of land with tractora.i - | |

'ifThe process of interaction of mechanization with labor-use and pxo- |

fductivity ¢an be further illustrated aa in diagram 2 As the atate of tech

5nologica1 improvements and their adoption improves on X axis, labor use end

its productivitygjincrease and move on EBo path ‘ Up'lo a certain etage in-

~ troduction of mechanical power. will remain uneconomic{ consideted from Lhe

point of viow of labor employment and earnings.i Thia point is indicated by

Bo,- If mechanical power is used below this point, ‘labor use and earnings W1117

l/TEBtl stands for total employmenr with bullock economy and old production
technology. VIEBt; ctands for vaiue of TEBty, indicating wage level,
TEBt2-Total employment with bullock economy and new production technology.
VIEBt)-Value of TEBty. TEMty-Total employment with mechanization and now
technology., VIEMtp-Value of TEMtp.

Q/Although labor employment and productivity can move in opposite directions,
yet I assume and believe, they move in the same direction (upwards) as the
production technology using given resources improves.



;Lapqﬁf}ﬁﬁéipihéntj&f?ﬁéductiyity (Earnings)

Adoption of Technology Thtbugh Time

Lo

bfigute 2. CONCEPTUAL ILLUSIRATION OF THE INTERACTION OF
MECHANIZATION WITH FARM-LABOUR EMPLOYMENT & ITS
EARNINGS IN DEVELOPING COUNTRIES
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‘follcw EMB, path which is below EBOG" only- at thia breake'en”poiné‘””F“

}beyond technology and ite productivity permit mechanization (aa i nappenedif
in Punjab after 1?2 G6=67, when technological breakthrough made it notxonly
feasible but expedient to use mechanical power because of inadequacy end
incapability of available human and bullock power to meet with the require-
ments of the new technology). In the absence of mechanical power-uae, laborff
employment and productivity would move on BT curve. But interaction of k
mechanical power with other technological improvementa will ehift labor-uae’
;aod ita productivity on B -MI-MEI path. Further improvementa on produc.xcn:
'technology will shift the employment productivity curve upwards as indicated
‘by B -H-MQ-MTZ curve. Every subsequent technological improvement will ahift
thia curve upwerde pushing maximum employment productivity point. up and to
the right as indicrced by the path MI-M2 There is thue no point in opposing
or aupporting the introduction of mechanization pet se in the agriculture of
developinp countries._ It all dependa at what stage of development other
elemente of production technology are; and what level of mecbnni:ation hae
already been achieved.( Developing economies are at a atage where this posi-
‘tive interaction hae yet to start, where it has etarted it is increasing at
increasing rate as ehown in ‘case of Punjab. Mechanization is highly deeir-
'able up to the point Mls till total farm-labor employment, and ite prcduc-k
ﬁtivity keep increasing. Substitution of labor takee place only beyond point
'Mi on the expansion path, If production technolosy improvee further, this
kmaximum employment productivity point will go further beyond upwards. In
most of the arguments against mechanization, situation assumed is either lert
to B-B, line or is based on the experience in developed economies beyond
Xp1~M; line. Both the assumptions do not hold true with the present level

of availability of technical know~how to the developing countries. Thus,
cautious of 'M' points, there is no reasen to throttle the growth of employ~

ment and its productivity in the developing economies with a biag against
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mechanization when technological development and its adoption starts-puytiyé[
labor employment and its earning on the path By-Mj with future poséibilitiééi
of its being shifted still upwards to the right,
The situation can be further explained with a simple diagram as in Fig;Sg

With the given technology (traditional methods) total output is low at T3 aﬂd”
resources use (capital and labor combination) is at point 0; on Ty produc-
tion possibility curve. Machinery (capital) can be substituted for labptv
only at the cost of employment and wages as it will shift resource coﬁb;pg
tion from P; to the direction of Py or, otherwise mor~ labour-intenqivgti;
technology can be used, as resource-use combination moves from Ol.éé Pi; f

With the improved technology the production possibility curve will‘éhiff fb"
| T if mechanization of farm operations is made possible shifting”résourcé |
use from 07 to Op, At this point labour employment willlbe at LZ. fybtgk
labour~intensive technology wiil shift resource use combinatioﬁ tQﬁé?déiP3;
and to L. 1In order to make it possible for employment and 1855r,9?0§6¢;'1
tivity to increase from Lj to L3, (most intensive use of labour w1§h neﬁf

. technology), it is necessary to invest capital (mechanization)atflgaégvﬁpl
~ to C3. Further it is a matter of soc’al and econsmic considérafions;'ﬁhe£h§r 
bit will be desirable for an economy to increase capital investﬁéhé‘oﬂ'ﬁa;
chinery beyond C3 point, yet there should be no dispute on a shift from
Point Py to P3 even if most labour-intewsive technology is to used, espec_
ally when marginal productivity of capital invectimcnt goes in favor of

agriculture compared to non-agricultural sector inveetments.l/

L/

There are evidences available that MVP of capital ia agriculture is very
high. Singh, Gurder estimates it at Rs, 2,93 and 4.27 for medium sized,
bullock operated well irrigation farms in Ludhiana District, There are
many other such studies of the Drpartment of Economics and Sociology of
PAU Ludhiara and of other agricultural research institutes and universi-
ties in India which have shown VP of capital to be very high in agricul-
ture,



-arotal Product :
~ At Given TbchnOIOSY

‘; Total Product =
‘At Improved Tbchnology
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;”cii1éé o Cy _c§~'c§ ) capital Use
SR T ‘ (Mechanization)

Figure 3. INTERACTION OF MECHANIZATION WITH
TOTAL PRODUCT, LABOUR EMPLOYMENT &
LABOUR PRODUCTIVITY
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Macro-level Employment and Wages
Looking at the picture of agricultural economy of the state as a whoie,e>
as Bhown in Table 5, argument in farm of mechanization finds still further
support. Up to the year 1566-67, workers employed in agriculture as a per=
centage of total work force in Punjab kept declining, But a sharp rise came'c
in 1967-68, as technological innovations have had their influence felt.'-quéf
‘tivated area per worker kept decreasing in response to natural increase 1n7c,ﬂ
rural population, an exogeneous variable to the agricultural industry.i ;;iI?f
Through mechanization of farm operations working condition in:egriculcccehfg?”
became more attractive and renumerative. Agriculture, thefeforegkscérted'?;‘f
attracting more of work force; many who had earlier left for employment 59?5‘ |

side returning to farms, In spite Of thie increased population pressure 6n?;-

: _'agriculture, interaction of mechanization with other elements of 1mproved , fff

Vccproduction technology increased cropped area per worker.: Whereas net cul- ‘i*
v};;tivated area per worker declined from 2.23 hectares in 1960-61 to 2 04 hec-cf
}fetares in 1966-67 and to 1,82 hectares in 1967-68, corresponding cropped area‘ﬂ'
per worker, remaining almost conmstant with minor variations up to 1966-67,
'vincreased sharply from 2,73 hectares in 1966-67 to 3.79 hectares in 1967-68e*c
:ivThia would have not been probably possible without interaction of machanicalé;
power with othey elements of improved production technology such as develop-1 e

ment of high vielding varieties of crops, fertilizers and other paclkages of ff

farm practices. Structure of wages also presemtS a Sywilak pinture. Bothvgeis
for agricultural operations and skilled-job operations wages have been im- .'ff
proving, particularly after the year 1966-67. In three years from 1967-68
thiroughr 1969-70, wages for plowing increased by Gl percent, for sowing opera-
tions by 64 percent, weeding 60 percent and harvesting 89 percent. All

these are unskilled jobs. For other skilled jobs in agriculture, wages im=

proved by 70 percent during this period of three years. Wages of blacksmiths



&%26;

‘Table 5

Agricultural Employment Unemployment Wagee and Other
Allied Statistics in Punjab 19F0-61 through 1968-69

1%maaw$¢61%&m pﬂﬁ&i%&@*uﬂﬁg
‘et. of workers | - o N
engaged in s T e
agriculture 55.89 . 5448

56.21  55.84 e

wltivated area
per agricultural
worker

Cropped area per T I N S Tt

‘ag., worker C2073 0 3479 . ememm | emeedl

Wages paid/day

a) Ag. labour: TR L T S ‘ ,

1. Ploughing 2,50 - 3,45  3.82 . 4.27 . 4,70 6.15
3. Weeding 2,65 3.31.  3.66 3.9 4,59 5,83
4, Harvesting 2,59 4,01 3.94 4 93}3;“‘6 14 ‘7 43
5. Cotton _ e o L o :

: plcking 2.00 - 2,69 ———— 34 OOJF‘Qf4 OO'fA;g3 97

b) Skilled labour: BRI : LU

‘ 1. Other agr. RPN
operations 2.49 3,02

2. Black smith 4,26 . e

3. Carpenter 4,41

1:ff’f4§iqéﬂ;;;4;2171fyi5,97f
2°.77.02 0 ..8.29

~Unemployment

a) Total according

N to live register 35220

- b) Farm, fishermen,
hunters and SR
related workers 559 .




improved by 66 percent and of carpenters by 68 parcent.ll

Unemployment figures indicate that where total unemployment in the
state has been increasing as a result of natural population growth and mi-
gration from other states, unemployment registration for agricultural workers
has been very negligible and further declining. In 1968, more than one-third
of the registration on live register was of the persons seeking professional,
technical, administrative, executive, managerial, clerical and relatedijoba5_j
more than one-fourth of craftsmen, production, process, ;ransport andvcom%;
munication workers and again more than one~third registration waéffdt uﬁ¥ l
classified occupations.g/ There is thus no evidence of substitution férf
labor in agriculture on aggregate level, Infact agriculture has been de;
‘7eloping its capacity to absorb more and more labor out of increasedJWbrk;
force generated by exogenous factors of natural populacion growth and migra-
tion. Unemployment situation in the state, in fact in the whole country, is
- of soaring number of white-collar-job seekers inadequately trained rather  |
untrained, for doing any specific skill=job. Majority of those regiatered
'for clerical and administrative jobs is of simple matric, higher eacondaty
"or B.A, pass. Traditional attitude of seeking white-collar-jobs after
schooling persists and education is not obtained to acquire skills for en-
tering business, trade or industry. Whereas agricultural development involv=
ing interplay of mechanization and other elements of improved production
technology has generated considerable compiementary demand for labor and
has increased returns vo the factors of production, a corresponding shift
in emphasis on job oriented training has not as yet occured in educational

system,

Consumer price index for agricultural labourers in Punjab and Haryana with
bage 1950-57 was 194 in 1967, 191 in 1968 and 196 in December 1969,

2/ Governuent of Punjab, The Statistical Abstract of Punjab, 1969=-70.
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;Mec\anical Power-Use in Agriculture and

Its infiuence on Non-farm Jobs

With the introduction of machines in agricultural production“ many .

'healthy influences are felt in the non-agricultural sector.» To m n
Efew, manufacture of electric motors, oil engines, pumping sets, thrashers :
fand other power-drawn tools and implements got started in the state %com :

1mercial firms increased in number and expanded volume of their businasv“

ftrading shops expanded and increased in number. As a result employment
:opportunities expanded outside of agricultural sector.' This influence of
isure spread to the outeide of state too. Not even accounting for the positive,
fimpact on non-farm employment outside of state Table 6 shows a cogn:u:abl.e,'“‘j
'expansion of off farm employment" production of agricultural implements "
:and machine tools increased from the value of Re. 1205 million in l965 66‘f
ﬂto that of Rs 1615 millioa in l967 68 with a corresponding increase in

femployment from 23942 persons ‘to 26742 persona. Number of trading shOps

‘f‘-'increased from 98329 1n 1965-66 to 112982 in 1968-69 with an increas_' 'of.;.ﬂ,_

uemployment from 37511 persons to 39834 persons.ll Similarly, commercial‘f
?3establishments increased from 30776 in 1965 66 to 35943 in 1968 69 with an:
femployment increaee from 41597 to 48341 parsons. These are of course onlyfii
'ja few and direot visible influences. These’ secondary and tertiary influences .
»eare very far reaching and permeate through the economy as an injection spreads;
"through the veins' and arteries of a living body, and they are hard to be
' " the number of
,quantified. -A very outstanding influence for example 48 on/repairs and

,spares service-shops, on which reliahle,data do not exist. It is, however,~fi

"a common knowledge that in cities, small towns and roadside villages a large

number of mechanic-workshops have sprung up which deal with servicing and

1/ Number of employees is of paid workers. Number of shops, majority of
which are operated by the owners, therefore, exceeds the number of
employees.
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Table 6

Growth of Non-farm Job Opportunities in Some Salected
Industries and Establishments Influenced by
\gricultural Development, Punjab, 1965-66 through 1968-69

Manufacture of

Year Agricultural Implements | Commercial
and Machine Tools Shops Establishments

Production Buployment Number FEmployees Number _ Employees
(Lakh Rupees) (Number)

1965-66 1205 23,942 98,329 37,511 30,776 41,597
1966-67 1456 25,936 V,‘ r98;087 35,601 30,458 43’311 ,
1967-68 1615 | s Gl T

1968-69 1764 -
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frepeiring of electric motors, oil engines, tractors and power drawn toosls.
end implements, But for use of machines and tractors in agriculture, there
‘would have been no such establishments which‘tuday provide gainful employ=
.ment to a large number of skilled workers, This process is going on.
Uechanics and facilities needed for repairs eervicing of tractors and other
machinery are short of demand in the state. As yet farmers have to travel
considerably long distances to avail of these. fecilities are pulling nearer
to. the. villages, ‘because increasing volume of business makes this spread- -

out an economical proposition. A further increaee in the degree of farm 5

1mechanization is therefore expected to have a considereble spreld-out' ffect

ion creating off-farm skilled job opportunities in the small towns andaeven
villages of the state.

In this analysis, increaae in non-agrlcultural employment ag shown in.

Teble 6 1s not entirely due to mechanizetion‘end expansion 1n the gri

%oultural sector. Some increese would have been there even indepen ent of
Lgrowth in agriculture., One has to, however, remember thet more than 76%‘3;.
:of the population in Punjab lives in villages and . is dependent ot agriculture
’Total economy of the state is overwhelmingly egriculture-based. No wonder,;-
rhoroﬁoro, non-agricultural eoonomy and. emplqyment experienced a dlstinct
_upswing coinciding with so celled green~revolution in agriculture of the:
state. Sharp rise in non-agricultural production and employment after :
1965-66 1s a monumental evidence of this influence,

Economies and Diseconomies Involved

The foremost problem that faces the adoption of mechanical power on
farms in the developing countries (especially in India and other such densely

populated countries) is the small gize of farms. India for example has only



1.8 hectare average size Sfbholdingsul/ Small size should not, however, Sé
 any>major hurdle. Firstly averages do not reveal the complete.picture.
?airly good-scale mechanization of farm operations can be effected on ma:
‘jority of above average-sized holdings. A small average ;s not a comﬁlete
hinderence in the way of introduction of machines. For example more éhan
25 percent of the farms commanding 69% of the cultivated area in India can ;
conveniantly mechanizé most of their farm operations.g/ Secondly, some

machines fall under fairly small scale technology such as amall size water

pumps, engines, thrashing machines, and chafing machines, Partial mec;ani-u
gation is thus pogssible on almost all sizes of farmsa,
mainly with larger machines of indivigible character, such aii

combines. Here again small size should not be an absolute‘hindetenc

majority of holdings in India are small (39 percent of the holdings are»
less than one hectare commanding 7 percent of cultivated are and-75;

less than 3 hectares commanding 317% of the area). Here often voope*ative

~and joint farming approach is advocated. Whole complex of cooperative
“departments and organizations at state and central (federal) level are enf
‘deavouring in this direction. Given the economic and social values 1ﬁ Iﬁ@faT

(it is true of most of other developing countries also), I do not believe,

Government of India, India: Pocket Book of Economic Information, Ministry
of Finance, Department of Economic Affairs, New Delhi, 1969.

2/ These farms are above 3 hectares ecach, 507 of the area is of farms over
5 hectares and 297 above 10 hectares.

3/ A study conducted by M. L. Gupla for his graduate disgertation (unpubligh-
ed) at Department of Economics and Sociology of PAU, found that comparws
to use of bullocks and differen: size tractors and pumping sets, DT-14
tractor (14BHP) doing both traction and stationary work turned out to be
the most profitable proposition for a 15 acre farm.
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mcooperative or joint farming approach, on. voluntary oasis, can oreak much
lground. Management, with individualistic aspirations and angles, is the
imajor problem which‘hasfremained unsurmountable so far. This approach as
fsuch does not, therefore, hag any bright future, unless these economies move

towards collectivization with elements of complusions -= a socialistic ap-

proach.. Without in any vay reflecting on this aystem, analysis here is cons

Eined to the situation under democratic set up without any elements of comrr

i’ any major way. How will small farms then acquire a size of busin

permit mechenization? Answer is showing up in a spectacular caseiif Punjab'

farms., A study brought outll that more than 30 percent of the ownere~o,,?f
tractors rented in land and 80 percent did custom work. Custom hiring has
/he advantage of firm cormitments and easy managerial decisions because of

1ness considerations both on the part of owners of the machine and those

’who hire. Wheat thrashing has been almost completely mechanized. Tractor

;hiring for plowing, aeedbedspreparation and sowing is becoming increasingly

nopular. Purchase and sale of water pumped through privately owned tubewells
nd pumping sets is a common sight. These activities have a scope to expand
onsiderably. As shown in Table 6 bullocks as source of draft power are - .
eing replaced fast. This trend is likely to speed up with custom hiring

£ machine services becoming more. and mcre common. Owning of machines may
lot thus be economical for small farm, if operations are limited to only
wmed holdings, yet custom hiring and renting in zctivities would permit the

jcale of operations to expand to make the use of machine-power economical.

y Department of Economics and Sociology, "A study on utilization of tractors
on gelected farms in Punjab", (Unpublished), PAU, Ludhiana, 1969.
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In the process, large and medium size mechanized farms improve their size
vertically and horizontally and small farms expand vertically through land
renting in activity and/or sell services of machines excess of their require:-
ments. Those farms which do not own machines also expand their size verti~‘
cally and horizontally through custom hiring-in services of machines. Here
in the process, cash needs (for working capital) of small farms increase
demanding adequate institutional credit facilities to be provided for.ll

Considered from another angle, there exists an operational relationahip
‘oé-tﬂe farm size with the minimum power-unit available to the farmer. Land'
holdings from this point of view can be classified into two categories i;e;i
owned holdings r£ad operational holdings. It is not necessary that tbe size
diattibution nf two categories of holdings should move in the same direction
In Punjab (the case under analysis) average owned hclding is 7. 5 acres. It

is, however, rare to find an operational holding of this size in the villages.j

Most common (Modal) size of operational holding in the central Punjab till,-

recently has been 12-14 ac:es. .This has been so, because the basic minimum
power unit svailable to the farmets was a pair of bullocks. With the given
technology this size of holding was the optimum unit for a pair of bullocks.
Depending upon irrigation facllities available, texture of soil, etc., the ¥
modal size varied from area to area around the capacity of a pair of bullockd
to do thé farm jobs. In drier light soil areas and canal irrigated areas
thant wuwuoll g{oo of Opcgaciqnal holdings turumed nut to be larger at 18-20
acres stiil'revolving around'mhe basic power unit--a pair of bullocks.

Whereas average ownership holding has been decreasing in size over time as

.l/ There can arise a question of opportunity cost of this capital. Con-
sidering the high degree interaction of mechanization with adoption of
irproved technology, labor-use and preductivity of factors of production,
I will consider the economic and social returns from this investment to

. be highe: than the opportunity cost of this capital.



=28~

a ‘result of farm pOpulation increase leading to sub-divisions, operational
holding size has not been affected any adversely. With the introduction of
small tractors and other machines, discernible changes are coming about. The
operational size of the holdings is increasing to match with the requirements
of the new power-units. Small ownership holding is not thus an absolute
hurdle in the way of mechanization. 1In this proceae, siae of operational
holdings will increase through renting-in activity.lxlt‘will’also permit‘
small {armers to uge machine-power without owning the machines and in the
long run introduce an element of mobility in the farming population enabling
many small farmers to become part-time farmers and even quit farming a5-3°b{;
opportunities develop outside of agriculture, partly initiated by the pro;f
cess of mechanization itself,

Another important aspect of the economies OI repiacing DULLOCKS w1tn
Vmachine-power is saving of land that goes under fodders for draft animals.
According to 1966 countsl/ there were 1286200 bullocks in Punjab and 287600
lmale calves between the age of one to three years. In addition to these,_;
tthere were 247200 He-buffaloes used for draft purposes and 11170 msle-iivf
ébuff-calves in the age group one to three years. Even at the conservative
frate ‘of 0.2 acres per head, these male-animals require at least 456540 T
irrigated acres of land, capable of growing two crops a year, for f.odde::s.-?-;l
‘Since this land is often the best piece of land, near to the assured ir-:
rigation source (tubewell or a pumping set) there is,every'rcason to believe

that only good land capable of prodocing two crops a year gets allocated to

1/ Director of Land Records, Punjab -- quoted as source in Statistical
Abstract of Punjab, 1969.

2/ In Punjab there is not mt-h of pasture land. Almost all fodder needed
for animals has to be grown, Normally very fertile irrigate! land is
put under fodder crops.
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fodder activity. Opportunity cost of this land being very high%j this lénd,’ . -
should be allocated under best paying crop rotation, if need of fodders gets

eliminated through replacement of draft animals with mechanical power., If

we assume that alternative activity on this land wvill be wheat-maize rotation, |

this land will produce more than 1.14 million tons of food grains (half vheat .

and half maize)&l From national point of view, opportunity cost of growing

fodders for draft animals in Punjab is thus 1.14 million tons of food grains.
Considering money returns on this land, this will approximately yield
~additional Rs, 595 millic . - per year as returns to the fixed farm resources |
of the farmers., This amount of additional income will be sufficient to,pgy, i;f:
for the price of more than 23000 20-BHP tractccs per year, o o
In an attempt vu economic analysis of such a cognizible change(in-.,‘
Il,volving the basic structure of agriculture one should scrutinize carefhlly ’j'kf
also the probable adverse cffects it might have on the economy, 'Althdughk’-;:],
in the context of mechanization process as it is taking place-in Punjéﬁ"{éq’:1
:; case), there appear to be no such implications on labor employment (inéidgﬂ' '
and outside of agriculture), its productivity and returns, yet some peripherél'
questions would need to be answered, before one would go convinced of its -

feasibility and desirability, 'Will mechanization be having the same com=

1/ Singh, I. J., estimated opportunity cost of Rabi-land allocated to fodders
to be Rs. 1153.13 per year in 1965 (Graduate Research, University of
Wisconsin, Mxdison, unpublished). Due to tremendous technological break-
through after 1965, opportunity cost of such lands can be reasonably
asgumed to have at least doubled by 1969-70.

Yield levels assumed here are 12,5 quintals of wheat and 12.5 quintals
maize per acre. This is the most common yiecld leve'. for these crops with
improved varieties on such lands in Punjab,

3/ Singh, Gurdev, estimsates Rs. 1304/~ per acre as '.eturns over variable costs
for wheat and Rs. 657/~ for maize; on tractor .perated farms in Ludhiana
district (an unpubiished graduate~-researc. aissertation) PAU, Ludhiara,
1970,
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;fplementarity effect on labor on uairrigated lande ie one of such queetions.
ifIf it does not, it has meny economic, social and pol\ttcal implicatione A
:ﬂinvolving widening of regional diroaritiee in incomee 1-ading to economic ;E
,and social polarization and political strains on the eystem 1/ If the unffw
;eociety is considered as a single entity, not regions or groups. it should
‘not create much of a worry, because additional product and incomes generated
:anywhere (vith groups or- in regione) can be dietributed equitably thrcugh a |
;we11 structured eyotem of taxation and transfer paymentsl/ But political
‘system remaining as it is and regional as well group pulle and puehee being‘
‘very much there, it is so very important not to let regional and group in-vd:
come disparities widen, particularly with the instrument of allocation of
scarce netional reeources consistant with their marginel productivity. It

is therefore, imperetive to examine the impact of a very crucial structural
{change ouch ee eubetitution of machine-power for animal-powcr in egriculture;
‘India hae vaet areae of dry - lande suffering from inadequacy of total precipif
tation and timely rainfall. Whatever precipitation is received, it con-kt 'f
centratee in leee then three months~=-mid~June through early September. Crope
euffer from ineufficiency or total lack of moisture for major part of the
year, while a major portion of rainwater draina off during wonsoon pariods
Here it‘ia a question of timely and proper preoervation of rainwater to be
used by the plants during their growth over dry periods. Also here the
problem is of properly and timely seeding of crops. Animal draft power

(poor in health as the animals are in these areas) is not sufficient and
appropriate enough to do these jobs efficiently. 1In dry areas tzactors can”
‘do a good job of timely and effective conservation of moisture, which is not

possible to do so with bullocks. This is the basis of interaction of

1/ This question will be discussed in datail in an other work.
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mechanical power with productivity creating more work to do on hoeing,
weedings, harvesting, thrashing, tramsportation and markeciug, It is a
question of providing the much lacking motive power to get the process of
crop cultivation started more intensively and on a wider area. Once mechani-
- cal power makes it possible to grow crops on a wider area, more hand jobs

get created and frequency of operations increases} In these areas lack of
necesgsary and sufficient motive power is putting the biggest constraint on
production programmes, Once this constraint is removed, the complementérity
with labor use and its productivity starts playing up. This is evidently
visible in dry areas of Haryana state in India where wages have increased
from Rs. 3.96 per man day in 1967 to Rs. 4.68 in 1969 for plowing, from

' Rs, 3.99 to Rs. 5.03 for sowing, Rs. 3,51 to Rs. 4.24 for harvesting, Re. 4.55
1 to Rs. 4.95 for weeding operations and from Rs. 3.55 to 4,42 for other agri—k»
-cultural operations. For blacksmiths and carpenters this increase has oc=
curred from Rs. 5.98 to Rs, 8.32 and Rs. 4.60 to Rs, 8.49 per day respec~
tively. Even women labor wages for picking of cotton have increased from
Rs. 3.20 to Rs. 3.89 per day.l/ Rising wage rates #fe direct indications

of ircreasing demand for labour. This increase in wages indicating in=
creasing demand for iabor 1s the net result of various elements of improvad»
technology such as new seed, fertilizers and water use interacting with
mechanical power made available in the form of tractors and water pumping
engines and electric motors. Another aspect of employment leserves em-
phasis at this point. Although thege figures show a wage rise fcr the same
types of jobs over time, yet mechanical-power-use creates new jobs involving

handling of machinery, which need higher mental skills. This improves the

1/ Goverriuent of Haryana, Statistical Abstract of Haryana, 1969-70.  Con-
sumer price index fcr agricultural labourers in Punjab and Haryana with
basr 1950-51 was 194 in 1967, 191 in 1968 and 196 in December 1969,
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{\qunlity of the human element providing a base for a ptogreeeive’outlook and
"even change in the values of the majority of the people. Developing nations
can:ot igncre these dimensions of the healthy influences of mechanization of
their agriculture. |

What will happen to the earninge of cattle breedero in this process is
another question that figutes up. Fortunately the bullock breeders and
tEisers are not solely dependent upon this activity. They are crop farmers
too. Resources (land and other) that are devoted to ralsing of male ani~ if
,male can be easily diverted to raising of commercial crops or otherwise to’i
;taiaing of milch animals. In fact there exists a competitive reletionehip
between breeding the animals for draft purposes and for milk purposes. iln
'animal breeding programs more we gain on draft, more we lose on will and“'
jvice versa. Dual-purpose animals camnot be ideal milk yieldera and have f}
cxcellent draft power at the same time. If efforts are directed towarde -
breeding the animals for milk purpoees alone it is eaaier to develop high
iimilk yielding breeds. Thus, as thc need fot draft animals decreases, it
\feliminatee the duality of purpoae in breeding programs and improves the milk
;yielda. At the same time res’urces being used in raising draft animals get
:eleeoed to be used for raising milch animals. The gains of the cattle~
taieers on more and better milch animals should thus more than balance out.
itheir losses on elimination of draft-animal-raising-activity. |
:H “ In balance thcre seem to be few arguments, logic or facts thnt:ohouldﬁ
‘oaet doubts on economic feasibility of substituting totally inefficient |
animal deaft power with wechanical power in agriculture of the developing
countries, which will generate positive interaction with other elements of
improved production technology, creating more demand for human labor, and
also improving its productivity, wage rates as well as productivity and re

turns to all other factors of production.



REFERENCES

Gupta, M. L., A_Case Study of Economic Potentialities of Tractor-Cultivation
in Puniab (an unpublished research dissertation), Department of Economics

and Sociology, PAU, Ludhiana, 1966.

Government of Haryana, Statistical Abstracts of Haryana, The Board of Economic
Enquiry Haryana, Chandigarb, 1965-66 through 1969-70.

Government of Punjab, Statistical Abstracts of the Punjab, The Board of
Economic Enquiry, Punjab, Chandigarb, (1954-55 through 1969-70).

Sovernment of Punjab, Farm Accounts in the Punjab, The Board of E onomic
Enquiry, Punjab, Chandigarb, 1955-56 through 1967-68.

Government of India, India: Pocket Book of Economic Information, Ministry
of Finance, Department of Economic Affairs, New Delhi, 1969.

Government of India, Studies in Economics of Farm Management (for variddbiﬁf
centres in India), Directorate of Economics and Statics, Ministry of . .
Food and Agriculture, 1954-55 through 1967-68, New Delhi.

"~ Kapoor, T. R., Optimum Cropping Patterns for IADP District, Ludhiana
(unpublished 1issertation), PAU, Ludhiana, 1966.

Kahlon, A. S. ind S. S. Johl, "Productivity on Small Farms", The Ecgnom;=
Weekly, Vol. 14 (25), Bombay, 1964, pp. 985-986.

Kahloz A. S. and S. S. Johl, "Rationale of Family Parms", The Economic
Weekly, Vol. 14 (16), Bombay, 1964, pp. 671-77.

Mann, K. S., An_Analysis of Expected Shifts in Cropping Patterns of Punjab

(India) R sulting From Introduction of High Yielding Varieties of Crops',
(A Ph.D. dissertation), Ohio State University, Columbus, 1967.

Mellor, John W., T.e Economics of Agricultural Development, Cornell Univeraity
Presa, Ithaca, Now York, 1966.

Mellor, John 4., at. el., Developing Rural India-Plang and Practjce, Cornell
University Press, Ithaca, 1968.

Punjab Agricultural University, Studies in Economics of Farm Minagement;

Ferozepur District, Punjab (Unpublished), Department of Economics and
Sociology, PAU, Ludhiana, 1968-69.

Punjab Agricultural University, A Study on Utilization of Tractors on
Selected Farms in Punjab (Unpublished), Department of Economics and
Sociology, PAU, Ludhiana, 1969.

Shukla, Tara, Capital Formation in Indip:a Agriculture, Vora and Co. Publishers
Ltd., New Delhi (India), 1965.



=34

Sc ultz, T. W., Economic Growti: gq’ Agriculture,- McGraw-Hilla, New York;: 1968g

Séhultz, T. W., Transforming Traditional Agriculture, Y-le University Press,:
‘New Haven, 1964.

Bingh, Gurdev, A Study JInto The Farm Adjustment Possibilities in Uppex

. Dhaya Type of Farming Area in Ludhiapa, (Unpublished research dissertaﬁion)
Departuwent of E:onomics and Sociology, PAU, Ludhiana (India), 1969.




