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Thim paper is an attempt to provide some guidelines for policyv 

decisions in tho area of -the uiochaisation of farm activities in Punjab, 

"This is a-subject which is at once most sensitive (on a n.b..r ef co t3; 

* especioally labor displacement) and Is at the same time1 not e wel 

U1rdetood at the aggregate loeol as ait the farmer level0 A great =ay 

analyses have been produced which demonstrate quite concluoively the 

benefit 11-o the individua farmer which would follow from the meahanizvition 

of parts of his operatio7i, The usual rebuttal is chat the costs to poiety 

areo overlooked in tis type of micro'anealysio and that they are 1i.Ic1y4 

be considerablop due to the social costB involved with tbe diplacoment 

. of agricultural laborero having a very low or soro opportunity cost 

relative to their present occupati on0_ On the other hand, there are 

, sovial benofits which would occur fri= the production of che~aper, Pau 

larger lumnitios of Gtgricult'iral piroducts,, A cost =ust bo debited 

to society if it f.IIl to take advantage of an opportunity to .produce 'P 

more cheaply. 

These w~onomic considerations are beyond the scope of ts. paper bu. 

'C :: can be lfluonced by its findings(, 

,4.,4 Generally, thbe workc seeks ti identify iwhetherp and undor xwsist 

c1ir.uwstonces, convontiona energy supplies (human ard anlanal )p~ actinf, 
S..througfi the technology- presently in usea in Puunjab0 d, beome a 
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convtrant to oropping pbztulated arage of oWqp If oiouentional 

inputa am__ustificatione noostraint a econoici 	 can be made at the 

1Macr*-level to au'Oppiemting these inputs with a n owtecpnuloey 'hich 

may, to some daolydisplace he demaaid for the conventional input. 

A nembir of technical alteratives as bpecoing foesible t Pnjab 

Fa~ierss The emevgization of pupping akivitiea is ones, mochaninal 

threshing is another,, Tho introduction of shorter duWation hipher 

yolding 4mbtoseins itive varietio is a third. Finally capital iflteniV, 

waa~hlnezT combines and tractorsa awe &vomihginto the scsna 1the latter

* 	 trather T-apicly,, 

A completo anlysio of' the alteratjAVOs and Opportunitis costsad 

benefits Ere beyond this work, Its spscifieobaoothee ar nonetheoss 

* mbitioir: conoidaring the amount of data ,Maoh has to bo coilcctsd1, and 

71 manip1lated, The}~y Warc: 

) 	 -to,astizate the magniturde wnd pattorn of' oorwcyontioia energ, 
us~e on Pixtjab farLz3 vvathlyq over. selecteid crop~ yeari;2
196hr"65p i3.96S96% 19T7471, 1978-79 -,wd 193-4 

i)to &ecotunt for th5.e Pattorn &zs a f uciioni of' crop rotation anid 
aoriaagos unidorz ifforent crops ac -jojj a3 the3 eurgy, rnc,,ds of 
these crops tumder the tr:)4itional tnchnoloWy0 

nto eit~rointo the offects on production of this pattarz1 if' 
demnd for energy exceeds available supply thivoujh the ipaot : 
of the shortfall on timeliness of operationso 

Iv) to tiset the effe-vt on the domand for onergy ao a romult of' 

Anid from this1, remarkc uponi the conwcqusnt opportuitles
Anc eaa 7ild througha ii. ow4d Umeliness, multiple crapping tc 

to) 	estimate the trade-off be• e.n the nw input-an. the conven 
tional one formerly used to perform a given task. 



I,.	 S/S 

From thes. specific obneatsyes it is hopnd that morce cnoral 

insights can be developed (eleewhere if not herein), regai-ding: 
i) the Pattern of farm labor use in Punjab and pattern of its 

dvellopment, as a rasult of 6hang-Ing technoloy,0 

.ii) the coiposl on of labr w ich be'displaced vhoos needs,' 
".u) to be recognized as a result of'ld consequently have 
the tosohnical change. 

, . 7 :iii) the benefits "hich t;ould fol ow, fro a change in rural " .
S technology. 

iv) Uhe 	assooiated costs, 

* v) the general guidelines as to public policy in this ak.e-a 

* ~~b ~ g.1 	 ~ 

This study, and Ats conclusions, Rre limited -to the fo:wlor Pujlb 
now partitioned into Punjab and Haryana). The antecedent state Was I 

,5"., _'. 	 .

0 	 kept as a basis foi' nnalyais,.bocause of the ox.tstonce of a bx-oad 

statistical base made f'or the erstwhile Ptiyjab from which ve dcveloped 

our projections, Punjab was selected as the studied state for reasons 

both practical and potentil. ?zacticaly, Pusnjab has thno best-rea i1 .. 

management data in India collToted over a,period of a third of a vcontu'y: 

Potentielly, the state is the one with the greatest llklihood of early 

5 :.,.' imechanization on a larg" seale5, It i1alr-oady an advonced state, and
 

every indication points to the Punjab romaining as a pace-setter in
 

r Unfortunately9 , for some. of the many reasons Mich
rural development. 

make the outlook e.s hopefiul, generalization to India as" a' whole from
 

the Punjab e'perienoe must. 'ez done very cautioaly and ,ithqualificaton9 , 
' 	 + 
. 5 '. . ' '' ; ",,' ' " ' " :7 : : ..< {< 7'': : ] c 7 : : "' " : -5f , ' 
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! ,/ to it aLon s or of Uitoad levance t;o northwest IXndia.('relevant more : 

Indian zgrlou~tura as to coumarative2 size of fam,) conditions of tenancy;p i 

Punjab is one of the smaller Trdicn states, tmh"se armble l.andI6 4 a inm. 

S large part eantered I'n iLTigable or rain-.assurad sreas At present nore" ; 

than 50%of the arable land i rla~ 23b u /3 by vell) aid 

vater souroon, good use i's nou begirming to bu riizo of this recource as .: 

enorgized tube wolls'become available. 

SIn 968 the state had an average cropping in~tensity of 30%_ (veruv-"ic 

14.,%Ifor India-)'o It is Grrpeotsd that,,this figaro wll risa to 160%"IJn 

ii another f.fteen years, 

for ! .. FanJab is ktom as a shent ,probeig aroa,, -'hich crop accoluits :ii,: 

Cane and cotton'are the -principal caah cropso, 



... . ....
.. . ........ 
 .
 

Unlilk e India as a whole,, Punjab is a land of large (by Indian standards),
 

dner-opsrAtod farmq Sixty per cent of the cultivating houe'holds operate
 

,farms larger than 7o5 acres compared to 28% for the .-1India average"
 

and 80% of the'Punjab farmis do not exceed 10 adres, Only 12% of Punjab
 

frrma are vmller then 2.5 acres Vaereas the all--India figure is nearly
 
35%,, As a result the representative fan In the state is a Oone-pair"
 

hol(Lng (iaeo p it large enough to support a pair of bullocko) on water- .;, :) 

'assurod lapnd, Most, farms are owaer-operatcd, but the tenura relationship.
 

uuall1y followed in t*he. atato has the owner contribute to the pwachaso Of
 

- oostly inputs and the tenant profit from the final etra output. ,, 

Farms in Punjab aro nainly consolidated0
 

The otate has a below average doiment of dift-animla.s (the nUmbor'
 

of auiuiala per hundred acres being 3o6 compareda vith the all-India 

figuro of 2) But their size and capacity for farm tOrk i- =0h above
 

the average, About 16% of the gross croppod area is under foodor c 'op
 

Rural electrification is, making rapid progress and is hwAvngIt 

impact on the rapid acceptance of enirgizcd tube-wl!e. 

Unlike India as a as coparativol w nu~.whole;, Punjab a l15lo3
 

labor fovicev only 10% of the total rural labor supply. Mornoverp Ui5.S
 

group cppars to be a declining ones, notuithtandlmg the cono!,doraN)le
 

wyages paid1 durlng tho tuo peak work periods. Off, famX~ oppotunities oeowk
 

to be attracting increasing numbers of poople, i4hioh will work to rd3e the
 

r yet N'uthar,.
zural labor forvce 

•" a, 
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!
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*Pimjab as a whole has been a leader In acoeptance a~nd loval of uige 

of'puupets, macha~ical threshers, tractorop fortiliserap pesticides and 

new osods It seems to have an effective cooprative sytemp unlike mwiy 

ether areas, The atate has been a 'percistent saurplus9 a-rea throug out . 

the droughts cf thi mid=sixtieso In addition to those technical 

characteristies it is worth commenting that Punjab appears to have beon 

making a mol' sustained attempt towards improving its farm ke',or for a 

longer period than almost any other region of Indiar This effort hes 

been accomopanied by good farm management data colloction whi it of 

immense benefit both to studonts and to state planners. Withoitt this 

data, unumual in ldia both as to, the period aailablo and Itc detaiQ, 

an analysis of enerjy needs in the state could not be pfor'.rqd.. 

For aLW these reasons Punjab is different, and fto these reoocns w 3i 

likely require a form policy especially adjubtdl to its needs if its 

potential is to be realised., 

* 	 An cosentially budgetary teclnique 'is used based upon the p0otion 

of relevant variablea over the atudied period (196t-69 to 198S4), The 

supply of enorgy from conventiontil inputs will be projected from their knon 

: populations supplamented by a Qompound groath rate, Frnop these projections 

wwill come an estilate of the stock of energy (rom man or animal) available 

to farmers in a given year. Against this stock the relevant monthly 

demand for energy frm all crops uill bo cast to allow us to ascertain in 

which nontlhs9 und for uhat ronsono9 thei pattern of demrmd ii '. t it isac 

Estimnating the dexmnd for energy will be soxnewhat wore compicated. 

First, the monathl~y demand for energy for the production of' each crop mlrnlt 
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'ebe mwade (fros each energy input). Sacnd0. the number of acres under each 

0horop must be estimated,, over the studled period. Third, the per acre 

demi_d for nercper crop must be cotbined with the number of acres and then 

sumed across &el crops in a given atudled year. 

.Ui. In first phe of ourstuam tdy the emphasis l be upon the prsent, 

crop pattern (which dotermidn the pattern of energy use) and upon the 

present technology0 Subs xuently , alternativa technologies will'be 'excainned, 

* Each will involve some dinplaoment of the demand for energy from the 

conventional source1 , end thio substitution Will be reflected In the shift 

* in demand (usuaally a decline) annociated with the substitution of the new 

energy input or toahnology0 

Projections of the socular rate at which such changes uill occur have 

been made , &Ad tb.Ide rate of diaplacememt of oonvetiono-1 inputs p and our 

asewaptionIn thi.s rgard can be chelaneds T 

Mucah of' the discussion as to tho effect of these changos in. technology 

on yield are based on conjeture. but some experiesnt tatione data is 

0 introduced to give anl indication of the effect of timslinoss of activity 

upon yield, 

F'inally , it should be noted,) that our detta on the energy vogu3 cemento 

0 came in rather crule form , not being Originally Ineded for the u' . . 

of it,, Con:equently .made, these general activities ar sp-cified Plowing

'~sowing; Inter-culture; Irrigation and Harvest; Threshing, Where thao 

0 - had to be further refined1 , Judgament had to SUpercede specific evidence0 4 

'-4"", 



Patorn of Ene Use on Puniqb Fatms 

Before plunging Into the analysis it will be vorthwhile to consider
 

the present pattern of energy use on Punjab farms as the subsequent
 

chapters will involve themselves in variations from this baac pattern
 

due to changes in technology and cropping patterns0, This chapter will 

rastrict itzelf solely to a'eonoidoration of the factors affecting, 

and acounting for the pattern of energy for the present technology 

employed on Punjab F us.- -

The demand by a farer for energy is a function of: (1) the crop 

raied? (2) -the type of soil; (,) level of racinftl; (4 intenity of 

cropping; (5) the crop rotation folled and (6) the technolog u ed, . 

Mueclev human and animalp provides the basic onorgy utilized on 

,. .Punjfab Theoretically of energy is no consequencefaxmie tho sourcO of 

to farm operations so long as the job Is performed at the proper time., 

Man can p)lo, sow, irrigate,, harvest and thresh a crop maidcdo Pvacti . 

c55ly speakingg however, the availability of nonhAwian energy is of' 

immense benefit in carrying out farm operations. A pair of bllozcke 

is both cheaper and more efficient than gangs of men. Moreoverp 

sufficient labor to perform farm operations is unavailable at peak 

periods even in 'labor-rlchO India. Draft animals are the principal 

sorce of non,-human energy on farms; and the production of a crop 

involves a technology wich makes use of man and bullock as complamentary 

inputs for all farm aotivities. 

Y Y 

C1 
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The pattorn of application of energy is dependent upon the c "arac., 

teristis of the used Incrops, a farm rotation. The pattern of energy 

use for the state as a -ihole isp therefore, the sum of that required
 

by these rotations and for this reason it is useful to have understanding
 

of these rotations, their crops
, and their speciafic energy needso
0 Two
 

types of rotation wll be considereds those on irrigated and on un

irrigated land The typical crops grown are wheatp aotton0
0 mllets,,
 

cens, put1lesp mid rice, 
 which figure in the most inortant rotations0o
 

Potatoes9 
and similar garden cropsp are becoming important but(as theseu
 
a r-. mainly around 
 the cities , on a very small propori on of the 

total cropped areaq they will be largely ecluded° 

A given crop is typic ily speoJlfic to a 6ertain time of year, for 

reasons invclveu with the phyaiology of the plant itself° Plknt breeders 

cant and do influence this basic chanistryT, but ususlly concentrate on
 

shortening duration and increasing yield rather than indamenta.7y 

altering the seasonality of the plant. 
A farmer hasp therefore, in
 

a particular aeasonp only a certain group of plants which it is feaaible
 

to grow and for reasons of duration ,, the decision as to one crop may 

affect suocessive crops as wel., 
If its yield is to be optimall a crop r.t be planted at a oer ain 

time; its need bed must have a certain quAity of preparation (which 

affects germination); a cerain level of Irrigation must be prowided and 

certain cultursl pratices performed. A plant will ripen within a 

known time period; on or about a certain data as a result of tho inter

http:indamenta.7y
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wi ripen on time but :pr'oe a " smaler yield.: The bhast st ,:i{?) 

A typical crop roation for unirigated aas vaud.involve a 
millett or a kha'rif pulso crop planted In Jul~y and ha~rvested in Ocobo'er-

. 10 .. ,.iNovemero iisz cro valJ.kb utlOnseueaty of th cropisl msowte it 

becgaomed wineasonableh msipotanta roalto in imsP. losste fot 
# 

With o.theprovision ofiigation Water mor e varied 
thsnollorethn si mrontspa0 ai~ rppatdinJn 

crop rouato,
yai 

fletble (1n that the duration ofeny singlo oropexcpa sugrcane 

harvested in OctoberNovember. This is follod by wheat in November 

which is harvested in April. In n Jul an short fallow can be r 

alloved p hiorto the noxl maize crop or a shortfterm plse ian.beput 

in. A likely alternativo is to plant a cotton crop in A-pril-Mavwhich 

can be brought in by November Lnd followod by wheat,, Ricog to, can .:be substituted for cotton in rh saomer rotation .... crop " ' :i.z' 

beoAltefmatively a moro rigidp rotation canbe a bopteduing cne,o 

wheiblha ai ta duratioIn ofiiane tingeJuolyeaicep cgrpis 

fowhic by eter clneApr poat whicxis harnest inloFeran b 

I 

SCu ibs planted in Febroto Minch u e requiro s ontinuousatntin 

lternatively':::!:::..":: a more.."ri i rotatio... - can.- beh dopted.': .. .... .. i... ne-::":;::L!../. 



althoudh not of sufficient magnitude to much affect total energy 

demand peaks for Punjab. The crop Is ready for cutting by November, 

If the sugar rm-le delay csn receipts , it may remain standing until 

April. A gravo loss to the farmer and a possibility to ponder 

carefully before planting the crop. Once the cane is cut it can 

etther be ratooned for another year or be follnoed by pulse, rice or 

maize and these in turn by wheat in November,, 

A third type of rotationp most often found near citiesr has the 

summer male crop followed by'two consective crops of potatoes. This 

rotation can be varied to include,,a number of veogetables0 Proportona

tely , this rotation is followed by only a minority of farmers in that 

this high value crop finds its rkarket almost entirely in the cities, 

and requires a level of water and cultural management still beyond 

many farmers.
 

Timeliness , and intensity of operation, all of uhich require energy 

are essential ingredients to successful crop year,. Shortages of energ 

at any time will cause tardy or inadequate performance of activities, 

which are directly associated with a decline in farm product. Hence,, 

ahortages of energy supply are more than a nuisance; they represent
 

losses to both farmer and societyo
 

Each oop has a unique pattern of energy need reflecting its -

-, cultural requiremonts and characteristica0 (Table 2-l). These xeparate 

demands 0 uben summed across all the crop rotations constitute the total 

- pattern of energy delando As uheat Is the most important single crop 

.. ....... .... . . . .. IO 
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SrOw in Punjab itsr Mzds2 vtrtwt:i inflnn tho tcias pattern of the 

energ~y uiz~. AM 2-2) An a inul, thoic al t% skdm
 

parlacd c~for 1;nh C -cb r': bhtr aWz, Ar?:h oeo,o-i~poics) ) 

A w1~ateLna ic n U bayiuta:n :~, saa a oolMyr3x~ NOW 


deadfrOa !vnton Whie,v. E , illiti 
 M~~-yl ov planted ao 

luu o r-;utn;ec onyI: for2 the- Ano2w~ of SmLg swq.wf
 

of the actiity isinvolwd:C KYN th Win W p~ n of~OEM
 

harvest. An ithtime c(otton is ij! c2t2s M:ich is..Mo way- Mudi 

of T-ni id era WON arce w~~n " 
w.Lz Myii Q:; w~o s 

i-yhzcat M Q AprilUhc,&t arenedi and W ofn fuloamc by a. 



Thb~Ic 2-1 

-h2 hfor he.!.; 

Total 

1. -- 2 , 'L0 2 

byauvcho:'s froni ~~ Rcc-rds, 



a oz al £ ~, 

AT-1h Cotiton6 

t1ound Lte, d 3
 

AT~c.i CIOr -C-II.ll p:ir 1iectari 

Am. cottcv U 4
 

43
 

1'a a-m uta~ng-n~i 



*The demiand for bulloa1ca has three unequal peak periods over the 

crop yeaz*, The greatest need is during the October-November period 

when 'iniml ener y is required for a lest pre hrvast irription of 

kharif crops, and for seed bed preparation of the rabi crop. A second 

peak comes in April4-ay -whenthe kharif crop seed bed is preparedo The 

final peak is in July reflecting monsoon plow-hngp especially on urrri

gated landp when plowing iu used to retain moisture needed for the 

rabi ro po It typically takes a pair of bullocks about five days to 

prepare an acre for sowing (13 days for a heatare)- three to four ploings 

and one soiiing. Henlce, a farm of five acres (about two heataren) will 

require nearly a month. This month input is not concentrated in one 

time but is allocated over a period, depending upon the alternative 

demands on the energy sources and rainfall,. 

If a fa Mer opel?ato - rain-fed land ho mrust prepare hie land in 

5uch a way as to conserve the maximum moiature in Up and dorsii hia . 

crop rotation in such a way as to make mLaximu use of the uvrAlable 

moisture consastent with the energy available to him. PlMOt all of 

the moisture wil oome during the tUo month monsoon season (3uly-.1ugust)0 

The farmer mst plow hi- land before the rains stnat and then after each 

rain to hold this moisture for the fall crop. Thus, on rain-fed land, 

seed-bed preparation must begin in swmmr for the rabi season. 

4In the case of wheat the-greatest need ia during the planting 

period in Oot~bor and Novemnber, Thre6 to five ploswings ax-e required and' 

at least one, irrigation (if awc!Dalr in alvailable)0 Once plantedvp.< 2 

LfH 
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whea,t Mure little attention ~e~pt for interculture0 and irrigati.on 

uintil Aprilp when it is harvested, Throshing wil continue into May, 

(Table 2'-2)U
 

0 ') Farming irrigatd land requires more energy 
 than unirigatedo The 
extra effort to support irrigation operations is one reason. The fact 

that crops a;i larger on irrigated !ends thus necasaitating more labor 
in gathering them 9 is Mlothero Finally as the rc,.te of return to investment 

on irrigated lands is high (and as many farms have both typos of land) 

the farmor will largely conoontrate his efforts to his water-assured land. 
As a result, it takes about 73 man.days to produce a hectare of wheat on 

irrigated land as oppoood to 51 on unirri gated, A tezam of bu-llocks will 
bo required for 31 days per hoctare on irrigated land versus 21 days on 

} the othor. An ixrrigated hectare of uhoat will require about 20 man days 

1o till &nd two to sow; seven days mill be spent on inter-culture; 16 

fo v irrigation and 28 to har-vest cmd thrensho 

Irrigation reqitires labor as vell 0 . caseIn the oP 'l1ellah labor is 
tased to work tho Persian vheo). or Charna (which fucotions on y on some 

10% of Pujab wellE)p tend tho channels and bun=d and utilize water n i 

fields (cropped or uiloropped). For nost crops,Si (cane again a major 

exception),~ pumping Is the sond moot amnm3lwintenosive opeation0

In most instancen harvesting and tb lngi 
the most labor-intensive 

and difficult operation. early 50% of the labor used in cotton and cane 
cultivation isiconcentrated in bringing in the crop (and inconvertlig 

Sth
 - cane into rawsugar)0 Only rioe, ainmong the Important food crops 

I=:
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i •,In order to make an estimate of the stock: of energy which will 

17 i.? ;./:.VTe basle data relating to the farm labor force in r " : :" %P= Jab rky be 

:... ultivaterea ( .omer-opsratora-18 and their families) and agricultura 

. , ,-"" '. ":'..... ";,,!"-... - : ', " ,)''/ " :i ,j ._..: ,rilil. .of. . "' : the work force changing° For this reasons, the .first...,step.... ard: 

:;:.,,-,,. mkng a projection, of the,,::,f.>:. supply of labor oenergy must be ,to Projec~t ,/ -. 

o.•ver the period. In any'ca.se,,no persons born. afe neig"97"~lb 

$: : # :":': t'he labor force as adults so that shifts in birth rates wll only affect 

::. , the ,laor.fredrectly inoa s hlrnaeuiisTe' . 
-¢ii:!:.,. moreoverp reason to beieethat chldio will becom a "grsiv
 

.. smalle..portion of th
.... e oreding en m b inthre plan.....
 



A0e EX~e't Go~mtttea constitut ed by the Planning coission in 1964 

hQSw Ade poPalation pr'olection6 for dIfteent states from 1961 to 1981,, 
taking into account?- the likely in'aet Of voluntary limitations on ferti

liy(he'fo o 
 hc so fa a e' rv af Ths projeotions) 
together Uith the total population of Punjab reported in the pest tw 
consuseshave been used to determine An average compound growth 

with which 

hae been 

1964 
1968 
1973 
1978751983 

' Thetse 

rate 

an interpolation 

made, {Table 3-1), 

U15~kn4 

.11,93 
13o45 

1558 

2Oo 

of the total population 

for.fiPlneb 

10,32

11,7O 
13.63 
16.41
17.63 

for the years under study 

~•
;e)
 

22o25 
25o15 
29.21 
33.34
37.64 

figures wore calculated by the authors using the normal
compound,,growth rate formula-, pl1 ( + Y )t.100
 

=/ Population Projections All-India and States and Union Territories 
upto 1981 prepared by the Expert~Committee on Popilat'Cion Projectionsin 19641, 

3%[ .
 

] 
A 

0 
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Theea projection.. indicato t the population of Punjab,*ill
 

avgow by nerlry fifteen and a.half' million,, of w.tdoh number, perhaps1 ,
 

as many as thre-quartors uill mmain rur l oriented. Punjabp in 1961p
 

had about 209300c000 pereons of vhom 80% (16,200OO0) lived in rural
 

areas0 There is no pressing indication that this proportion wvil
 

sub~tantsV ll~ Mange in t ne A, 15 years p although there are 
reasons 

to expet that more persons will work in towns (as a result of urban
 

economic Pan) and that the cumposition of the rural labor force vdl
 

undergo some change.
 

Punjab is known to be a land of oimer-operated peasiant farm1 and
 

t
1this is reflected in the census figure vherein only about 1.0% 
of the
 

rur~al laibor foncoi was found to be landless farm v~orkers (5009000). Tho
 
rming 4,OO000O (deffned as 
agriculturalcultivatorsB as opposed to 

agricultural labor) appear to be amployed on their own farmso (Table 3-2)°-

T,e total figures, hovever, overstate the actual humtn energy
 

} ,TLuaw
able on farms, About 9% of the force is erprised (eqpvay),of

persons less,than 15 and over 59 yea-rs of age. 
Such persons areoimputed
 

to contribute about half the energy possible from an 'adult worker,, Womun 

comprise 22% of the field forcoo 
 An adult woman is able to eort about
 

three quarter of the energ of an adult man 
 These tw adjusttmewits have 

been made in calculating the man-days of energy availablo to Punjab farms, ! 

Th 'J6wreval ta a (eonbouT l~O~O)rlcesu 

upon each of the 4.,500OO porsons omplo'ed in agricultimeo 



ig,-. . al in i 

o of Aeuitu t ra ookAaiu la aon~el e--"', 

(in thousands)' 

MaeFemale Total 
1 ., Total. agrioultural workers -

of oil ages 3p472 4~6/,540 
0 a. Caltivatozz 

b. Agricultural laborers ' 

2o989 
483 

19007 
61L 

31996 
5"4 

2', Agriou.aural Workers (active) 

I_ ji: ~ .~ 2,S2 S93 3 7Z8.. 

ao ultiva~tors 
bo Agricultural laborers 

20418 
410 

8341 
52. 

2, 
462 

II.~ L ~ v~ 127 67 194 
, a-.Cultivators 

b. Agricultural laborers 
106 

21 
64 

3 
* 170 

24 

III. e-,uo 6 an mthe195 21 216 

Oadtivaters 
b, Agricultural 8'oorars 

"179 
16 

20 
1 

199 
17 

IV. Tiot4'Aotiv-: A., ou.tu"al..' 
Ok ers 3,150 9 4..,:1 

ao Cttivators 
b' Ag icuJ.tura. labores45 

2,703 925 
-6 

' '9628 

3. antQ f(2 Vt) 90.7 91.9 91.0 

a. Cul~vaor 
b. Agric'ultural laborers 

90"5 
92;.i.91,28 

91.9 90,18 
92.5 '4 

4~POrcetaga of (2)IV to ttal,.4' 

eCauvatoz'e 

b0A~utu~a.aoErs, 
Compiled-, by, authors from 1961 cen. u 

13.3 
2 2 

dat.. 

4.5 
OA~, 

17.8 

* *Half of each~ of' thoge age groups do not participate actively.1n farmn work;the, active POrtiOn onl1y are included here, 
-' 

4 , ',It.i! a ~ V ~ . . . ..... :
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Before projecting the sto,,k of energy avtdlabe over the period 

196,4-83p a final adjustment i rcquirzdo During the tGn yea period 

boteen censues the percentage of oultivators to total population Uaa 

seen to decline at a compound rate of O.6 per cent annually° This rate
 

* wrould only become significant over a rather long period of time, Hoveverp 

the proportion of agricultural. laborers dealined by 5% annually. Such
 

a decline, if maintained, is bound to greatly affect this laboring group 

over the comng fifteen years° 

Within the landless laboring group a ftrther shift has gone on0 

While male w-orkers declined at a op(rnd rate of about 2%p WoMMi laborera
 

* declined (over the ten year period) at the annual rate of 17%. 
Teking 

these ehifts into accorunt the following worI foraeo Is postulatov fol? 

the study period (Table 3-3). 

Taj±i
 

EMIOtcl fr viuture3l Workers in the n~ tkng

into accoumt the trond observed between '1 1261 '
 

*h9p~~t qf a illionsq4.dto
•i I 7o- Is 

Year Cu... _AiPortura1 ors _MLeemle 1 l male.. Female Total Male • 'rVmale otalk 

01964 2.87 i03 3.90 046 003 O49 o3 1,06 
 439

1968 3M12 1019 431 Oo43 002 045 3 55 LO21 476-
S197 3045 l,40 4,,85 0,39 .,o 0.4o 3q84 1,l 5.25 4
 
1978 3.74 5.38
1.64 0.33 
 0.01 0.36, 4,09 1 65 5-74:
1983 4.00 
 i188 5°88 0.32 - 0°32 4.32 1,88 6.20 

. Computed byauthors from census data. 



: tota polmation projection over the same period, it. is found t~hat the 

ral working force V113i fall about 2% (from 17o5 to 15.5%)v which in 
~~very little over the nearly 20Myear period. Du'ring this perlod the iil 

When convarted into terms or adult male unita t+he following(Tab103-4 ) lbor force iO seen to Go Al 
!

Of this labor, hm'evar, 

18 not avallable for OultivPty.on Operations, A fa -iarp typically, 

divl.dm his~ w'ork tllme Viree wayso Firstv work c)ueted i h farm
 
operationo fromm r 
 atory tillage -to the t 'aport of -the f~nra+q prlodmo't 

rrcm tho fam,,, Secondp work eonnectw Withi liveatodk, inalu&1n4';all labor 
directed to the upkeap and care of draft animals e othler li V i-

Thirdr time connected 
 with family affa'lxa and busin*WMowll forbouerun~ wokinall 2%(fro i7 5 t l5 ~%)~whih h 

!irItumabor forcer 
y:++1it+o:+ +++Q.. h'e..r e er2y+ <++2 -ya ... eid 

oln 
+ Pucn th+i. period.+,+ the,+ + +++ 

(in m:lion s)...
 

Year Cultivators Agrlevtltural laborers, 
 Totil + 
....1 
 €°'--------...
196 4 3.40 
 48 
 -. 24 


191o450
1 . .. .97 00,43 .. . ...
. . . .. 

al pop the atthors, or e.pii wt 

http:OultivPty.on


Pam- mz megnt. studies :in Punjab (196364) shov that the average 

T.rwh ivorksiw (a parmn~ent hired vorker) Tdork~d 263 aight-hourllays 

in.the yea ;, 'his time was divided among crop production (1+6 days) , 

tending livestock (66 days) end family and social affairs (51 days), 

Thi annual varied dir'ectly wihth ize offeam holding0& On 

*large holdinga (50 aawez3) a 'axi vorkar puts in 317 days vhakwirs =o1y 

251 days of labor uerensed on farmw of less than five acrav0 A dis

* tin.tion vus r.oted as voll between ouvti-ators and hired worlmmg the 

farmer vorfs 2156 days as opposed to 351 days for a hired persono 

From theee obooermtions it cen be aonolizrd that a farm "owker 

.. works an avsrage of 17 dayo a month in aetivitles directly relatvd to 

orop productiom0 There io.9 hawevero considerablo reonthly var-lation 

dur-ing sowing,, harvesting and thireshing when esoentitAly ooelol activities 

0 are postponed, Also txAoe mast be devoted to livestock. It is presumld 

that husbandry nees demand 10 days a month, every month0 With those 

asntmptions In mnd the available lsbod0 force for crop production alone 

* can be estimated (Table 3-5)°, 

Seimatsd humn Eq a-dy)ai~al 
S . for.Crot P-m9uor qn-9n Puniab-rounde0 ioff 

0 
1964 

968 
82,400r000 
891200,,000 

6 ,866
7 433vOO 

19'?3*3. -- . 9 000PoO 

1 ou9op 1OO, 
*0&alouated by aUth~rS: frOM COMPiled darta 

,.- -
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1heae figures represent the stook of human energy ave.1Jlabla In a 

given year for crap production operations, By dividing these by 12 

months the monthly stock of human labor in Punjab farm is producedo 

Draft an-imcils comp3iseo an integral part of the energy available to 

Punja'b agriculture, and are the only prime movers widely uzsd, Three 

different aimals (bullocks, baffTloes and eamAs) are ueed, hweverr

* 	 their pattern of ue and utility varies groastyo, Bullocks =,a the rost 

important work an~imal and make u~p (1966) slightly over 80% of thm totasi 

and are mod for an aetirltioso A rouphly equel number' of cils :.%) 

and buffaloes (10%) exist in Punjab farms, but their utility ie I-yoito 

restricted. Buffaloes are maLnly found uher. rce Is gatW (eastern 

and southern Punjab). hrh prirmr activity is seed bed preparation, 

C"nmels are famd in the drier areas uhere they are tsed for t3.1age 

operations and trnsport0 but usod principally for pumping operations, 

(they will walk around a Persian wheel independently without supevision :.
 

0unike a bullodk), 

Neither wimal is of much use for threshing operationso. The c lehas 

the wrong kind of foot 4nd buffdloes are unable to work im the 'April.-ly 

heat uhen the main threshing actiJvities occur,, ullocks are. thl reforo0 

the only draft animal that can be satisfactorily usa for all operationa 

in all seasons and this in part explains this wide us 0 
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The baigic 801=rc9I3 of dy, 1ft-Vnjzima i data ame the Five Year LiveIatocil 

Census for the years 19/5+5 19519 1956 1961 an 1966 The. :ir as 

the banis for our projection of qhift in aninanl population .upto 1983-.84. 

*A compound gravthl curve Wao fittred to each anin&I ad to the entirefl 


0 population to produce an estimato of the animals which con be available 

f..er.toif .no grsat ohanges occur in technology over the otud.ed 

perod (Table Both separately m d olleotiv1yj the trond, figureB 

%erefoimt. be very o~o-e to the oba rvedp except in 1951, Thio year 

vay be vi "ed* abnormal in that it was consusas the firet post-parUtIon 

="d r fleat the associatsd diet banoe in livatock holIngro. 

* (in thowsands) 

* Year Bllocks Buffaloes Came1s Total
 

1,964 2p450 29240 2P,959 
1968 2 D,50 6 ?90 259 3,055 
1973 2p,599 324 281. 3,,204 
1978 2 697 362 304 3p363
 
1983 21798 404 330 3D532
 

.40 - S$* by -....no A.A...:..n.. Census.. . d .from 

http:1983-.84
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ar&Uat l. directly~re~h~t oD produrstion0 Seond, ithwan 

faxzrm 'r~vok icludIng tnrpcrt of' Ljpu". 'Co thle rum and Prodf.oo froi -1t 

* Thir doter tmoxk mch au cotom soi~ or fauRfly or q~ciG1 &Qtivi.tiee

* P=Jab Parn IMaragement sidoDe ~hit~~CrteStudia, ,a l~ 

pair of blillokz; wrxrd 147 days por a~nun on all aciiis riOjvev, 
it~a3foiln that tbi0 cve of~Vt.~ta at directly~ umith thqe 

size of' fell (Table 3-7) calthougb th PT'OPOVr' of total titwo sq) nt 

on arop pnotuction aot1.vitie, appear' to bo rathr~w constcant over wh 

A of' the rsep, 

0 -7 
Hold~ing 2,is9 cr'op PtvF o1~ohr- te Total cral *op ,-

prod .tons ~ ~ o& 
G- 7h29 18!132 201 65 116,26 66

5-30 119.2 1.14 9",O 139.96 135%*15 112,64 331141 )4o'x818a
15-20 129., .2 10,,77 1O 85127 65 ~ 1(,-,!2 108O l5j6 0 
31G-50 149.70 12,19 ZL0.--A0 1721 9
50 4m1d ziovip 164ROO 16,2 U4 :8~J 90 F * 

Avorage 120O89 13,94 122 !47~L 

*EOn~~ijOof ?P%-M manag~kent . ko Fiinjabill 1BO4iaUMi by u~ri
D-0o11miiie nd Statiotica r Govertln oiVantaof Pu~njab 1961,15 
pg 41, 

http:Prodf.oo


Lmwgox fariw ar'e bettozr ab.L's tAo itilige their b Ilocok an'al, 

and Use Mort bullocks,, It is OEsitnazted that Pt pair of bvtlooike con 

COW-e about 10 acres and still povrIvra needed vmx~r in a timegly tu&wner~, 

SMle frzm srt have a paAr ' they. ara to peri'om thoir operationis 

- &.t the optiamm timo,, but mu-it p ,y a higher average cost for this service. 

Very srcall fam Claeszo than fivc- cicrs) wmna:lly canot su pprt a team 

~~ and vat eithelr laemr 1ndint whvt Is owiiedp or malke do and 

*try tO hire cunueyta tifram-pinf the lato aaervie av :a C'(xt o~f sm-val 

Trio abova pfrzllad of annual uise emvjis tha~t the bulloke a 7J~ao 

*~e to ptLmp vator, -.hioh ea 'ivciy my dozanvd A mah Pas' v of011heirt 

vaor'kng tL~us on irigte, wm'as., 

Givgn t'hs various ecaIim oa thoir ti -ea At i s e~m dthat a 

twim owald !bi.r uae.d Gibmt 20 d06i~ a wantn :.n activitios 6iracty ?relatod 

o (. r.-p producticn. Wi4th tbis assmrption rdn eotimate. can be ivredi of 

the cs~tc of drvaft a~nimal m&i which 'iA. be avalleblo to ovr 

*-- upto 1L981,, (Tablh 3) 

(in 90O00 pairs of anina. 1 ezcept cemioits) 

Pa' of wiuloaka rV AnixecJ. days 
W& a a E a b p~'ICniG3 Total 

19I.:L 03 240 1'600 :(20.9, 0 
1~i)6S259 1',657 314 O

462 4 o3
I"7a 1J530 304 .1r34 ot o 

ai,6oi 330.. :93 8 620O 
SCowpled by, authorn fromu proje~tiona mada frora GOI census d';acy 

U41rvft oniims1 days -will be *uszdsyalonyiouay ithfl bialodk days frm hereon 

1,)7~ 2$32, 600( xg) 
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Dead _,orr e U1in the Present ehoxi 
(and crorp vari;Tie;F 

* 	 Witheh informationadpoetoe regardlng Aupplievi of conven.

tional energy and the (.enitA' monthly enlergy use per crop per . 

hectara,, a projectlonl mid arlalyali.u can be made of the level of energy 

demand oiver the perAod -,964-1984, It ivi amuned throughout thiv iection 

t;hat ihe prenonl: conven-ional teclinology will remain the dominant one 

~In Punjab, 

The recoalremsntn o:," energy per hectave were devfeloped from farm. 

4 . -. inanugemu3nt' and coot of, produot~.on ktudlee conducted by tho Punjab, . !: , v ,.. . ; ' , : ' ;' " ' : : t: -, • -' - '. '. 
.- ' ;S~ t :" :\t ':ii ' """......,": w .. " - _, ' . ,- t : <47::i ; , W ._ .." t , .; %'~i !''.< -L : ,,, 

! 
.: ' 

.;; .* 

4 

/ / ,; 
! 

tL -' 

Gov,,ernioaentU .1ncG the 190,QsOt,;' ,;., .: ! ,:L .. C- {-"J,,' '",'. -/"" : " " ":;. 

~ " 't 
" ' 

,- ,"4 : - t t ~ - . : . t , 

andt , 

i " 

Btuppleme-nted by farmn visits and readinga' ,'- -
' 

/- ,. --. ',-.... -,• ' :, . .,' . , " t' , ,:'i :4,o!. 

".,4? ,:; .j -;. : t °q ;;t 
" 

! ,~ -•O.:: : ,-'4 ;v: W ,? 
: - t X ' . : - .'.4 , 

-
"0': -, . Q - / : , , ; , 

o-a farma practioeti, The n5xt , and, mfore difficult atep iri t'he eution 

of the area which iU bea under each crop over the otudied period, To 

do thlo the pa-,tern of grcoth of each crop are examined vines 1951, In 

moart CaL~e5 th rpwa on o vtitdifforenI patternA o-ier dISPxont 

perlodn, Wherea&; eomo cros.9 nuch as bajraqpuloes, gram and barley

dea:Uned~, other,- (wheat1 , maie 1, rice, groundnut and cot;on) follo~d st 

general'Ly upward movement, The gz-owth rate~of' the mosvt recent five 

S* year period was. projected up to 1983--84 and the final total projected. 

area compared with a projection of land use0, As the former figure

Vexceeded the latter , recoiicilia'tA vas requlred0' (The det..allq of thae 
~ .are f oud inthe ap"endir,) .. increaa.ecr.p. eat wa found to ...........e 


greatly (142% on all land and '165% on irr.igated l~and)' Thl,n Bemft o, 
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very sntrong presumption and can only be defended on grounds of: lack of 

alternative winter crop.#i the relatively low riqk nasociated with Ito 

culture, the aoaumption that favorable price ratioa, and Punabab8 

oomparative advantagi In wheat production, will persist,
 

S,In addition to making crop projections a compc.ation vas added 

by the need to account for the proportion of each crop which would be 

on irrigated and unirrigated lando Land usep Irrigation potential and 

crop characteriatios (technical and economic) entered into our judgement 

In this regard which details also are relegated to the appendix° 

From thin exercioe a projected cropping pattern frca 1904-198.-4 

emerged bhich produced the area coff.o1.ents (Table 4-1 )itu ed in mking 

the per crop energy etimatea (Table 4-2), By sumning-for each studied 

crop year acroon all crops, for each months total demand ftgures for 

energy were calculated. These, of courve, represent technical ant es..te. 

of demand for energy if farmers follow typically observed practices 

(Tables 4-3 and 4-4),, To give an idea of the changes in energy demaru, 

over time, the comparative demand between 1964 and 1984 for each input 

are preeented in Figure 4-1 and 4-2 and are compared with their reapeW-oe 

associated supply of energy, 

An examination of the two graphs imediately reveals where einergy 

"upply for both inputo ha" become a conntraintv and a growing one. The 

pinch cameo in October and November0 But Aprilp the period of uheat 

har.-esting is also seem to be on its way to becoming a labor ocarce 

*,-These two tables are located in the appendix. 

i~T,.1 :] ... .- . .
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TABLE,; lt-I 

r- . i Rf11,G'' USEIC,. 7AI UCICNfL T&' 9:LOGY 

Anrnual 

.98 7 9 2j 2 82 

~96946 00 83 9 

~56 40 5352 -22 2627 289 
i.7S9 62 47 rU7o 36 48 C ~~.~ 0226 

68 52 &1~ a ~ 52 i529 1rA. 9 
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peiri''od to~ well. The demand for bullockr energy only becomee a conetraint 

at the autumn peak; but then It become a very se'iere one,~ Moreover, 

by 1984. the shortage of prime-mover energy will opan the whole period 

from late September into December. However, labor supply too 11ill 

become ecarcer over a longer period of timne, Why haa the Intensity 

of energy use became ao much more marked? 

it followa mainly from our avaumptiolg3, concerning the cropping 

pattern. The increaged rabi planting,~ of' wheat, immediately follov~Ing 

Increasing uhange under kharif aropv (In turn permit-led by Increased r~ 

irrigation) put5 a very, great burdey_ upon the traditional ensigy -.ourcea. 

*.' 
It 
; 

must be 
" , 

remembered that with respect
'!.,.' : , " .' , f. :. t ; "b,' 

to wheat we 
'f .- "!> 

are 
"i 

not at ANi
,,D ;%t '' :': i: ,, 

' 'f",.¢ , - point usngJ:' 3. .. ,,y HIV which vill greatly increae' - "."i ; - " " -'. ,; ';.: we shall see) the demand:-:.: f-.,"' " ''J '' , -, ,d' ' ' 

for labor in April as a rea-ult of extra yields. 

Punjab farmiers at the piresent time allocate their available labor 

rather equally between plantitng, culture and harveal operations (350,. 

27%. and 38% of the total man days ropeo svly (Table 4-5). )Onr two

thlrds of he available aWiEa energy, howevor', is uoad for' plowIng 

and sowing alone; only 1~5% for piuaping and cultural prac Uoes and 17% 

f or harvest and thruhsng, H'ost of the eaimal timw In April-May (and 

about half the hutman energy) to~ raquired vpacifically', for throahing 
which in h~eavily labor intensive ond roquires the norvloev of the 

During the period of peak demand (Table 4-6) half of the human ' 

energy 0s required for haryveatlng right Into December, Plowing begiw p 
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vih ,Viemoneoon. period iq Iandcompleted by Vovemb3r, Irrigation activities 

i~,.~ ' : reach their peak in September-December an Jue, Soig" a ao 

:-"'i-conouming, 

peak'need 

and .must be donsp in ,the case of wheat at the .very .period of-' , 

for labor for the kharif harvest, 

:i! "' 

:t. ' 1 iihGiven the exceno demand in Gceoberand November, A Irghe sawing i-. 

eandfinal plking for wheat whe h l most likely t o be potponed.abo 

Standing, ndm eo nin the as e oe the peiod of 

the nert crop., As energy is already becoming eomething of a constraint, -

through ito effecto on timeliness a brief digression into the effect 

on yield seema appropriate,, 

Tardinene in nowing has a marked effect upon yield, 14eriments. 

. 

• / 

* 

[-conducted on varioui research stations in Northern India are suggestive 

in this regard (Table 4-7) The reduction in wheat yield, for example, 

when the crop wap sown three weeks after the normal planting date was . 

r~oun~d to be p to nine quintalg5 per hectare (12% belov normal) and anmuch 

* o~muhas 28 quintals/ha, (41% below normal) if sowing w''ere delayed Nix. 

weko. The puteiitial additlioaJl. yield if all whent were planted onim is, therefore, consi.derable. The Limiting factor is energy, 

- .3 

* 3nergy i acarce because harvreoting occurs inmediatel-y before -rho 

-sowing tie, which in a slow operation0 Planting dates are pushed , 

back as a reault. The advent of shorter diration HYV will offset hib ,, 

0one, 

"-i~ o a e----- - but, lou-,i1 will,nonethele.s occurhGiven 

the3 supply of bullooks 'and men likeliy to becaae available over the study 

pericdq, the period ',,ctober:-November will become an increasinglyr critictil 

-and- one, which will entail the, loc of considerable vheat production0o 
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The demand for human energy in the peak autumn period will be 145% 

greater in 1984 than in 1964. The growth in demand for animal energy will 

be 165% over the same period. The growth in supply of human energy will, 
be greater (140%) than (122%) but in will thethat of animal neither case 

gap be narrowed. Indeed pril9 a break-even month in 1964; has beome 

a deficit month in 1969. 

In part this increasing deftcit of energy is due to the growing 

importance of wheatp amongstrice and maize the foodgrains and of!cotton 

especially among cash crops. As a result of this shift in crop pattern 

the resulting shortfall of energy in otober will rise by 170%. 
Xt is not immedlate y obvious given the apparent need which activity 

.hould be mechanized first. Different activities involve constraint;;s, 

gyen their present technnologies, at different times, With respect to 

human energy, whose input is spread over oeveral activiles in the fallI 

the relief of any one pressure on i t could bi-ing demand into line with 

.uppy In April, haioeat and threhing, are the central activities,, 

He., high price of labor, and high raten of output (at a oeir' per unit 

cost) have already caused mechanical throghers, to be substituted. We 

shall aee their effect upon conventional inputo below,, 

,Jnergy constraints, from a technical s tandpon t, notare the only 

factor which will determine the pattern of-technical or input substituti on,, 

Rlelative pay-off between alternative systems even an both are technically 
adequate to,performthe job at present, will play a major role, The 

beat example Is that of ptmpsetis0 It is to this technical change that 

we ncOI turn our attenton,, 

I 
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'h 1055 effets on Lcma-1d 

In this. Secition the offect, of the rapid energimation of watei supply 
on demand for eaergy w'ill be examined. The outcome of this technical 

change will have an impact beyond the substitution of engines for 
bulloaks 'It will reduce the demand 'for bullocks resulting iy i higher 

averago cost of operation for this inpnte It All improve the opportu

nities for water management &llowing more efficient use to be made of 

*iiaterthus lowering costs ot prcduotlon, M~orover;, multiple cropping 
will be able to beome much more wideopread in the region. In this 

chapter these extornlities will be touohod upon;, the4, are, howverr 

very significant and should be bot-no in mind when considering the socie.

economic calculus relevant to this tochnological ohange 

Although, Punjab has bean known qA an irrigated region i..noo the) 

latter part of the 19th centcry, this water has in fact 'son ajinly 

supplied from riverine sources (about two2thlrds) through a natuork 

of canals, Until very recently well-irrigation from sub=soil Viater 

,-asw limited by the unavailability of eufficient energy. Pmping was 
Sformerly done with the Persian wheel or by the Oharsao As recently as 

1943, there vere !esa than 500 pizmpEets in operation. Beginning in ', 

the late 1950s the picture has changed draatically. In 1956 , there 

iwere about l2,GOO operating sets, ten years later, over 66 ,O00' At 
the present time there are more than 100,000 in use..""" By the and of the 
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Fourth Plan, this nuber is expected to treble Hitherto, bullocks
 

* 
 provided the bulk of pumping energy and pumping consumed about 15%
 

of the annual bullock input. Nearly a third of the human energy 

expended in crop activities has been absorbed by activities directly 

associated with irrigations operating the Charsa or wheel9 
opening
 

and closing the bunds and so fo-th. Even with: energization of pumping 

most of these activities wl still be required; savings will come from 

the replacement of bullock by engine. 

The p mpset appears on ito way to become a most important element 

In Punj~ab agrioulture, A projection was made to estimate the number 

of pumpasts 'which would be Operatiblicl at the end of each 'forth-ooming 

plan period (Table 5-)o This projection was prepared separately from 

those made by the Planning Commission and differs from the" It atteMPts 

to take into consideration land-ume patterns and keep the projected total
 

irrigated, area cunsistent with these patterns. Our pirojection (:oncludeL 

that, by the end of 1-4o Sixth Planning Period (1983-8'440 as much an 
.93o6%%'of the total culturable area will be sown and that nearly 60% of 

this total ar'ea will be Irrigated. At that time there will be an 

estimated 540,000 pumpsets operating on nearly 300,000 tube.slls plus
 

other water sources. These will enormously magnify the inten8y±of. 
irrigation and may allow the gross cropped area to reach uptc. 20O% 

2 ./ Irrigation from a canal is mich less consumptive of energy as 

the water flows into the field, by force of gravity," 

4 
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(up from present 140%) on the irrigated lands 0 

*A vingle pumpst an replace two parsion mheels, as its command 

area Is roughly double the conventional water lift. Such a substitution 

would entail the cotyilete replacement of -the draft animals and half 

the human labor. In aggregate., this willJ. represent a conoiderable " 

saigto Punjab farmers. At the prooent time 25% of the total biulloc 

contribution to wheat production Is pumping0 Substitution by a cheaper 

input wil.l reduce the cost of wheat production, although to some extanlt 

this economy to farnea will be diluted by the need to keep the bullooks 

for other ectivitieSo
 

Some economy will accrue au well from improved timeliness due 

to the quickrer application of water and the reduction in desnod for 

bullocks time during the peak doinand period in Octoberi-November. Rice,, 

maize, cotton and cane require irrigation at ths time as does the wheat. 

Sseed bed, then in preparation. Costly (at this period) human time can 

be econnnied as welL, The demand for energy from conventional ources 

for irrigation, per he tare. on the prinoip o-n crops is shoun in Table 5 -"0 

M,e displacament of labor and bixUocks by pupsets has been , 

estimated (Table 5-3) and its effect upon total domand for those inputs 

p, in 'Fig 0 The displacement grows magnitudepsented graph 5-l), 	 in over , 

period the numberthe 	 ao .tujied of pumpsets increase., The dizplaC.eet 

* 	 .... /we focus our attention upon the peraian wheel as it isby far the 
most prevalent traditional formn of onerg.ized uell0 Chasats account
for only 10% of thbe total in Punjab, 
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THE EFFECT OF ENERGIZATION 
FOR ENERGY FROM HUMAH 
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OF IRRIGATION ACTIVITIES ON DEMAND 
AND ANIMAL SOURCES- 1983-84 
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is particulary welcome, and evident In October-Noveinber,. As a result 

a-al of the increase in the number of pumpsets, excess bullock dmmad in 

this period vill. be eliminated by 1983-84. Human enorgy Vill also, be 
in aomeW at less demand but more efficiently used as the level of demand 

declines in that labor need not be used so extensively on activities 

I fhch formerly required considerale effort at a busy time, 

The use of these inputs will ift fact declino during the entire 

yearo What the social costs will be camot be estimated, but it must 

be remembered that benefits will simnltaneously flow from the innovation 

involving more efficient use of land and water resources,9 cheaper 

agricultural products and the beginning of the displacement of eostly 

draft animals from the nrual scene in PunjaL% 

• • ; .,) 4 

L) 

.7' . i!:!!i 
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Higz e.in~Vree 
'3 .4i 

Whereas input-aemand-raducing pmpsets have come into widespread 

use reuently0 this change in tealniology has accompanied the simuiltaneous

introduction of input-demand-Inoreaeing crop varieties, Since 1965; the 

high yioelding varieties (HYV) of foodgrains have gained a rapidly growing 

share of crop level (Table 64.1)1 From 817o000 ha. under all types of H :V 

theze varigties are erxpected by 1983 to account for almost all the ,oodgrains 

on irrigated land, to cover neazlY 4j,000,000 ha,, Such a radical tshift in
 

variety is fodud to hmve some effect upon the quantity and pattern of
 

enegy needo.
 

The HYV are likely to have two obvious and immdiate effects in this
 

extra
regard, The firatp and most dramtio0 will be that assoc ated u.th 

yied.d With ,wheat yields being as much as a,doublep extra labor uill
 

be required to harvest and thresh in about the same period of tUmo, Aprl.-


May. This extra demand appears in Table 6-2. The new varietieos ought not
 

of themselves to require v great deal more energy for plantingo irrigation 

or inteoulwture than crops presently on irrigated land. As fertilizers 

and pestidides are usually applied to these varieties some extra effort 

will. have to be m3deo but these are likely to be marginl to . ,sting 

, practices and not' greatly shift einsrgy demand upward0 Thore will be 

2shows the figure for 1983 -84 alone, the inc'reiental changes appear, 
with essociated technical changes on Table' 8-. 

3_In the caso of the dwarf wheat (Mellor reports) the number 6f plowvinge 1 
increased0 more wacedings &undirrigations nre given,, and harvest raquires 

.. additional labor, 

4 
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come shift iii peak demand time as a r-a-IJt of the HYV This will be 

mainly assooiated with wheat as it will be, by a considerable margin , 
* the hiost important of the HXV cropa soun. Consequently;, the pak 

periods associated with wheat culture will be those affected most 

visibly by the change in technologyo 

The greatest period of peak e.ergy useo, for both oonventional inputs, 

wdill be flovember (forward from October)0 In f-et the October use 

level will eomowhat deolnoo This renlects the second vffeqt of the 
HIV nasmlyq the change in duration of the arop due to the variets l 

thange0, 
SThe HYV due to ±ts shorter duraticn.,will be planted in Novel:oe

and Utill ripen in April0 Instad of Ootobersg having the groateet 

shortfall in energy supply- October demand will be met uhile Wovember 

demard will emcced supply, The amount of this shortfall will to some 

ex-tent be made up by the savings from the inochaniisatiun of punping, 

but not entirely. 

HYV will, therefore, toke some of the pressure ofT farmera during 

the 'Kharif harvest period0 although these too w.il be isor'nhat lu.rger 

due to varietal chaxigeo. 

Demznd for energy uill markedly incroase ~n April and Mlay~, for bath 

inputs, relecting greater yie~ds. Givn the supply projections for 

1*1., . labor in 1p jayb there vill be greateir pressure the ever on the .xisting 

labor splca sin harply hihrwages ovr hetw wnt porladp 
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*Meoljanical 011stom threshin g Of Vheat by private entrepreneurs,~ 
hws cciia into PRun~ab rapidly in recent. years1 , In 1968 69 an estimated 
4'0"/' the wheat crop uill be threshed in thia fashion. Formerly0 
threeIhing was done by the strongost wien and the hooves of' bulloaoke 
Meohancdl threshing van~, therefore, be ex-pected to have a Strong 

d&splacooment effeot upon these conventional inputs. The cost.reduaing 
effort of machanical threshing iamade apparent by the relittive rates 
of2 thres:Lng, sit a time when conventional energy charges arys at Mhe 
paaw, Die mechanicsl wg'eooher is oa3 twie as producti~ve asth 
trsadit:ional Phallia eystem of throshing mid requlifea only as third ab 

74 

., ,- W 
 : '.UY* "" 4 
:- t 'i' i -/ much human lAdbor and no bullock haurs1 rhe-r, h easso 

Is not dependent upon the wind fur vinnoiiing, present].y an iinportunt 

factor retarding the completion of the operation0 

lbTe rato at 7Ahich Introductloon of the new syi~em hati oocurfed1, the 
sipiiyof the iachinw-y involved (wic is locally prouca 'in the 

* Punjab) and itz obrious economy leads 
" 

us to expact that fully 100% of~ 
Punjab whoext iill be mechanically threshed 'Within a decaele (Table7 ) 
Moreover, given the impact upon demand for labor during harvest the 
thresher will have an Important role in reduoing thsecs.In addition, 
bullock demand ill1 be. reduced by a half duringMy 
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4,.4AlI i io4t *444"44 r n given Ou in -

,''
i :, - puNblie policies,regarding machanizatlonp that this transformation :is 
 ,

:econ~ies 


-• ... complete technloal substitution to occur,, The manufaottwe of •....;:>
 

>ig-.,:,. in-herent in the alternatve are no favorable' as to cause an : 

:almost 


ii~ii does not require a lleence,
,:threohars 
 Involves little investment and" .... 
... .4 ...
444 i"'--4-4'-'44o . . . . . - 4
:::ir are completely In the private set~oro It wuOL&dVfurthermore ,require'
27 ;52s 4'4 i':',4 ,  ' 44 4 4 44.44. 

....... i:.:i:"|.5a very saonaiderable level of taxtion to discourage their use (given their "';:",>{
)
 

high pay-off s) even lfz-uch a policy wore desirable, 

"i~i;,i Tho social costs in displaced labor may be g"eat,, This will ,be •: .'"",)}i. 

0 tasken up In the next and final chapter uhen the net effedt in ongoing ' ,:?!V ' "' ' ' "14 

, ,: {i ::.. ealnlcal changes will be consideredo. ':; 

http:i:.:i:"|.5a
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 Soures of ne
.


Im"plioations for policy 

This paper deals with the question of conventional energy inputs 

as n constraint to increoaing agricultural production in the Punjab 

and with tbe pattern of their displaGement as a restilt of the introduo
tion of enereied puMPsetG, high yielding varieties and msoh&,nkzc 

threshing. The paper else sets up an analytic framework within which 

the effect on energy dowands of alternativa technologies and crop 

patterns and rotations may be studied, (Table 8-1; Fig. 8 -ij 82)° 

Vhese three technical changes selectedvere to be introduced as 

incramental adjustments within the traditional productive pattern for 

two reasons. Piret, somae date au to trade off between the substituting 
technolotes exist. 
Second, and far more important all of these technical 

changes are presently ongoing in the rural sector0 Farmers have been
 

* accepting theu no rapidly as they became physically available. Cvredit

phas been found hori oupplies of the input capie within reach of the 
armer., To a very vignfcn degre these technical chellr beod 

public policy in ao far au policy is able to exercise a veto, or even 

much of a brakeo, upon their spread. 
Tractors and combines have not been 

included due to laek of time,, but also because the growth of thei~r use 

are very dependent upon public policy. Any analysis of the effect of 

latter tuo capital intensive inputs will have to take as Ito point of 

departure the demand for conventional iputs export of the three studied 
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a.'Inputs beciduse Of this' ~Iery rapid apernoa u~n etr 

In the rural economyo 

None -df "the three studied technical changes are likely to be0 
either reverved by public Policy or their rate of spread diminished, 

for reasons of fear of labor displacementp Yhich we have found to be not 
Insignificant. The HYV program wiU3L be pushed :in the interest of national ~ 
Self-S~ufficienoy. in fact1 , thlis progrem is Job-'orteating , in excosa of 

Supply, as a result of groatly ircrotased farm yieldE3,. Thle rg~cannot , however, be sucoessftl unless its acreages are watez',aas4m-ed 

.hich means that onergizod pumping must be encouraged by publicpol-cy 

as well 0 Pumps reduce the demand for conventioaej. energy by about 10%annually The extra yields possible from the 111V reuire a much largr, 

.labor force for their harvestp hotyevor , mechanicrA threshing wil. reduce 
the labor and bullock o tewet -irynedcrop by about half 

during the Wheat harvest periodo Tqchanical threshing as on input hAS 
S... developed largely outside of public policy in response to need The 

demand for a cheaper and more productipe technology war. lTrgely from ,nt
local resources and technology0 Because so much of the impetus behind 

the Introduction of these nov technical inputs seems irreversible we 

believe our general estimates of the dmaand for conventional energy are a. 

not unrealistic and variance will accrue more frcu misjudgoment as tri 
cropping pattern than to rates of substitution0 

Pa.',-
" 



T'- ~The -'pply of-dnergy~ is-bithior matter. Insofar as~Pum~ab 
remairwd a closed economyp our supply projections seem defensable . 

However1, in 1968-69%movements of' short- temr agricultural labor .freu 
Rajasthan have been reported.. Furthermore, there has been some movement 

of workers from urban areas during the harvest periods within Punjab. 

Those factour will aot to raise the supply of labor somewhati but there 

is reason to believe that, on logistical groundsB, the deficit supply' 

cannot be maIe good by labor importation alone, The shortfall in labor 
supply. in April-Mrq4a is of the magnitude of nearly 18,000000 mn n-.days 

which would require nearly a million extra workers in that one month alone 

to saify. Moreoeverv a half milion extra workers will be nooded Ina 

November. It seens vq'ry doubtful that such large "bt short-term labor 

migration could be managed alven the opportunity now opening to armers 

to substitute therse persons by machineory0 

TM6 general pattern of energy denand does not change greatly bOtwjeon 
1964-1984 as a result of shifts in cop pattern and incrcuuid machaniation; 

In absolute terms. during peak perlods0 the level of demand for huiin 

energy inoreases 125% in October and 165%in April as a remilt of these 

shifts. Bullock demand increased by 165% in hovember., largely do a 

result of the HYVo These varieties ore responsible' for the incroaasd 

labor demand in April as woll but mechanical threshers have acted to 

greatly reduce domand in for labor iit' may. h 
We may now turn to the question posed at thebeginning of this-*' 

exercise  when and under what circumstances wrll conventional energv 

supply become a constraint, The ansower is now obvious. The supply of 

44 -Ys .,, - • -
nergy 

e n r y 
of both human 

.. ... 
and animal inputs would become inadequate to copo

c~ i n dt I t o i p'": .: 
'-4: :.? . : , ' ' . ' " ' .' . . .:" :-44: ') .( : ;, :]4 ti 
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with the mountlng demand for food even with no -varietal or other technical, 

changes. These changee accentuate and to somo degree shift the pattern 

7 of shortager but do not of themselves create the aituation. The shifts 

in technology studied here havev howeerp the affect of increasing 

the average unemployment of both factors over the yeIaWD especimlly in 

the caae of bullocks, whose entire level of demand over the year wil 

".- /be depressed. In the case of human labor the tvin peahs of supply 

I shortage remain, but the troughs are deeper and the slopes steeper. 

Fluctuations in labor demand rill therefore , become much shaXia oprSuch 

movements may well act to increase the rate of exit of landless labors 

if off=faxm opportunities 6xist. The magnitude of the ihortfallmake it 

unlikely that sufficient out of state labor can be easily imrorted to 

cope with the two brief periods of shortage° This means that vageo, 

especially in April will continue high for a feo,. weeks and farmrs Vill 

continue to seek cheaper mlternatives. Custom combine service wll : f 

likely become very appealing under theso ci-cumstances for ail activities. 

There xll probably :b less technical need for tractors to moot 

the "needs o~f post-kcharif ploving. as much of the bullock defiloit M-lbe 

diminihed by the introduction of short-duration .1o V. Hovdveor, aLven the 

lower level of average bullock useo, the average cost per farm to operate . 

them will'inorease as they are dispaed by pwapsets and thx'ehoi,.s; F'or 

three months, they will have elinoet Ito directly productive activity atI 

all. Suich.cunomieo vill become powuerful) argumentso especially to the 

smaller farreis who can barely manage -a pair, to use custm tractor 

time for Nov6mbor and June plowing if this is available. 
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Which labor will be diaplacod by these farms of mohusWt4 on? 

On the whole, these innov tions will not greatly depress the average 

group in P1tmjab rill likely be hit the hardestD but will still be\neededduig -the peak periods. In fact more labor v4l7 be needed than 

ever before eu h xveat. Thoedecline in labor use in the rnter months 

comes mainly from the meeihawiation of irrigation. This will affect 

able bodiod men who operated -the charse and boys behind bullocksi usually 

vith one pump replacIng one man. 

The thresher will, be the most labor displacing - and uuch aotivities 

usually involved strong men Hiread persons vill probably be the fist . 

to go, but it will doubtlessly mean loss employment for the farm family 

in this activity asi well 0 It sooms clear, howovor, given the extra 

prtductivity of the mechanical thresher that the family income to the 

farmer will be higher oven with the shorter working peried reqTired to 

perform the operation, In factp the rate or return to the farm should 

on the average be higher over the year,, despite the lovor family labor 

input, due to the economies deriving from the new technoloyo In this 

context the lowering of labor input way be vieved as an increase in 

standard of living associated with the increaved productivity of farm 

labor. 

In Punjab0 	 we estimate that the landless labor groups will become 

* 	 quite small by 1984, Thereforea the Immediately displaced group in the 

state is not likely to be very larger, There io every reason to believe 

iv, 	 i , : • ; ' ' , : < : ' . , ' . .. - ' . . ": . . . ' ' 

- '	 ",

4. : 4,4 :. . . > i !: -• i • : • " ./ " . : ' ' ' : , : ":' -'i! :.• i', , _ i • i : '.. . i ..i ' 
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that the inoreaoed level of'rural acti'rity and prosperity will be~ 

associated with an equivalent activity in the urban aector mhich ald 

be able to absorb both landless labor and some members of the farm 

operatorsO families. The social costs involved with this level of ' 

mechaniLation are not, therefore, altogether olear. 

The benefit to society from studied forces of mechanization seem 

clear and potent 0 Yields wil be favorably afferted by prompt plowing 

and threshing° Moreoever4, by shortening the period required for any 

single crop the opportunity for a post-rabi and post-kharif rrop will 

become real and from this the provision of larger amounts of cheaper 

agricultural goods will be a direct benefit to society as a whole. 

A great deal of discussion has centored about the isaue of the 

desirability to mechanize.Tdinn agriulture, The point is rmade in 

this paper that substantial mechanization with deep seated effects on 

the pattern of amploymont of conventional inpts is going on, rapidly. 

Several nen changes are in prospect as well. Herbicidos9 for examplel r 

iich will replace a great deal of intercultural labor-intensive 

activities are now coming onto the scene.
 

The continued development of bullock-displacing energy inputs make 

this oonvent.onal input more of an wanchronimu in PuFnJabQ By 198/4 the 

major bullock activity will be plowing0 The question may uell be raise6d 
before then, ;can Punjab faxmers in their desire to r.lti-'crop afford 

4 JQ.,such a slowf and expensive prime movor? Given the 16% of gross cropped 

area under fodder crops for animale9 eziclleat economics reasons will 
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K 	 Ener §Needs 

The energy needs for crop -roduction. in Punjab agriculture have Ven 

detemine onthe ba.sis o:
 

(1) 	pbyalcal inputo of labor (human and animals) required to produce 

each of the principalcraps; and 

(2) 	 expected cropping pattern of the state over the projected year, -

A3 far () .the main acu ,es of information are:

(a) "Studies in the Exonomics of Farm Mnagemept In the punjaib J. 

: .1954-55 to 1956-57 and 1961-62 to 1963-64, conducted under,. 

* 	 . the 	a~gin of the Direatorate of Ecoomice and Stati!tico, 

Ministry of .Foodand Agriculture, GUlo
 

"(b)
Farm Accounte in the Punjab", an annmal series" (since he
 

192003J) on economics of farm busineso, pubJliahed by the
 

* .Economic 	 and Statiotical Advisor to the Punjab Government, an-d 

(c) "Cost of Production of Crops in the Punjab for the yearcb, -

196162 to 6", unpublihedu1965 report of the Economic and 

Statistical Organization of Punjab Governmen", a0
 

The data provided i~n the laat publication i5 the most recent and asi 

auch hAs been mainly relied upon -to workc out the estimates, of *labor 

requirements of' cropz; for the wArileuF agricultural operationG These0 

LAJgures have further been split tip warogt the monthfs accoring to tho -tlime '> 

o.pefnn thee cperationa. The -finalpoeitwi, as, it hasF emerge'd;
 
isleg 'i tables 42. c.(); (c.) ad(di.
 

& 	 )0an
 



(0)Y estimtion of laud-uue potential; nd .... :': 

The Punjab statistics from 1951-52 'to 196.1j-65 sho i that: ""

hentareo during this periodp as the result of decrease .1a -. 

cu-turable w.aste land from 101 milion hectarae to 0,o5 iilllon , 

0., 45 million hectareso 

Nb the percentage Of net area sol, n to total available land Inecrea; ed-: 

cr om.72o59, per cent J.na 195i-52 Wo88, 90 per cent in "19 4-65; 
~~~Keeping the,3e trand5 in mind l-ad-u.ie area projectioao for the yearn .:.... .i~ 

under study have been made (Table Appendix I), i':i:~i 

:i. As the result of a decoape in the uncultl-vated culturable wastqand ) 

'ealla- lands, the net sm area ig ei, ected to Increase from 7,8 milllon -" 

... "hectares in 1968-,69 to 80l tllion hetz In 1983-,8.4, The to'tal area
 

,/ of land availble fox- eultivaticra i, -Likely to remin.,, more or loe~, atble":~:i
 

i)/-:'near,8,6 mild~ion hectareo. lesB acreage ab-Dorbed In the process of 

-!!At pr'esent owe- 90%oa, the •total available-land 18 put under crops .>/.: , .. 

95%of.the.possible cultivable are, 

http:l-ad-u.ie
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Atp.mlap procedure odor projeotng land-ue 

potential has been fol.lo-ed in deteramining the perppective cropp"ig 

patt-ern over -the 8tudy period.0 The compound growth ratei3 observed up to 

1964-65 and those adopted for the subaequent years are noted in Table 

0 Appendix II . 

The obesrved .Ifalues during the 14 year period end-ing 1964A-65p indicate 

that the area under all crops, excepting gram and millets, io showing an 

upward t)'endo Wheatq which is the principal cereal of the gtateo haa 

inoreased in area at almost a uniform annual growth rate of over 2o2 per 

cent between 1955-56 and 196/4-65o In view of overLhelmng JrportancO of 

this crop in the agricultural econi~y of the state, the pivotal position 

it occupies in a wide rangq of multiple-Lcop.xotations I:oT:Iigatod ariea 

and abgoyce of any other alternative ccauptina oropp wbh.ch can be extensively 

grown in winter 8easonp it is envisaged that the area under thIs crop will

continue to inoreara at an annual growth rate of 2 per cant up to 1978 -79 

and at 1.5 per cent thereoa r, This estimate in rather modefst-for the 

period 1964-65 to 'The iidicationa are that the growth ratiD during 

this period-uill be much above assuied rate, as by 1967? 6the inasmuch 48. 

the area under thie crop in the new Statee of Pujab and had .laryanaD 

already exceeded the 1968-69 projection for the erethile Ftmjab t.l.ch 

besides the two new atates, included some vreavi transferred to Himachal 

Fradeeh0,
 

0Thq area under rice hag mcwe than doubled itgself between 1951J-52 an-Td 

1964-65 and its annual groath rate b'twaen 1960-61 and 1964-61i was 

With increased -rrigation facilties , area under this craop is also expe-ted 
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to go up,, but at a somfewhat loer rate than in the past. AmIongst the 

cash oropso groundnut and oobtoiip are shcing substanitial Increase in 

their aoreagep but the area under sugarcane is not much increasing.
 

since there i a l3init .to inarease in area and it 'may not be possible 

to maintain the same growth rate it the next 15 years as observed in the 

recent past, the gr rth rates in the case of different crops have, by 

and large, been assumed to decline progresaively. Depending upon the 

nature and importance of cps, however, soe variations have been made 0 . 

Due consideration has also been gien to the Irrigated areas, and trend In 

the r extension, It is presumed that the potential creatod by most of the 

irrigatlon works,, mo far undertakenp vill be fully utilised by 1978-790, 
Thus largest addition to irrigated area is expected to take place dmring 

the next 10 years.
 

The area projections for various crops are very rough and could, at the 

most, be accepted as guidelines, as in this exercise no oonsiclratio .has 

been paid to the relative changes that my take place in the prices of 

different agricultural products over the nextI 15 years,, Xt seemsp however, 

correct to presume that for the purposes of this study the overall position 

is a viable one,, 

On the basis of these projections for the crop areas, the total and . 

monthly requirements of hwnan ,and animal labor in diff~erent years have Len 

by mu.ipJyingacomputedthe are under crop with enargy inputs and then 

totalling them t Adjustment for miscellaneous crcps, Valoh have been 

unaccounted for in the cop projectiona, have been made in proportion to 

their area to1 the total oropped area. 

V 


