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Vdnious agricultural aconomists have defined farm
managamenﬁ’inkvarioua ways. Acoerding to one definition, ‘It
is & soienéa dealing with the combination and operation of
production factors including lgnd, labour and capital, and
salection of the kinds and amounts of orops and livestock entore
prises which will provide maximum and contimmous returns to the
farm unit'. 4 second definition {s 'Finding good solutions to
tho oconomic questions of p;oductiou that a farmer faces overy-
day on the land', $hare ¢an bde other definitions deponding upon
how ve lock at the subject. But bruslilng asids the question of
defining 1t technically. it may be very well stated teo bve, 'Finding
sound means for 1myreving the farmers' lot'. The agricultural
situation in India is rather poor and has bsen tadly nsglsoted
until very roceatlye This can be seen from the following account
of Indian Agriculture +

'0f the total (agricultural) population of about 250
milliona,-%i millions or about 26% are self supporting pereons,
147 millions or roughly 59% are non~earning dependents and the
remaining about 12¢ are earning depondents. Of the self support-
ing 71 millions, owner cultivators are roughly 45.7 millions,
tonant cultivators 8.8 milliions, cultivating labourers 14.¢ millicns
and agricultural rentiers 1.6 millions. It i{s the high percantage
of non-earning dependents in the agricultural gsctor that is
responsidle, to a large axtent, for the badkwardness and povarty
of rural masses'. '

Land in India constitutes by far the largest portion ér
the natural resources of the country. Similarly agrisultural
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produce congtitutes the largest pertion-nearly 50%-of mational produst.
Also 83% of the Indian papulation lives in rural area, about 708 of whom
arae following agrioultural porsuifs i.e. 250 nillion Indians depend for '
thelr livelihood on agrioculture alone, 1% 18, therefore, of vital igpor=- 4

tance that development of agricultural practices on modern scientific lines j
be glilven first and foremost sonsideration. In fact; no economic and gocial
progress of_gna,canntny{éup be gads without sgtrangthening the agricultural
base of out\aconcmy. He qnn?;aalise the pressing need ofiowganising a

study to probe into the conditisns under which farmers work and the problens
they have to fasa from day to day. Agricultural operations in India are
carried out primarily with the -belp of humaz and bullock labour and the
Asplements used are little bétter than what they vere centurias ago. Thus

& mere recommendation of botter farming practices with modern implements

vill not do. Thers is, in féf&’ a nasd Loy re~orisntation of the entire
agricultural systen. - '

A guggestion that 1s bound to prove of lumediate consequences 1s the
gotting up of oducational {nstitutisns for imparting relevant agricultural
knowladge. to: the farmers. bastern eountries are congidsred to be advanced
in agriculture. Tho one major factor that has contributed significantly
towards Shis advance 1s $hat the farmers in those countries are educated
and can well appreciate the ee-mnaic principles connscted with agriaultu&a.
The only Asiatic country that le eonsidered agricultupally advateed is
Japan and even in that country, every farmer spends 7-B yoars in getting
himgself educated and acquaintoed with ;hﬂ progress madd by his countarpart
in tho othar countyries. Acnording to Leowis (1887} 'A continous iuprovew
ment in the managerial ability of farmers iz necegsary for the economic

advancenent of any country. In the long run, 3lmproved managore

ial ability of farmers will depend veory heavily on more and
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batter schooling for rural children. it will also depend upon
moro research, toaching ard extengion on the gubjeot of farm
managonent econemias. Ons should bear in mimd that shere is a
groving body of knowledgé of the economie principled;governing
the organisation and operat;ons of farms. One has, éherafara, to
do original and imagimative thinking on the apjlisatibn of
principles of farm managemant to tho farms of his rbgibn‘.

Fron this wo realise the nsed for providing adequate
faoilitics for gschooling for the farmers. 7This will go a long

way in helping the farmer understand the basic principles and will
make the task of agricultural sconomist much simpler.
1.8 '

avalopmens of Yarm Bgnagemont SEudian in Othoy Lopntrien

1.3.1 UsBeAa Althongﬁ gone o8t gtatoments were availadls in
thoe U.8.40 as carly as 1890, sesmingly due, primarily to the

tendeney of showing profité*;nd not of emphasising the need of
abandoning thoe old, outeofedate techniques, regular farm managoment
studies and colleotion or“&até gtarted in ieoa vhen Heys introdncad
tho method kmown as the Routs method, which later developed into

tho present Cost Accounting method; by whiech farmers were inmduced

to keep day to day ggcordé of trangaotions on the farm with the

bhelp of a ppeolal agent. 45 thip involvéd heavy costd on the part
of the collovting agency as well -as the farmer, othsr methods vere
triod. The notable among thesoe was the Survey method introduced by -
G.Fe Warren of Cornoll Univarsity. This consists of use of an
extensive questiomnaire and g persétnal onquiry from the farmer by an
investigator. As no boakekeeping is roquired, the reliadility of this
mothod depernds mainly upon vhatever information ﬁhe farmer can giveé
from his memory. h '

168,32  HeKs  In the UsKe; rogular farm management studies and
collaction of data on the Cost Acoounting method started xrather late



in 1913 under tha direction of Cu8. Orwin at Wye. Thiz method
mainly has been in uge in England since then. To obtain informa-
tion on land and variation of farm incemes and oosts of production,
a continuous farm management survey based on farmers' accounts wag
initiated in England and Waleg in 1086. The survey was connected
with Gommercial undertakings where the farmer is vholly or mainly
occupled with the work and &hhagement of hie farm. The approach

.. wadopted by the Oxford Agrienl¥ural Economics Ressarch Institute in
England has, in ganﬁrai, ths same pattern as that of the American
Invegtigation into prﬁﬂuetioa copts. A notadle point 1is that upﬂa?
‘this methed, the natﬁie of farm products conpuned by the housshold
is reckconed on the gide of receipts as 1f they had boen actually sold.
5.2.3 The publication of results of
farm accounting by the aecraég;iata of Eviss Possantsy Switzerland,

as early as 1001 proved uaetui in sclving the technical problems.
Lafie  (Switgerland) introduced an elaborats mathod of anhalytical
aceounzancy.'~éccau6€;§éy offices on the Swiss model were establishod
in othor Buropean ceuntrics like Sweden, Nomway, Vinland and Jermany.
The development of methodology both in collection as well as analysis
of data was influenced more by the sconomio principles (The term
Analytical Accountancy has been used in sarly stages instead of Cogt
Acocounting). Thus, {nitially, only a method of acecounting progedure
¥as adoﬁted ag differént frem a regular system of Cost Accounting

as known to-day. Mary obangés have geoured in the praoédnra of

farm costing in the U 8.4« "In recent years, investigations have
beon mainly confined to thafbbllection, analysis and presentation

of quantitative oost 4ata 4500 ¥hich we can 4rav nore depsndable
conclusions thanthe méfiey cqsé data because of fewer changeabls
factors affecting the qQuantitative expéenditurs. The quantitative

data 48 eoaverted into values by the applicaticn of current prices

-



or ratose.

From the foregoing- ascount it 4s olear tbat in the carlier
yoars, iﬁyeghigations have mostly been cost studies only. The
need rov'fqrm managenent investigations for bringing cut the
defectgﬁaﬁﬁ Jimitations in the existing practicss and helping the
farmer raise his farm income by suggesting optimal allocation
of farm regsouress was .felt only recently.

~ Investigations-havo also been carried out by farmers, on
private level, collestively. The College of Agriculture, Illinois,
initiated in 1924, a new typs of investigations on farm management
called the farm bursau~farm amanagsment services, dimilar in nature
to the eco-operative farg of efficlenoy servics which could also bo
uged %o provide data QQOQESBrg_fﬂr sciantiéio regoarche A similar
approach was adopted in Hampshire (England).
1.2.¢4 dJapan  From-the above, 4% can be seen that in the
advanced Western countriss like the U.8.4., and U.K., farm-manage-
ment studies on solentific lineg sgtarted in tha beglnning of the
present century. In the East, the only country in which regular
farm management studies,:based on modern ideas, were made is Japan
vhere, sdme ten ysars back, these studfes were initiated with the
holp of Cost Aceounting method. Although no methodology has yeot been
ostablished there, the newly designed extension service systom was
inaugurated in 194a.and_nnw there are many pided programmos being
formulated and put into praotice. In Japan, the vay of thinking of
extongion of farm management techniques seems to be influenced by
the objeetive of extending snéﬁ toechniquoes among farmers for naxi-
mieing profits by proper, cambination of crops and livestock enterprises
and well-arrangsd distribution of family and bullock labour and,

therefore, more smphasls has bgen lald on bookekeeping on ths part
of the farmer,

r
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«0 popularise this, thrse steps bave beon taken -

1. Bimplified forms of book-keoping have been adopted to enable
the farmer to understand and practise it with oasga.

lie Jroater attention is pald towards incroasing the educational
qualifications of the local governzent ataff member in charge
of oxtonsion servicos.

I I, .xtension of faram book-keoping practices has been dono through
farm advieers in the farm of group education e.g. book=kRoeping
has boon added to the projoots 0f farm study groupse
The approach of propagating improved practicoes and technigues

through modal farmery has also boen adopted.

Although Cost Accounting method hag been widely used, farm
aanagemant analysls based on Survey wmethod of investipgations has
holpod Japan inerease the productivity of resources used in agrie
cultural production. It has 18 partiocular, helped bring about
intonsification of land use and land improvement and paved the way
for tho adoption of improved varistices of seeds and epplication of
chenical fertilisors. It ssems that the output conditions in
Japan have reachsd a statio point and little or no inerease in the
aamo is possible through the adoption of botter farming practicos.
Roplaccmont of bullooks by power toolé is not being widely enecouraged as
it would mean requireasants of less human labour vhich in turn Qould
create unemploymont. In fact the approach to the mechanisation is
based on the assumption (already proved) that mechanisation would
inc.oano the demand for labour on the farm on g per aerc bagis though
it weuld roduce tha need for labour on a par-unit=of-crop basis.

Fara managenent studies are, therefore, looked upon as a possible

sourcce for indicating some other means for increasing the Qutput.a.g.

through the cofficient manageprial ability‘bf farmerse. Farm canageuent _

studies aro, tharofora, given considerable ilamportance.

!
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1.2.8 indis In Indig, no &;ganiaed afforts geen to have been mads
in this direction until 1823, Whasever records oxisgted vore rrum_land
records of some of the statses containing elaborate daté on cost of culti-
vation based on rough mothod of estimation. Although a large number of
rural surveys have beem carried out-in the past, the scope of such surveys
was nostly confined to the sgtudy of economic problems of rural life and
not of farm managoment. The ball was set rolling when in 1920, Indian
Central Bugarcane Committee storessad the need for an enquiry in deciding
in what areas the sugar industry had the best chancos of development and
obtaining accurate data on coste of various rav materials. Ag a result,
an enquiry into the cost ofiproduatioﬁ, Bpread over threa orop years, was
undertaken in 1933 in the principal sugarcane and cotton tracts in Indig.
A gensral survey of aconcumip posit;pn cof the cultivator and general stand-
dards of farm managemsnt sBtill remgined Qut of the scope of this enquiry
in vhich cost accounting mathod was omployed

In 1528, an investigation into farm costs was conducted for the
first tims under P.C. Patil (Poona)d In this, opportunity costs were
calculated and allocated in -congonaneo with the acoounting prinoiples
avoiding arbitra§ assusmptions. These studles were made to evolve farm
cost accounting and income measures suitéhle for farming in India.

In the Punjab, the Boadd of Eoonomic Enquiry have been conducting
systematic surveys since 1983-24 golleocting data for specific purposas.
Othar surveys which throw soge light on farm managemant have been carried
out by Gokhale lnstitute of Polities and Economie, Poona and the Vighwa-
bharti University, Santiniketan ag well as by individual research workers.

Horo recent and significant -from the Methodological point of view
is the pilot enquiry into the cost of production of cotton, jowar and
groundnut in Akola district in M.P. carried out jolintly by the lndian
Council of Agricultural Research, Indian Central Cotton Comnittee and
the Indian Central Oilseeds committee in 1983-84 for providing data for
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terhnleal guidance in the offlcient planning of large zcsle sample
surveys (Fanse, 1954). From this pilet enquiry, it was econeludsd that
nperational holding as against the field should be preferrcd in future

8Urvayse

1.3 ".‘,"_ﬂki,“, ..k

From ths foregoing account, i% may be sesn that the principal
objaotive of most of the investigntions has been to caloulate the cost
of production of orops per unit of area as well as per unit of output
and to vork out cortain income measurss. It is only since 1945 that
_Ouphasis has b 6n lald more and more on tho cost analysis of farms and
holdings. The noed for maximisation of agricultural sutput alonguith
tho economle dsveliy,.ont of Fhﬁ eountry has been realii.el by the Planning
Authority and farm management studies will go a long way in helping
find a solution to this groblam. Horeovser, the econonice development of
tho country as envisaged by tho First Five Year Plan laid considerable
stress on the laportance of housahﬁ&d_aeaﬁamy. Furthor to raize ths
standard of living of the growers, it is necessary to take inte consi-
deration the exlsting practices and teehniques as are followod and the
aconomic str;ctura of farning as bas develep:d thr ugh ths past centuries
This requires reliabdble f{uire management data based on exteunsive and
intensive studies. An analysis of such a date will diseloge the axisgte
ing handicaps and limiting factors whieh have stood 1n the way of axp=
loitation of available regources to their full potential. It will thus
provide a basls for suggesting measurss for pationalising the existing
practices to attain maximum efficiency in agrieultural production. The
farm management data will also help in formulation of sound agricultural
policics about land managemont and land roeforms including ceilinz on
agricultural holdings, if they are brosd-based to cover the diverce
agricultural practices provail:ng in the difforent raglons of the coun-
try with thelr different seil-climate~orop conploxes. Basldes, the
data on cogts of prodiction of c¢rops as furnished by thess st dies




will prove halpful in connection with the fixation of prices of agri-

- oultural conmodities. Durinz and after the war when prices of amost

of the comsodities were contyolled, a considerable difficulty was folt
in arriving at a failr and squitable priee for agricultural producen,
due to absenca of any aecurste data reogarding cost of tha growers proe
ducing tho particular crop. asven when the prices of most of ths sajor
azgricultural coumsodities show a dowaward trend and a need is felt to
stabalise theam, ﬁha same handicaps stands in the waye. The gtudy of
cost of production data will enable ths cultivator to cozspars the in
put-output relationships of esch onv of his erops and thus help him in
selecting the proper factoregom.ingticn. The grower is also able to
compare his farm activities with those of his neighbours as algo with
the overall aveorage as provided by ths large scale studtfeos. The oulti-
vator is thus in a pecsition to daoide what changes he should bring
about éo reallse better profits,

In view of the ilmportancs of reliable farm managemeﬁt data based
on oextensive studios for tho Peo~organisation and development of agri-
cultura, the Planning Commission, Government of India, and tho Direct=
orate of Econoaios and Statistles in the Mindstey of Food and Agri-
culture sponsored tho first series of 'Studles in Beconoaics of Farn
Managemont! in 1954«88 to be undorptaken in six typical regions on
modorn scientific lines. This enquiry was sproad over threc crop years,

The primary oéjactive of this onguiry was to study the relstive ‘
merits of the Cost Accounting and the Supvsy mothods of investigations
on the one hand and on the other to obtain tho eiperimontal data
anecegsary for evolving a sclentific methodology in aspectsz like nature
of sanpling and nature of analysis to be adopted in future studies.

The other objective was to provido inforuation on the input-output

relationships in the farms wvhich would bo useful for the st.dlos

Id
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studies of the relative efficienty of various factor-cozbinations in
tha, different regions under study. The scheme, 1n brief, is to
co~1lect and study data froa seleoted villagesi the selection being.
planned in such 2 way as to give a broadly representative pleture _
of the production econumies of the cultivators in the regions sslented.
The scheme has been plananed 4o cbtain reopresentative and reliable
data from six typical regions in Boabay, HMadhya Fradesh, Hadras,
Punjab, U.P« and Haest Bengal states. Tuo contiguous districts froa
aach of these six gtates have been selected for study in such a wvay
that they represent thes west lmportant typical goll-ernywcomplexes in
the state and thess regions, taken togethaer, represent all the walor
croﬁéing pastterns in the country. The design of the gehese 18 the
multistage stratified random aothod of sasapling with village as the
yriaary unit and the holding 4s the ultisate unit. It 15 to bo noted
hera that holdingzs are vparational holdiugs and not ownarahip holdings,
neaning thansby the arsa nuitivateé by a single Qparator jgyeapeetive
of whather 1t 1s owned by him -or taken on leass. dach disté}pt was
divided inte two homogeneous zonas or strata and from each zone
villages weore Sclected wilh probability proportional to the cultivating
population of the village. Both the methods of mvest.igaéion vid.
Cost Accounting and Survey were employed in all the states exeept‘\_
Hadhya Pradesh where only the Cost Accounting method was adopted.

in each gone, the sanple ‘consists of five villages for each method
of which two villages arc ¢oaznon to boths Thus, in effect, eight
villages have bean gelected for investigatlon from each zone. There
are, thserefore, 32 villages secleoted from each state. The next stage
of saupling is ¥hat of solection of holdings within each goleoted
village. Under the schews, 10 heldings have been gelected for the
Cost Accounting method and 20 for the Burvey method. For the purpose
of solection of holdings, all the holdings in 4 village have besn

?
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ordered accordiag to thu siga nf’hntdiug in the yaear prsvicus %o the
anquirye. The total number of holdings are then divided into five
groups each group haviag eqgsal-nusber of holdings¢ 2wo holdings have
been solacted at random from oach group for the Cost Acoouniing method
and four for the Survey. In nomaon villagas, precautions were taken |
to exclude thogs holdings whieh have onoe been selected for the Cost
Accounting method from being.inecluded again under the Survey method.
The total samplo thus gonsists, of 600 holdings in each state, 200 in
the Cogt Accounting sample and 408 in the Survey..

The selection of villagws was doneé by the Directoprate of Econoe
nics and Eta&iétiea in-the Minjstry of IFood gnd Agriculturc and that

of holdings by the réspestive officers-in-charge of the schezse in
evach reglion. -

o

in U.Pe, howevor, aa 2@@ population figures for the villages
ware not availadbls, tho wslestion of villages was made with probability

proportional to the total arsa’ of the villago.
$e5

Ag mgntioned eariiery -for investigation into the fara manageaent
- regseareh, two principal methods of collooting data vie,
(1) Cost Aacounting

and (41) Burvey
are gensrally raocognised as_tho nost suitadble ones. The former 1s
characteristic of an intengive stvdy of farm management practicss and
involves the maintainancc ofdaily rocords of all operations and
business transactionz conducted on the farn in details, The pysten

affords highly reliadble data fyom the yesearch point of viow if the
records arae Xept propérly and-pecuratsly. The Burvey method which ie
also called the extonsive methody does not demand such minute dotaila.
It involves a number of visits over a larger area and recording of
information as reporfed by tha farmers. Tho. ehief drawbacks An the

-
s
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Cogt Agcounting method “are tngt it is time-sonsuming and far more
costly than the othar mekhod. $he Survey method on the other hand is
comparatively cheap andaxieldé:huick rogults but its drawbacks are
that the egtimates are iikelg to bo less reliable and 1t may nobt pro-
vide all the detailed data reguired for studging certain types of
farm management problems. 7Thus both the methods have their own advdne
tages and limitaticnas To get an idea of the difference of cogt in
the two mathoda, the expenses on the fioldestaff in the year 1064-38
for the Cost Accounting and Eurvey mothods were of the order of BK.37Q00
and k. 11000 respectively; the difference being . 26000« In the
prosant enguiry both the methads have been aemployed to guage the
reliability and afficisncy of Survey methed by a comparis-on of the dat#
collected by this methoq,wiih;ﬁhat collected by the Cost Accounting
method from the same poag%gxicn;

The present stn&%fgésedébn the data collected under the schene
'Studies in Boonomics of Farm-Hanagement' concernss
(1) The input-output ralamtionghips, with a viéw to determine
the funétian.whieh could.officlently express this relationship and
aeoculd be used-as a prediction” function, -
(i1) ZThe coxparison of the two methods of aollecting the primary
data viz. the Cost Acecunting .and the Burvey with a view to guage
the sultadility of the lattery )
(111) Determingtién of the gize of the sample via. ths number
of villagas and holdings to bé-sampled in such invastigations for

given precision,

(iv) The study of the efficicnoy of stratification within the
villages as adopted in the scheume,

-




3 RENISM OF LITERATURE
2.1 A groat amount of regsarch work has bsen done in other gountrios,
the maximum contribution boing from the U.l.Ae. A good many books and
papers in bullotins and journal have boen writtén on different aspocts
and problems of farm managem:nt. ¥e are here ohiefly concerned with
tho analysis of farm managoment data. In what follows is given a reviow
of the available literature dealing with this.
2,2 Defining faru wanagement, Heady (1962) writes:

The goals of agricultural production econcmics aro two fold:

(1) to provide guidancs to individual farmors in using their
r.gources most afficiently, and

(41) to facilitate the most afficient uge of resources from the
standpoint of consumer's econecmy.
lov econoaics daals with the cholce between the alternatives. FProblems
of choice arise only whon resources are limited and altornative usos
can bo made of them. The field of economics doals with means and ends.
dnds or objectives @& dsal with profits, congsumer's satisfaction or
vhysical production during wartime. Moans arc concornsd with the phy-
sical regources, funds, organisation ete. whieh can be used to attain
tho various possible objectives. As a selénce of cholce dotween allor-
natives, cconomics ig also concerned with the echoiee of goods and ser-
vicep which define the cenditions of maxi.aum utility and satisfaection
of congumars i.e. 4t is eoncerned with tho conditions which arc nscesgs-
ary 1f a given asount of product or profit is to be produced with a ami-
nioun of costs or ragourees.

Thore are tvwo major problems in economieg:

(1) Ona problenm concerns the organisation of production, The
problam of choiecs in production is tormed resource allooation, 1.c.
how ragources should be alloeatzd botwoen different products or pro-

duotion mothods at a cortain point of time or in difforent periods of
Yine.
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(1i) Becond overall problem is that of organisation of consumption
vhich may bo termed as income allocation viz. the allocation 6f inoome
or product betweon different alternatives at a eertain point of time or
over a period of time. -

The laws of produstion agﬁiain ths conditions under vhich guantie-
ties can be maximised (pyefit, physical output, national income ate.) or
aininigsed (cost, physical inpus etes).

Thus the objectives of tha agricultural production economist aret

(1) to dotormine and outlino the condi%ions which give the optimum use
of capital, land, labour and management. in tho production of crops and
1ivestock,

(11)_ ' to determing the extent to which the exisbting use of resouross
deviates from the optimun, - !

(111) to analyse the factors vhioch condition production patterns and

resource use and . -

(1iv) to explaln moansd;hﬁ mgthods in getting from the aexisting to
optimun use of rasources. _

The phase of agrioultural produotiocn sconomics dealing with intra~-faro
allocation or use of rescurces has bsen termed''farm management'.

Desoribing the laws of rsturn and nature of inmput-ontput relation-
ship, Heady writaes!

The relationship betwesn-input of a single varséble factor (with
the quantities of other resourcses held constant) and output of a single
product 1p one of the three goneral forms. Thase are
(1) oconstant produotivity,. _
(2) AQecrsasing produectivity and .-

(3) 4dnoreasing productivity.

Constant or inereasing prodictivity is selden found when only ope factor
is varied end all othar; keopt constant. .

(1) Congtant returnst This holds true if all units of tho variable
input factor which are appliied to the fixed factor result in egual
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additiens tv the: total euigut ef-éﬁe product i.e. the iaput-putput

LY

relationship is linear. - yu7w'.

Lol TR
7 =%
-

1

o ‘ 7 71“{: ut
(2) Diminishing returns:-’ This holds when each gdditional unit of in-

put adds less to the total output tham the previocus unit. The relation-
ship 4s not linear as the total product is inéreesing at a decreasing '

rats. outpet 4

0 - x 7 Imput
(3) Inorsasing returnt! This holds when each guccessive unit of inmput

adds more to the total predquot than the previous unit l.e. the total

product increases at an ingreabing rate.
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Production functions are possiblp vhich combine any tvo of the propertiea
outlined above Qoo 1ncreaaing~d&ﬁmeaaing functions xllustratéd by
y=a*bxtox® % axd tutput o )
where a,b,0 and & are pepitiye '

ocongtants,

- 4 In*u.{

To explain the adove principles matbematieally, we nsed dsflu@ the terms
average and marginal products or costss Average product or cost is the

-t

ratic of total product or cost divided by the total variable input used.

Ay atr S
ie0. -maréiﬁﬁigp;ognct or ecost = y/x
Marginal product or cost 1g the’ Fatic of the inorease (saya y) in the

total output or cost corqgspondfﬁ? to an inerease(sayax) in the variable
factor input. -
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1.8, marginal product or cost = Ay/on
Thus, as long a8 ay/ax 45 jocreasing, the total product must increage
at an inoreasing rate,; vith ay/ x decrsasing byt positive, the tctal
product must increase at a decreasing rate and at o y/ax congtant,
total product mﬁst inoreasa gt g constant rate.

¥e are novw in a position to desoribe the widely aceepted prineipl
known as the lav of diminishing returnsd
If the quantity of one predu;tive gorvice i3 lnoreased by equal incrge
mente vith the quantitios of othser rasource gervices held constant,
t'na inerements to the total product nay increase at first, but will
decrease at a certain points %he point referred to 15 the maximum
poiut on the marginal product curve vhich is also the point of infloct»
ion on tho total product eurve. Bimilarly as long as the marginal
product 1s greater than the/a/@raga product, the average produact

incroasag) if the margiml profu?t s lass tp;nan the_raverage product,
ou f“ 4;\'“3“&7
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2.8 ﬁradfcrd and Johnson (1955) while deﬁning managamaat and its
funoctiong, write $ ]

Management is an intangidls part of production which develops
within the live2 of men. Managoment functions when a faroer is

(1) observing and cbneeiving ldéas,

(11) analysing with further -dhgervations,
(111) making decision on the basis of analymis,
(1v) taking actions and

{v) sccepting responsidilities.

Managerial ability is partly inhsrited and partly acquiréd but efficlent
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managensat can ba and must be acquired for afficient running of faram.
On the question as to how we measure managerial capaclity, -a nuxber of
tests have been devised by industrial psychologistse

Dafining farm business add allied onterprises, ths authors

writaed

The physical parts of fars businaess ave
(1) Land,

(2) improvenent inoludimg such itoms as buildings, fenoces, and
water syastsms,
(2 Labourers,
(4) Maghines and other $ypes of equipment,
(5) Feodsy fortilisers and sead atc,,
(8) Usually productive livestock,
(7} Honey for cparating and
(a) The farm family with its wants, preferences, and desipes.
The other aspects or parts of farm buginosss are
(a) Creops produced,
(b) Recelpts which may bes dofinsd to include
{4) the eash value of items sold,
(4i) <the valus of farm products produced by farm business and
uged by the farm families,

(144} ths value to the operstor of the use of tho houss, perw
sonal gonguaption of a part of the farm real estate investe
wants.

The last aspect eonaerns tho expenses. Thoso are of four typast

The first type involvas items which are used within the year
®.g. coste of fead, fartilisers purohaged, lavour, fuel, repairg, taxes,
insurance ato.

The socond type inveolves depreciation of proparties i.e. ropairs
and maintainance of buildings and machines not effected by cash ax-

penses. ’
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- The third type iavolves decreases in inventaries of operating
capital, foud and supplies othor than feed. Theso may be called
other inventory decreasdés.

Tho fourth type idvolves use of labour serviees performoed by
family meabers who are not paid fer in product or in cash.
Thus we have four kinds of siponsosl ‘
(1) Cash items 4.0. the cuprent expanéasg
(11) Deprsoiation of physical proporties,
{(111) Other inventory decrcasesy and
(iv) Money valuo of faaily labour. .
2e4 Redman (1934) has aiaaugaad the probloms and possible sclutions
in determining inpat-output relationships in agricultural onterprises.
e writasgs
The importanes of inmput-output relatlienpghips cannot be denied

by any economist. In establishing thisy some difficulties have to be
faced viz.
(1) those involving huzan agspecta,
(44) those arising cut ©f the naturse of cxisting daéa,
(1i1) thoso encountered in socuring additional dota, and
(iv)} those ehccuntored in using tho oxisting data and additional

data.
(1) Large orrors inpatimating input-outpul coefficients may result
frra personal blas of tho regearch worker In selecting and using
infermations Peraonal tlas may also rosult in ths method uged.
Similarly fear of offenling established dogmas and respected senti-
sents 15 a strong hindrance to rosearch in agricultural 2conoaics.
in early agricultural research, it often way expodiont to usé an
intutive idsea or to make simpllifying assumptions. «ubt when sueh
assunptions ag liae#r relationship in livestoox feeding ete. axist
for long poriocd, it dbacomes g problsa to getting researéh workers

challenge the accopted onss, design new experinents
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ox.orizenta to obtain new evidence and incorporate the fimdings into
a logical framowork to wvhich futube work éan be added.

(11) The oconamist is interested in such problems és whieh coabie
nation of imputs is achisvable ahd which is noty how much product can
be obtained from a given combination of factors or how much of one ine-
put woeuld be roquirod to produse a sporific amount of producty, given
tho combination of othor imputs, s0 that ho san determine the nost
officient comdbination or choico. Hany problems are invelved iv using
tho current data for inpud-output work o.g. many biologleal expori-
aents considor no alternabives from whiech a farmoer can choogt because
thoy have boen designed €0 codpare a singlc peint on a given producw
tion with & singls point on another funetion e.g. water vs nitrogen,
boron vs potash ete. Thasgo sxperinents are of value for gertain
purpose but thay are distinetly llaited for use in establishing
igpute~cutput relationship. FProblews result also vhen response

data to variable inputs ars obtained by assuming the level of fized
inputs constant when actually they are not: Ihe rogsources ovtained
from an input depends in a ldrge part on the level at whieh othor
inputs are fixed as woll asg the mumber of units of the variable input
alrocady used c.g. in supplomental irrigation, tho response to nitro-
gon as compared to no irrigation depends upon moisture levol alroady
in the so0il. Similarly the scil fortility can bs eongidered.

(114) Thus much of the physical data available from past ozporie
sontation arse not sulted for dbtermﬁig adaquate or logleal injuteout
put ralationghips and when usged, sxtreme carsc must be exereised.

Thus arises the neod for gdditionsl data which should be collected
aftor designing aocording to requirements and condicting future oxe-
rerinonts properly. 7The sanmple survey as a maansof secur.ng the

data has bgen used from the very hegiéﬁng. It is essential in using
sortain metheds to develop a model or hypothesis of pregumed relae

tionshi, to be examined and aveld gathering the data om mixed |

I
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prodacstioa funotions. bOLimilarly for ths method of Cost Acoounting.
(iv) Howover good raw data cne has got unless utilised agcurately
and fully, muech vaslue will be lost. The gynthetic mothod of handle
ing the data lends itsslf to the eonstruction of qest functions
which, %0 bo moaningful amnd useful , must be idontified with a .
specific produation process, planaing span and level of pricosg.
The surveys and techniquos shodld also be iaproved in the light
of the iaprovemonts made in the recent yoears.
245 Zvi Oriliches has discussed tho spooification dlas in
ostinates of produation functions. Ho writest

1t 48 common in empirical work to compromise and use second
best mothods or variablegs Pue to limitations, we exolude variables
accopt approxinations and d¢emmit various other simm of omission
and commission called tho fspocification orrors's XKnowing their
affects upon our rasuiba. wa may be better able to interpret thom.
In vhat follows a method for ascertaining zhaican@equancas of soue
of thoso compromisos will bs dasoribod.

in the Cobb-Douglas production function

¥ 2 fqlopsiranlog X2 Yeesesot aylog xy , ‘
'ai is the elastleity of produotion of the i-th variable. Lot o
o= fay

Thon @ 18 called the ei;stieity of production { of the whole
fuaction) or the funotion ccefficlent, 1t will bo ghoun that we

anderesgtimate retirns to seale if we exolude an input that varies
noro than proportionally with the included inputs and vies vorsa.

The Onission of

If wo omit a velevant variable vhich is uncorrolated with
the other independent variablos in our analysis, thoe omission will
not bias the sstinataes of tho parameters of the ineluded variables.
-d6 oven in this cags wo sbhall have o blased estinate of e,
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Under the usual assumption about the coaffiojents of production
functions &y {ay O), our estimate of e will be biased downwards and
the bias will be equal to minus the coefficlent of the excluded variablae,.
For let xx ba the exoluded variablej i1f the b's aro the estiméted
cosfficionts snd 1f @ ia the estimate of e, then

@@= by and blas = B (8 = a)

= 5[ by - Loy
q -8k e

However the assumption of no garrelmtlan betwaen the excluded variable
and all the included variablep. is hardly tonable for factors of produc-
tion « A more plausible assumption is that there is a positive correl-
ation betwoen the axcluded varlable and some of the included variables.
Thig will bias the estimates of at lsast one of the coeffieicnts upwards
but it 18 not clear if it will be suff{icient to componsate for the doune
vard bias in the estimate of e due to the emission of the coefficiont
of the excluded variable. The ezpectation of tho estimates of the inelu-
ded coocffiolents 48 given by

B(bg) = ag * pikay
vhere in ﬁhs cago of Cobb=-Douglas funotion, the p's come from the fellovwe
ing regressiont

log Xy = PiklOg X1 ¥ evecees * py_ql08 Xxay * V
i.c. tho p's are the coefficionts in the rogrossion of the logarithm of
ths excluded variable on the logarithm of all the ineluded variablos,
The sign of pygy will dotermime 4f a particular by will underestimate ar
overestimate ths corresponding true parameter ay (assuning ag7 0)e The
sign of py) will depend on ths actual- distribution of all the x's in &
particular sample. Although a negative assooiation of xx with some of
the x's is possible, for factors of production a positive association

is more plausible. Hence Af we exglude some faotor of production from

/
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our regression, we shall on the dverago overestimate at least gome of
the coefficlents of the included variables. However we are interested
in vhat nappens to our estimate of peturns—to gcale

o o 2171 ’ ‘

(A ¥

the sum. of the ostimated coefficionts, as compared with the true

raturns to geale v

o= fay,
the sum of th:a acoeffietbnts in tho $pue production. HNow the bias in
our estimate of returns to scals-will be equal to
B(8 = &) = E[fr_b Tuy)
ﬂZ(a,. * Pikﬂk) - Za1
= Zax M akzmg -Zai
a h‘;k( Pix = 1)
That is, whothor wo underestimato nm oveorestimate returns to scale vill
depend on tho sum of the coefficients in the 'auxiliary' regression.
Ws ghall underostimate e 4f this eum is less than unity, thers will be
no blas if it equals unity and we shall overestimate e if this sum 1a
larger than unity. )
1.0 3£ . pgye S 1y then bilas £ 0.
A very simple interpretation of this sum of coaffielents 1s popsible in

the 'auxiliary' regression. ZThage are cosfficlients in the following
Cobb-Douglas functiont

X = VB xa%...xﬁfﬂ LI
Ths sum of p's 18 equivalent to the elasticity of production in this
particular 'ouxiliary' regressions The bias in our eatimate of @ will
depsnd on how x, changes in the sample whem all tho other x's arve
varisd to gcala. Ye ghall undersstimate @ if proportional changes in
the éncludod variables vare acsociated with legs than proportinal changes
in tho excludod Va;'iable in cur gample. We ghall overestimate e 1f the

excluded variablo varies more than proporticanally with the ineluded

/
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variables. There will be no bias AL the exoluded varlagble varies on
the average in the same proportion vith pruportingl variation in all
the included wriables. 8Bimilarly $f ws Téave out m relevant variables

vhile including 1, the expectation of our estimated coefficients will
be given by

R T

B by ) =61 * T pruty
The bias in ocur estimats of e 1is given by

2o - o) ® %‘;‘ak (éPik - 1),
The sign of the bias in cur estimate of @ vwill how depend not only on
vhether the excluded variables changd more or less proportionally with
the inoluded varianbles but also on tha relative magnitudes of the coeff-
ioients attached to the variables ;hat change less proportionally with

the ineluded variabdlas.



3 HATERIAL FOR_§I0DY

%ol The data aotually used related to tho 'Studies in Sconomies

of Farm tlanagemont' and wore obtained from the Dirsctorate of Bceoncnios
and Statistics, Ministry of Food and Agriculture, Thege data belong

to the districts of Mesrut and Huzaffarnagar in Y.P, and refer to theo
first year of the enquiry viz. 1954~53.

Other data used far tho purpose of f£itting a ccmpapable inpute
output relationship was tbhtalinsi from the Indian Central Sugarcans
Comzittae for Sugarcane crrop only and refer to year 1953«H6.

3.8 Thess data have boen anslysed, not primarily to conment on the
agro-aconcnic results of the investigations, But g5 illustrative agto-
rial for astudying soms agpecte of the statistieal methedology involved
in these investigations. The partiocular data wore taken up for analysis
28 beling most rasdily avatlable in sufficient details.

The availablo date contsined information in four crops vise
wheat, Sugareanc (planted), Bugarcane (ratoen) and Grame. Out of these,

three orops Wheat, Bugarcans (planted) and Gram vere chosen for analysis
and other studies. '




4,1 This saction concerns the fitting of apprcpwihte production
furnction to the data. Various production funoctions have boeen
tricd and fitted to the data on different items. The funotions
which aro usually fitted on the farmemanagement data, are the
following ¢ ‘
(1) Epiliman'ps production funciion.

This function is of the Lype

-
7 o~ ar

whore y is the oculput,
X is the variable resource input,
0 is the maximum attaffiabls output,
g is thoe maximum addition duo o the variable input,
and r 18 the ratio of the increment in the ontput for a small
inoreaent in the variabls imput to the succesding incresam
in the output for the samé increxent in the output,
The elagticity of productiony EBp ; L8 dofinsd ab the ratio
of tho pereentage inorsase in the output to the percentage
inercase in the 1npuég It variee 4in the above function, boing

given by ‘
A¥ A X

= =

v 4
In the case where the law of diminishing returns holds and r<1}

with the inerease in %, y inoreases at a decreasing rate, so that
vhon x is vory large, ¥ approaches its maximum value m.

in the above function y ngver deersssas 50 that ws do not have
negative returng for addition in variable imput (Heady, 1683).
Thus this funotion may not bs appropriate to the'd&%a”b; to that

range of observations in vhich nezative roturns may bo oocuring.
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Note! x and y will denote input and output rospeetively throughout
this section, B
(11) CobbeDouglas produttion function.

This 18 the most commonly used production fu-netion and is of

the form -
b
y = ax

where a is the output for unit imput
and b is the constant elastieity of production
In the cage of morc than one (gay n) variable input, the function may

be writton as

n by
y = all x4

L=l
'

vhore by is the constant elasticity of production of the i-th
variable input ] N '

and a is the output when -one unit of each of the variable
input is used.

We have eonatént roturng i1f the elastioity of production or the

sun of the elasticitics in the case of more than ons variable inmput

is unity. A 1% increase in thoe variadbls imput {or fmputs) gives

rigse to a 1% increase in the output. When EP7 1, we bhave inecreasing

roturns for each additional unit of imput (or inputs) and vhon

By< 1y we have diminishing returns for oach successive unit of

input (or inputs). The same holds tfue for each individual input

in caso ve use more than onz variable input. (Heady, 15523

Bradford and Johngon, 1833).

The same drawback as that encountered in the Spillman's
production function is present in the Cobb-Douglas production
function viz. it does not allow a negative marginal produet{under
the assumption that the elasticity of production is > Q). Anothsr
limitation of the Cobb=Dbéuglas production function is that it doces

’
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not place any upper limit on the total output in the manner of
the Spillman's production fumoction. Thus 1t should not be used
beyond the range.af cbgorvations 1nnlu&éﬂ,1n the original datae.
(111) 1In view of the inadmissibility of nsgative marginal returns,
both the functions degeribod in the previous paragraphe are less
acceptable than the simple polynomial of the forn ¢
y * a+hx ;xa
which 1s the common gquadratiec function, a, b and ¢ belng congtants.
Bince this function allows nogative marginal produet, it vould
ba useful to try it on data in which the initial additions in
the input give increasing marginal returns but further additions
give constant and later negative returnse.
(1v) Another form of produstion funetion, known as the quadratio
squarercot function, is of the form $

y = a* bﬁilﬂ;nx
where a, b and ¢ are songtantp.
This function also admitg nsgative marginal returns and behaves

—

similar to the quadratic type. The only difference between this
function and the quadratic type is that the variations may be
considerably reduced in the formar.

0of all the four funoctions so far deseribed there is one
advantage in the Cobb-Douglas production funstion vig. that
we may analyse the data for upto B or 6 variable imputs with
reasonable accuracy and still aveid heavy and gomplicated
computations ag it beecomes lincar on the logarithmic scale. WVa
eannot consider'more than threa ¥ariable inputs in the guadratiec
or the quadratic sguars-root type and in theo case of Bpllliman's
production function it would(difficult to go in for more than

one variable input.

{v) The f£ifth and the easiest of all $o fit ig the well known
linoar function visz,



y 2 a*+thx
but it doas not rofloot any inocreasing or decreasing returns but

just giveg constant marginal returng. It will not show any change
in tho trend of output,

-~

4.2

’ ) !
For tho ana)ygis of the data wo have %o choose from among

the various production functions cutlined above. Uow tho most

common and wvidely used production funation for such purposes 15 that
of the Cobb-Douglas type. Also by drawing seatter diagrams detwaesn
the output / acre and tho vorious items of input / acre (onumerated
later) on tho original scale as well as on the logarithmie scale and
coaparing the corresponding ones, it was found that the variability
reduced to gome extant in tho ixttar case. In some cases
quadratic functions were also fittede To recall ths chief
properties of tho Cobb-Douglas production function, we have
inoreasing marginal returns to all the ifnpute used jolntly
if the gun of the oldstioities of production is greater than
unity, decreasing m;;ainnlxraturns if this sum 15 logs than

unity and ocongtant marginal ret&@s if it 15 aqual to unity.
Furthor that thia runsiion does not adwit of negative mavginal
returns (under tho é;aumptian thas cach of the olastioltis of
production 48 greater than 2er0) and that 1t does not put any
upper limit to tho total output. Thus we should not uss this
function beyond the range of observations fncluded in the original
data.

Soatter diagrams ou tho original gonle and on the logarithmic
seale were drawn for the following casges!
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¥heat (irrigated)’ Total Gﬂtputﬁéﬁre vs Buman Labour/acra,
Bullock Labour/acre, Sced/acre, Irrigation
chara;siaeré, Fortilisers and Manures/acra
and Total Input/acre.
Sugarcane (plantod, irrigated)’ Tetal ODutput/acre vs Buman
Labatir/acre and Bullock Labour/acre
Wheat (unirrigated): Total Outpualacre, va. Human Labouy/aore
Bulloeis Labcur/aara, Fertiligors and Mamres/acre
dram {unirrigated)! Total Output/acre ves Human Labour/acra, Bulloclk
Labour/acr;, Bead/acre and Land Reverue/acre.
There was no irrigated Gram erop.
All the above observations wars takon in tsrmg of their
monsy valus (1.w. in rupeos).
4.3 The method of fitting the production funeticn was that of
the least squares mothod $.0.-erfor e.a.-waa minimised, The Cobbe
Douglag production funotien r@@yeaSAtc the ordinary linear function
on the logarithmio seale.a Thuys we have
log y = a *Ebz iog - 7Y
if ve have n variable inpnta.
Denoting the variables by asapital letters on the logarithaice senle,
we havo
Ima +§b X3
The error g.6. ) 2;[!_~ia fépiﬁa}) is ninimiszed.
" Thus aurarentaanng, wo obtain the normal equatisns of the
type XX = aixj +Zbg£ﬁ3 ) (3 = 13250000000, 0)
Belving thoso n nermal uquetiana wa get the values of big.
Taking X's to be normally distributed (tho number of obaervations

in each of the X'z being of the order of 150) we test the partial
regression coofficients b's.

IS
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4.4 The variablez in the production functions f£itted to the

varioug crops are as follows 1=

y stands for Sutput/acre (money valua in rupees).
X, " 7 Human Labour/acre ( =do= )
xy " " Bullock Labour/acre ( ~do=)
Xg - " ® pBeed/acre ( -do-)
x5 " ®  Irrigation charges/acre § -do- )
xf e #  Portilisers and Manures/acre ( =do~ )

x3 " %  Land Ravenue/acre o { =do= )

Four or more of the above variabls imputs have been employed in
the various production funetions that follow.

¥

(1) Mhegt (irrizgted).

The function fitted is :

e . 0.2139_ 0.,0637
ol g &-1:6850 xho.oasaxbo 0408, x,0°0

L4

The coefficient of x, vie. Seod/acre vwas alone fanund to be significant

¥

at 5% lovel. The cggtfioiqgﬁ of dstermination, RB, is given by
R = o.oa_‘:éa. .
Ther&fcra the multiﬁig correlation coefficient, R, is given by
R = 0.,292¢4 HNot significant.
The sum of the elasticities of produotion ia given by
By, = 0.37%
As the individual elasticities as also the overall elasticity
of production are esach less than unity, the fanotion indicates
decreasing marginal féturng to all tho inputs used individually
as well as jointly.
Other functisns fittdd to the individual variable inputs
in the case of ‘Wheat (irrigated)crop aré
(1) Linsar functions, )

(14) uadratic aquare rdo? funations.
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(a) Por Human Labour/acre (money values) we have

4e4.1 (1) y= 186,67 ¢ 0.8 xh
The regression cosfficidnt is not significant.
4.4.1 (13) ¥ = 196,84 - 0,0503/x), + 0.5036 x,

Doth tho rogrosaion soofficients are not significant.

{(b) For Bulloek Labsur/acre {monsy value), we have
4.4.1(441) ¥ © 206,93 ¢ 0.1007 xp,

Tho regression cvefficient is not significant.
4.4.1 (iv) j 5 $6.00 - 0.918/xy, + 0,0972 xy,

Both the regression coofficients ara not significant.

(o)} FPor Seed/acre (momey value), wo have
4.8.1 (v) ¥y © 176,60 + 3.8163 x,

The rogroseion cocfficient is significant at 8% level.
44,1 (vi) 7 = 176,00 ¢ 0.040/%x, *+ 3.5187 x,

Only the partial regression cocefficlent of x4 1

significant at 8% lovel, ,
Thus, of all the above three varisblo imputs, only the Beed factor
contributos significantly to the output, a result in conformity
with that derived from the previocus Cobb-Douglas production function.

(11)  Sugarcona (plantod).
Tho function fitted is

4.4.3 y = 22121 xp0° 0978 £, 0:0330,~0.0360,

Tho slastiocities of production due to the variable inputs of

0.3094xg9.1525

Bunan Labour/acre and Beed/acre agpd nogative whersas those of

tho other three are paaitiég. Bone of thaeso is pignificont.

Tho coeffiolant of detormination is given by
B2 = 0.0819

and therofore the coefficient of multiple corrclation is given by
R = 0.178¢6 Bot pignificant

~
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The sum of the elasticitica‘of production is givsn by

By = O.321% -
As the individual eldsticities as also the overdll elasticity
of production are each less than unity, the function indicates
decreasing marginal waturns to all the inputs used individually

as well as jointly«

(111) Srxan
Tho function fitted is

4.,4.3 y = 1.016 thOIﬁs xb 0310 xg@-éﬂ? 310.639

The firsh three coefficients are significant at 5% level.

The coefficient of determination is given by

R® = o.1m
and the cocofficient of multiple correlation is given by

R = 0.357 8ignificant at 17 leval.
The sum of the alasﬁicit§es of production ip given by

By = 0,821 '
As the individual elasticities as alse the overall eRasticity
of productiocn are aaéﬁ less than unity, the function indicates
decreasing marginal returns to all the inputs used individually
as vell as jointly.
4.3 From the foregoing function we sce that only a fow
factors contributeér significantly to the production of the three
major crops. The coefficlent of multiple corrclation in tvo
of the three orops are not significant (that of the third crop
although signifiesnt accounts for only 13% of the variation),
showing that the production functions for thege crops are of
little practical value in aexpls ining the variation in output or
predicting it. The reason for this may be that
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(1) these being‘nha data colleeted 4in the first ysar of tho
schemg, suffioient mumber of adequataly trained personnel was
nnt{f%ailahle and thorefore the data may not be reliable 1.0.

the quality of the &Qta is poor, or

(11) there may Qéaily axist no appropriate functional relationship
between the varlous input and cutput values,

Before taking‘;ny of the abgve two reasons or explanations as

basiz of our ccaclnaicns, tharé is a need to augment ouk

information with similar stuﬁy of moro data oollentad fyom

£

various sources.
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4.6 Data on Bugarcane (planted as well as ratoon) was also
collected by the Indian Cential Bugarecane Comnittee from U.P.

The data belonzing to the same region, as in tho Farm Management
Enquiry were obtained from the above mentioned gource. Thess data
were also amalysed sao as to pbtain additional information on the
Eugarcang crope.

The function fitted is - :

4.6.1 y = 0.8%09 ;hﬁo3laﬁxb-o,o?sqxao.eaagxf .55§xio.0316

(Bore y stands for Total Output/acre in maunds)
The coafficient of xh'ahn %, vig. Humsn Labour/acre and Eeed/aere
are significant wHersas that of xp viz. Fertilisers and Manures/
acre ig very near the significanss leval,
The coofficient of determination is given by

R? = 0,360
and, therefore, the soeffieiont of multiple correlation is given by

R = 0.5386 Bignificant at 1% loval.

The sum of the elastidities of production is given by

By = 0.934
4s the individual elagticitios as also the overall elasticity of
production aro aesch less than unity, the funotion indicates decreas-
ing marginal returns to all the inputs used individually as well as
Jolntly.

Observing that .the two inputs visz. Human Labour/acre and 8eed/
aere contribute significantly to the produotion, we fit a quadratio
function for the above two inputs.

The function thus fitted 1s

4.6.2 y = 05803 1,9843 x, + 3.5370 x, ~ 0.0490 x% -
2
O.I?Qaugws + Q.1542 “hFa

None of the partial regregsion coefficients is significant.
The coefficient of determination 1s given by



2 = 0,3514
and, therafore, tho coafficient of multiple correlation is given by
R © 0.5%3 B8ignificant at 18 level.
As tho coofficient due to the variable input Xe vige. Pertilisers and
Manures/acre was nearly significant, we add the sams to the sbw o
quadratic funstion. \
The function then beco?es

4

4.6,3 y =10.B89 + 1.3694 xp - 0.4310 x_ + 1,1850 x, + 0.0156 x°)
+ 0,1608 x§ + 0.0720 ¢ 0.0720x% + 0.0803 xpx, +0.0788x,x,

Xy Xg has not been included as a variable as the correlation between

x, and X, vas fouriito bs not significant.

Tha coefficient of detormination is given by

R2 = 0.6304 Significant at 1% level.

4.7 Comparing the two production functions fitted to tho data on
sugarcans crop ob.ained from two different soufces. va obgaerve that the
rirst one vizs. that on the data of 'Studies in Boonomics of Farm Manage-
nent' scoounts for a small porcentage of the variation vhereas that on
data of Indinﬁ Central SBugaircans Committee aceounts for a reasonably
good parcontage of that variation. A similar impression on othor crops
would be very interosting.

The present comparison indicates that the possibility of the
form nanagement data for the first year not belng of the reguired
standard of quality oasnnot be ignored, since under similar conditions,
data collected by experionced and better trainad fisld-staff have led
to a distinotly closer relationship between cutput of sugarcane and
various other imput factors. Another important concluglon that emerges
from the comparison is that the input factors inoluded in the study
actually'contributa to ths production only to a limitod cxtent but that

there sre other ‘extransous® factors, which cannot be controlled, that
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ars responsible for influencing the production. Consequently even

the improved production function leaves a major part of the variation
ia output unaccounted for and thus mt.afrecuve for prediction. In
aRy futura gtudy of this type, it would be worth vhile to f£ind aut and
study the effect of these 'extransous' factors e.g. olimato, soll-
fertility etce Thus if we c¢an divide the land according to the
fertility-gradiont and then ¢ry to fit appropriate production fun-tion,
we aay get ono that accounts for most of the variation in production.

-

sssssgssenare
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5e As alroady statad, the Cost icoounting method is an intengive
asiviod in that detailed records of day to day business on the fara

are paintainod. The data so colleoted can be very raliasble and
amaplote dn all respeots. The Survey method 1 an oxtensive method

in that we Just rely on-tho farmer for suppling ug tho reguired
infornation poriodically. The farmer might give us wrong information
partly berauge he does not remamber the expenses incurred by him long
tiek and partly because ho might not wish to give the correet informa=-

tirme. Anothor consideration and a very fmportant one is that of tho cosgt
involved. Obviocusly the ecost of the former method will bo morg than
that of the latter. Thus a comparison betweon the two approaches
becna0s a vory important factor. In case we find that the tvo methods
io not differ appreeiadly in the quality amd completonges of information
srovided, it would bo worthwhile to adopt the Curvey method in futuro
investigations as wo would boe saving a handsomo amount of acncey. Bud

in ~nse the twe methods differ significantly it would & botter to

adopt the Cost Aceocunting method in spite of the hoavy cost involved,
parause if wo adopt the Sirvoy method tho date so colleeted will not

te reliinle and thorofors the eocnclusions and recommendations made on

the tagls of this datg will Yo of little value., It will, thorefora,
"o, 13 a saving of expenses but a mere waste of monay and tima,.

Tho differenco in tho vworking of the two methods 4s as folloyp ¢
cne floldman undor the Cost Acedunting meothod collects data from 10
“arms in ons village only throughout tho year, while the invostigator
wnder the Sarvey methed colleots data from 100 farms in five differont



i 38 ¢

#1.1.498 oituated at long distances from ono another, Tho two mothods
24if:0 yarticularly in respaect of tho visits paid to thoe farmors by
1x@ Zloldman 3nd invegtigadors. In tho Cost Accounting method, tho
£19layan moets each farmar at least twice or thrice a wook and can
i~rpeage his frojuoncy whenovor nmecaegsary and can cheek up any doubtful
*yth within a very short time. In the Burvey method, on tho otheor hand,
*n@ firours of oach of tho fivo villagep arg approached four tinosg a
J+1¢ in rotation. Any data subsequontly found to doubtful will have teo
vait t loast threo oonths beforo they aro checked up and corrodtod.
irds viae lag tages away much of the roliebility and valuo evon of tho
~rrruotud data. Horeowor, the data collected within a vock at the
livest aftor tho operations are completed as is done under the Cost
wweounting method, aro likely to be more reliable than the information
:"llsotud under tho Survey method long aftor the complotion of oporationsd
To recall relevent dqotails of collection of data and seloction
«f ¢11l.308 and heldingp, in each zons five villages woro salectqd for
sxch mothod of which tvwo werc cemmon. Thus effectively we have eight
ti11l1308 in all firom sach gono 1.0, 33 villages congtituto the entire
swaplee Tho comporison ig made in two perts. Pirsgtly that based on
anls, endent villages by comparing the village mesans with.appropriata

s:aniard arrors. 7The gee nd is based on conmon villagéﬁ by comparing

§7 ap w2208e B alroady stated, tho holdings were first ordered and
14vi'sd dato five ogqual groups. Two holdings for tho Coast ftoeounting i
wetand and four for tho Survey mothod were selscted frem cach group. |
Puw Lo 9020 accldents or non=ragponse froa thoe farmer, obsorvations
fr-m cartain holdings oould noturccarded in seme groups thus rosulting
b ais,rm,ortionato cell freguencies. In a common villago, thorofore,

tnw agpen oh of two=way clagsificdation with unejual coll frojuoncies

w48 0231 followud. (Kondall, 19513 Rao, 1983} Das, 1953).



3.2 We first dval with the type-of comparison bagsed on independent

/%v;llages. Two patp of tableg: have béen given here. 1In the firat sot

of tablesy the weights givon to various strata are proportional to tha
strata sizes. This table will be valid for uso only in those regioﬂs

vhaere the agtrata are defined in a way similar to tho pregent ones. But
to got an 1des of the results- irpespective of the effeots of ?ariatﬁ%
in stresta sizes, oqual weights fox the variocus strata have been used \
in the geoond sat of tables, However a look at the two gots of table.
reveals 1ittle differonce in the rasults and therefore either of the

two may be gelescted for furthor use.

43 ip expected, the results with equal weightage have ganaraliy
slightly lowar sampling orrors. If we consider the present investigators
ag a random eample of investigators, the second set of tables ig morae
appropriate wheroas Af we wigh to také into acecunt the variations in

the cultivating population in the variouns styaeta, tho first set of

tables is more appropriate in so far as the results are jofluenwd by
the biased information given by tho farmers in spite of the best efforts
of the investigators. The socond type of comparison is the one based

on common villages. The approach of two~way classification with unequal
cell frejquoncies, followed in a commen village is as follows i~

Assuning no interection between the methods and groups the sum
of squares {(s.s.) for tho methods {adjusted for the disproportionatenass
in cell frequoncioes) and the g.3. for the groupe are caloulated.
Interaction geses i3 got by subtraetion. Tho interaction weans squarg
(#.8.) 1g then tested against the orror m.s. If it is not Bignifioanﬁ,
it 1s pooled with the arror m.g. to get a better estimate of tho arror
N.s. The adjustaed m.s. for the.-methods iz than tested agalust the
pocled error mes. I1f on tho other hand, the intoraoction m.s. is
signific a1ty tho 8.8+ for the mothads is recalculated (now on the basis

I
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;,:at‘ assuaing tho interaction to be present) and tested against arvor mes.
- A in the type of comparison betweon the two methods in the casé of

i independent villagos, tetest has been employed, the above mathod will

E also be reducod to tetest form remembaring that ?(1,11) L tg(n)‘

* This procedure will be amply ¢lear when thecretical details have been

i given illustrated with a few exepnples dealt with in doetadls,

(Kindly read page 42 before page 41) |
y
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a.% We now come to the otgﬁ?-;ype of comparison viz. that based

on cozmon villages. In a com?nqﬂvillage, the noldings galeoted for the
Cost Aceounting method wera different from those selected for the Burvey
‘method. A48 we have five groups from which holdings were seleated
independently, the vapiation in the holdings oay be due to Si) methods
or (1) groups. Anothor sourece of variation may be that the offect of
methods differs from group $0 group or vice varsa 1.0. there may e
interaction betweon thae msthods apd the groups. B0 we havae three sourcss
of variation visz. that due to (i) mothods, (11} groups and (114) inter-
action batwean the fivet Bwoj 8o that {f we have g groups, the aunalysis
of variance table for a‘%illags will de ag follows te

.

Kethods ' 1
Groups g~1
Interacticn - - q-1
Error O n=2g
Total a=1

wvhere n dofiotes the total number of observations
in all the.cells.

Ag the cell f&eqnenuias are differont, wo adjust the 5.5. &ﬁe
to mathods far the dispreportisngtoness in cell fraquencles and on thae
hypothesis tha® tho motheds do not differ, we tast tho asthods m.e.
(adj.) against the appropriate error m.s. The thooretical dstails are
as followg ? |

Taking first tho two-way clasgpification with umequal 2elle
frequenciés (Das, 1953} Kendall, 1951}, let the two factors be dencted

by A4 and B with levels, By &2?,:‘:0»’, ap and b1' ba, svrseeny hqi |
v
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A camparison of the Cost Acccunting and Burvey methods of
collecting data based on indepandent villages.

Let 8 denote the érgu} mean of the obgervations undex Survay amethod

and C u " 0 a " " % Coat Accounting method.
Proportional weigﬁzghla 5.1- Bqual Weights
Mheat: |
Factor (B=C) B.B.(B+C) duf. ¢ (6-C) B+Buo(B=C) dufs ¢
B.L. 2.500. 3.4464 8 N 8. 1.897  3.8768 8 Ya S
BoLe 70.768 13,1876 -8 . 73.658 14,2841 8 *é
Sesd 0.680  0.7618 8 N.8. 0.452  0.7245 8 H.8.
T.lnput 77,435 16.3008° 8 . 79,798  18.3306 8 .
T.08tput 14.456 "16.3363 . 68 ~ M. 8. 14.310 15.8328 8 F. 8.
fugarcane (planted): o |
H.L. 0,486 11.1882 @ " TuBe 4,179 16.5908 8 NeBe
B.L. 46,926 16.2878 8 — %= 85,420 14,8000 @& xe
Seed 0.402 5.6991 8  ° K.8. 8.400  B5.,0275 8 H.8e
Fo&M, 20,661  7.0352 8 _ 4 16.419  6.0880 8 A
T.Input 28,839 28,6307 © 1. 5. 41,747 33.0187 8 Ny Be
T.Output 30.440 62.66895 8 N.8. 31.937 54,8373 8 N. 8
raat | S ‘
HeL. 3.103  1.8690 8 B&S. 3.037 1.7206 8 H. Ge
B.L. 8.838  4.8780 8 10,796  &.5284 8 *
Sesd 0.787  0.8276 8 N8 0.844  0.4218 B8 H. 8.
T.Input  5.088  7.6448 B N+ Be 7.746  6.3506 8 NeBe
f.0utput 5.030 16.8068 B  H.B. 1,933 15,7671 8 NS
vhere H.L. gtands for Human Labour/acre, B.L. stands for Bullock Labour/
P&, w Fo;tif;sars and Hannres(aero, H.8. * HNot Sigaizzil
. " gignificant at 5% level, ¢ ® -§ignifieant at
and (8«C) values are in rupees. i lavels.
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Lat yygyx veprésent tho ke-th obgervation in the {1y J)th cell,
Ryy the mumber of obscrvations in the (1,5)th coll, and m the grand
sean. Further let -

ToljS Mgy TOgg SRy, T gy BIhey SRy, Dy

= Vagk © Tage Zage 25%y % R E Bygr 5Ty = Yoy

=Ty = ¥ and § =¥y, "f—rg—- ngy e

Normal oquations

The modol is Vi4u = mray * bj ;' °1Jk- (assuning no intaraction)

4, being the i~th leval offact of factor ayby the §-th lovel effect
of factor B and @34y bolng tho extrancous offects dus to the k~th
obgervation in the (i,3)th ¢sli. The least square thsory gives the
best estimatos of m, a4 and b‘ by the normal egquations ¢

Yy, =ngm * NG, 84 = ngg by, (12 192y sevesy P
!.3 = n.am + ?.3b3 *t‘-’nijai ‘J B 142y eseeeny Q’

Yﬂm*gn}_ai "j‘:ﬂ-:bi

Nultiplying secend equation by ny4/n.y and pumeing ever J, wo have

Y. nj
5 T g njy = 4@ +2 ny4by *Zn':g- ?n"" i

Subtraosting from tha first eguation, 2
o = Xy -t ﬁ:"‘ ngy) = ay (g, << ?ég—’
« oy (ny, - E.ﬂi‘a., £ T i

ket of, = (ni.-j-f— E:-s--) and €y ® -3:5:}-—-‘1' (4% = 142y cseny p)

ad S TR
To golve these equations, we note that only (p-1) of those
iﬂopsndent and ao for -a unique golution, we impose the restrioction
~‘f_‘ ‘1 ® O,

I
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Putting ap = = (ay * a5 * «aeee + a5 4)y ve havo

Qi & aipii 'E’a' {1 = 1¢8¢ ssene ¢ F"“)

wnar@ Pil ni' —J——L—Epd
. n“(nkl A )

P
11{ ) .J

* low tho total Des. via. §%Ky 13k gplits up into two parts @
(1) that duo to the astimates of all thoe constants insluding m and
{41) that due to the deviatfon from tho rogression insluding all the
constants.
€ho seB. due to eostimates of the constants is givon by
y In +2 31!1. *‘J;‘ b:’f.s .
Elininating by and m, this becomes (using the normal equations)
¥2,
-8 ¢ Zf"i‘.‘f‘
Again the sS.8. duo to tho agstimates o§ the constants on the hypﬂtheaia
p is equal to’i --—1--

Henge. the Be.se duo to tho agtimates of 31 8 alone f.d8. 8.8. adjusted

1“ ﬂa Tessse B 4

for all other offscts is equal to T agyy based on (p-1) d.f. Lot (A)
denote this adjusted .5 and A thoe s.s. due to the ogtimstes of all
tho constants on the hypothesis DPq @ Dg 2 eeese. = by 1.0, unadjustod
8«8 duc to tho faotor ie Similarly lot (B) and B denoto tho
corrosponding se.s. dua to tho factor B,
Tho ge8s 4uo to all the constants is oqual to (A) + B = 4 + (B} from
syamotry. Hengo A = (A) = B=(B) = ¢ (say) whero { may bo called the
adjustmont factor for nom=orthogonality.

Tho g.8. due to the deviation from rogrossion 1s

= ygm! - (a) - B,
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To gat the intoraction s.s.u, ’vg use- the model
Y13k=m+a1’bj*hu "_’aijk

where hyq - 19 the Ainteraction term or the (1,§)th cell.

The s+8. due to all the constanta inoluding h“ is 3: -J--- with
{(pg * 1) d.8, - - |

s

Algso s.s8. on the assumption hys = 0 ?..o. 5% dud to the gonstants
@y ag’s and by's 1a (A) + B with (p * ¢) d.f,
Heno® Be.s5s duo to interaction is

with (p-1)(q~1) defs

"\
Therefore 8.8, due to deviatien from regression is L

-f.
¥3 - \

_ ¥Ry () =B
E_J‘ q—‘——a - A) - gl

4 . 1.
= PPy - BT.TL hased on {nepq-1) d.fe 3

In parueular when A hgs only jwo clazsss gay &, and ag waf‘hkvo

' ‘Q 3 Q \*
Q¢ ¥ «5 -3_-},-4-- " -é- (say) . RN
1 2™ 3:911“23
4 n«:
. qg
The adjusted s.8, duo to A 18» given by (A) = -p-l

=

and variance of estjmate of (ay = ap) = -%-—

-
e—

Let - estuateof < = & s 58 o .

Q ! o - %
Then F(q o) © -5-1- / 8% § or using't-< tast, it & and § be the ovaré%x

means of the two methods, then- 3

V| | N
3ﬂ(y~x)=-§-§1-r“‘_'§‘"’ )

VD= TG 2 B =

SQEO(E)“ el
p

- Qiy' *Q.‘
e e v |
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'If on the other hand, the intersction s.s. ig significant, the s.8.
due to the methods changes andfzgaleulatad by using appropriate welghts
as follows? ]

The following table gives the means of the groups vithin
a village for the methods.: The numbers ars the numbsr of observations
on which the corregponding mean 46 basod.

Oroup Mean Bo. of observations . Group Mean Ho. of observations
x, n, v m,
X, n, 5. m,
X, n, 7. o,

Let X and y be tho overall means for the two mothods and s the

overall mean square within ceasllsg vith 0 d.f.
A‘-

Then W(E) = (1 k.. +i) = _ﬁ,;_ (aa)
W) = Swmrmsooel) = 2 (mw
vhere N o K /(l— Lo ST
and M s K/ (G e i)
Let | d 2 FeoX.
Then W) = V(7 - ®) = WUF) * VR =d(Lak)
and 8eu® "E/Aqﬂvr:lﬁ_’

Al30 88+ due ‘to the methods.(adjusted for the disproportionateness 4n

cell frequencies) 38 given by .l
(or®e +My—)

(A) = NE *MF- TR

R e
o see the equivalanco of t and F, we have _ .
F = [NL"+M;+NM(,)L+3 )*N P‘-'—MU -LmMM J}/A(”*M)
wm L —x)" L‘;‘ Ik
A Uv:f;!f = L"’*‘h)
s o(//i ke E

Hence the two approaches are ‘equivalont.

e -
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As t-te;t has been employed in the comparison between iha
tvo methods based on independent villagos, the Bame will be used in
the comparison bassd on common villages. - The- procodus followed 48
that first we test thasinﬁeracuien 8«5+ in each caso. In.cage it 13
not significant we usd t'a I_t, Af 1t 1s significant, we Bave t = ijLL
whers all these quantitisg have already ‘bean defimd. Hengs, after
1llustration by d2aling with & .few casdsg in details, appropriate fora

of t«topt haps bacnusod aftor testing the intoraction s«8. in eaoch
cane.

Some examplegt
¥heat, Buman labour
(1) Village Oagore

No. of Sun of the: .5 Wos of .  Gum of the No,  Gum,
holdings obsna. in holdings. obgns, in -
each cell, each ocell.
3 88.84 21 43.01 3 .. 133,88
3 71.80 | 3 147,30 , B 219,20
2 54426 .- 3 140428 6 194,54
2 _88.26 — - 4 162,92 ) 251,18
3 51.84 4 182,84 6 . 034,48
Total 10 331,90 > 48 681544 26 1013, 34
ow Qy= Xy, »g-%é,mi, S 331,90 = 80,83 = 87,73 ~ 64,63 = 77,08

“78,16 = 66,19
P s z-ﬂéo- 5 8/3 ¥ 6/8 ¢ &/3 + 4/3 * 4/8 = BB/15
The adjusted s.s. gue to methods (a) = Q,/P = (-66.11)a-é§—
© 784,077  with 1 G.f.
BeSe due tO groups B = 3071,941 + 9617,621 + 6307,653 + 6007, 365
+ D163.,478 = 39494,537 o 473,503 with ¢ d,f,




t A ¢

Batwoen eolls gigs 5 ¥4y /nyy @ S5684.253 + 25844806 + 1472.074

+ 2320,714 * 1333,345 + 8304.060 + 72014371 * 4919:620
\ + 6635.752 + 6362; 108 « 30404,057 = 1373.425 vith 0 daf,
Intoraotion s:8: = 1373.425 = 734,977 ~473:.803 © 154,943 with ax dits :

Total -g:8s = 19881,350 + 31087580 =~ 30404.586 = :wfmzsa k;{
Brror sese = §1eoeeaa ' with 16 difs \

| Analysis of Variapeé Tabdle ; }\i
sgruiggigg D.¥e SeBe M. 8, ¥ "
Methods 1 \74449;? 7444977 64609 *®
Groups 4 473,503 . 118+376
Interaction 4 “1}4&9?5 * 38,736 HiBe
Errer. 16 ., 81004838 1314 308
Pooled Brror 20 8258,783 '1.19{759

Hote that %ho negative sisn\of ¢ s'hgysft/ﬁat th; Survey method gives
significantly greater values: .
d = (8-C) = 11:260 V(d) = 10.8089
8¢B.(d)=4.593 8204, g, F20068 ¢
(44) Yhmat Buman Labour
' Village Baghera Kalan - P

qy = +113.63, a
P e 19/3 , (A) = 2030,060 with 1 d.£. | \ ,
'A«V.Table \
Eource DePs 8+ 8a MeBeé - P ?"
Hethods 1 20304060 20304060 64106 %,
Oroups 3 403,408 1004875 Jt
Iateraction 4 499,833 123,088 He8e
Brrer 18 6650.433 3804570 % ?
Pooled Error 82 73464 205 333,920 f¥§
a =17.943 vid) = 58,7244 a’i; \ w
BeB(d) = 74361 Y524, £, }l‘
= 2,471 % - {

R e
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¥heat« Bulloek Ladour
(111) Vvillage Jasora

A+V.Table -
Source D.Fe Ba8e , Mo Be ¥
Methods 1 13221.872 13221.072
droups 4 97610, 264 )
Interaction 4 92116, 284 10520.068  S.196,
Erroy 18 e 3901.749 ;
Here the interaction is significant.
~Weighted & = §7.700 v(4) = 713.2182
8+RBo (&)= 36,708 8015 dog,) © 20035 *

Having dealt with u few 4xamples un datails to uluatrnta "
the approaches auitable for'the two cages viz. (i) when the interact
1s absent and (11) when it ia present, in the followimg tables are
given the results obtalnsd for all the villages in the above %Mr. N

rop
}‘ N

i‘\ A
»
\

_-—';‘a-*":l;“
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Table: 8.2
A village-wise comparison of the two methods of golleoting data
¥heat. ' =
Bumpan_Labongs

Village " (8a0). ‘6B, D ¥\ t

Datiyana 8019 3,129 18 2,863

Gagore 11.26% 4,393 20 - 2.865 ¢

Xhandraoll  $4.129 4,294 22 3,200 *+

L.Ragulpur =1.098 3.743 23 0.288 H.8.

B.Kalan 17.948 7. 261 22 2.471 ¢

Jasora 2.004 B.266 19 1.787 H.B.

Bullogk Labourt

Datiyana 80,758 76241 18 3,741

Qagore 86,028 1&.4%5 20 . 5.821 see

Khandraoll  105.376 _8as701 g8 -~ 4,208 *®

L.Rasulpur 94,807 19.084 22 . 4,976 e

B.Kalan $6,948 244941 22 1,401 H.B.

Tasora 67.700 26,708 18 2,535 =0

feugs N ,

Datiyama 1129 0.4612 18 2,431 «

Gagore 3.750 0.4089 20 De171  @o

Khandraold 8.881 : D.4568 2% 4i174 2.
L.Ragulpur Q.472 9.6079 22 0,776 K.8
- B.Kalan 00341 1.0969 22 0,311 .8

Jasera 3.002 1.1530 19 2,604 =

{continued on next page)
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Mheat,
Zotal Inmpugs
i111age (8=C) SeB. ~ D.P. t
Datiyans ' 84.437 19,644 18 4.958 o
Gagore 108,924 _ 20,173 16 8,365 9*
Khandraoll ' 160.953 57,032 22 4,347 »
L.Rasulpur 93,935 22,869 28 3,107 o=
3,Kalan 44.547 3%;048 a2 1,348 N, 5.
Jagora 67,224 30,675 18 3,170 e
Jotg) Outputi /
Datiyana 89,308 28,674 18 3,030 9
Gagore 6.598 23,536 20 0,280 Ne8s
Khandraold 59,837 22,184 g2 2.606 *
Lo Rasulpai 24,088 27,413 28 0,828 N.8.
B.Kalan 18,725 15,738 ‘92 1,191 H.8.

Jagora -14‘748 19.288 19 0,768 H.5,

E
,%
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Table 5.3

A comparigon of the two methods of collecting data (village-vwise)

Sugarcane (planted). -
"1

Hugan Laboux? 4.

Village (8-8) Bs By DeFs t ! \A
Datiyana 53,960 29, 208 21 2.420 = \\
Gagore 604235 13.868 18 3.618 % \
Bikri 26.872 54787 18 3.980 ** "
Khandraoll 45.963 12,818 18 3.586 o¢
L. Rasulpur 1.037 14,012 18 0.074 BR.8.
B.Kalan 8.728 29, 334 8 0,208 He8.
Jagora 48,048 -1G6.582 1é 2.7
Bullock Laboupt L :
Datiyana 63,745 T4 23 3,501 e
degore 200,094 89.653 18 3,873 *
Sikri 112080 12,068 “18 8.8584 »
Khandraold  =20.983 12.142 16 1,725 B8,
L.Ragulpur 17.3%4 18.068 18 41.Y6€6 N.B8.
B.Kalan 23,285 20,180 8 0,799 H.B.
Jasera 764693 a1.273 16 3,605 oe
- paed
Batiyana ~3.058 ' 2.938 21 3,020 N.5.
 : Bagare 85.498 44698 18 84428 4
| 1agrs ~4.563 . 8.816 19 04700 HeS.
| [Ehandracli ~0.478 3,398 13 0c141 H.S.
| eBesulpur  +17.083 8.465 18 2,018 NuSe
L BuKalan -4.266 84756 8 0.487 N.Gs
10,905 B3, 124 16 1,342 HN.5.

(contd. on next page)



fugareane (planted).
Village (8-C}
Datiyana -1.881
Stkr1 ~13.517
Khandraold 1.130
L.Rasulpur «31.498
B.Xalan «84481
Jasora T.986
Zo%al_Inpugt
Datiyana 132,737
Gagore 320,001
Sikrt 133.008
Khandraoll 10,973
L.Ragulpur «7.035
B.Kalan 7108
Jagsora 106. 144
Zotal Outpup:

Datiyana = 151.605
Gagore 221,224
gikri 115.831

Khandrascli 263.852
L.Rasulpur 126.160
B.Kalan 71,011
Jasora ' 61.9969

8.B.
8458
6.933
2.504

11.300

104144

12,189

43,224

$0.990

37,369

23.493

39,432

782008

32.610

$7,162
90,801
31,536
111,009
160.865
85,885
116,400

Y

DePr
9.
19
13
13

18

21
18
18
16

18

16

21
18
19
16
18

16

t

00199
1.921
0.119
1,503
04639
0.630

34144
3.817
4,494
0487
0.178
0.091
2.823

1}56Q
'2,436
3.473
2,366
1,851
0.887
0.332

He 5
He Bs
.8
HeBe
W 8o
H. 8.

L1
i
L1
BeSe
8. 8y
R.5.

He 5

L2

He Be
H. 8,
H.8.
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Table B.4
A comparison of the two msthods of collecting data (village-wige)
Gran.

Huoan Laboug:
Village {8-C) BeEa De P t
Patiyana 3.162 8,800 10 1.140 HM.5.
Gagoro B 115 1,630 23 3,137 e
Sikri ~6.063 - 1.683 13 3,713 e+
Ehandraold 1.841 %380 10 0.548 1.8,
L.Basulpur  =10.476 3,035 12 3.451
B.Kalan . 64693 7+ 855 3 0.910 N.E&.
Jasora ~1.204 7.180 8 04180 N.8.

Bullock Laboyr:
Datiyana 36,020 16,867 20 3.302 s
Gagore _ 12,998 7187 23 1,824 H.8.
S4xrd 36559 6.838 13 3.716
Khandraoli 38,816 10,873 10 3.614 **
L.Rasulpur 17.974 $.429 16 1.808 N.8.
B.Kalan ~44880 18.663° 4 0.383 H.3S.
Jasora’ -5.093 184706 8 0,370 H.8.

Boads
Datiyana 1.370 0.4744 20 2,002 MW
Gagore 0.135 0.2053 23 0.658 N.8
Sixrd »1.862 0.4198 13 4,440 v
Khandraold =14300 0y 5608 10 2.319 ¢
L.Ragulpur 1.178 0.6358 16 1.847 HN.8.
BeKalan = =1.020 1.2459 8 0.819 [.5.
Jasora 2,478 3.0720 8 1,193 N.8.

(contd. on next page)



Gram »

Zotal Ingut!
Village (8=C)
Datiyana 41,340
Gag;ge 19.381
Sikri 31,466
Ehandraold 40.031
L.Rasulpur Q. 204
B.Kalan 15,945
Jagora ~4.426

Zotal Outputt
Datiyana 65.009
Gagore 00.081
Sikri 18,156
Khandraoll -2.659
L.Bagulpur -23,540
B.Ealan , =5,400
Jagora 17,080

LI %

BeEe .
19,318

7.806

11,710
13. 781

-

13,080

2442857
18,110

28,350

B.324
12,406
82,017
18,738
18.183
20.968

DeFe

33
13
10
16

23
13
10

16

t

2. 140
2.451
2,873
2,908
0014
QUB%R
0. 244

2,206
0.010
14463
[FIF:3
1.363
00689
0.815

Nude
NeB.
)

He e
N. 8.
e
He e
HeBe
Begs
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Bed Having doalt with villgge~uise comparison of the ftwoe methods
baged on common villages, We now aconbinc the results over the villages
4n esch stratum. For this purposs, 4s the villagea have been selooted
with probability proportional to their areas, aqual waights for the
villages within a stratum have besn used. ¥hus ve have the f£ollowing
tadbles giving sonal-wige couparison .
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Table B8
A zonaleyiss comparison botwasn the two methods (common villages).

¥hegt. s <

Euman Laboyrps =
Zone ~ (B=0) Se e DeFs t
1 P.644 2,697 33 3.576 o+
12 14189 4,203 a3 3.202 »
111 «1,008 3.743 22 04203 B.8.
0] 13,6186 4.488 4 3,014 o+
Eullook Labour’ |
1 734390 11.568 88 G344 o»
) $4 105, 376 24,701 23 4,206 o*
113 94.807 19.054 28 4,878 -+
Iv 51,524 18,871 37 2.800 ¢
. Besgs .
I 2,437 _ 0.%083 38 7,907 **
11 2.821 0.4568 23 6e178 @+
1 0.472 Q.6079 a3 0e776  HeBs
‘ iv 1.673 (e 7940 41 2,106 *
Zotad Impust -
1 96.320  ~_ 14.070 36 6,848 **
IX 160.953 57,022 33 4347 o
111 93,933 £2.869 22 4107 e
v 70.886 17,223 57 de116 ¢
Zotal Outpyt: '
1 47,953 16.5¢0 38 2,035 ve
11 59,887 22,194 23 2.696 ¢
11X 244038 87.413 23 0.878 F.8.

v =16 737~ 12,441 41 1.343 RN.B.




A acomparison {gonklewige) betwssn the two methods (common villages)
)

Human Laboup!
Zone {B8=C)
1 52,098
11 860417
111 1,037
Iv 85,687
I- 1314420
i1 45,569
III 17.394
v 26,704
Ml

X 6.783
X1 -2, 531
I1X ~17.083
v ~7.686

-

-~

1 88 1t

Table Beb

BeBe
13.137
7280
14,013
18.964

38.800

B.617
18.069
18.039

o

—r

B.770
3.674
84463
6.978

1 ~14891
11 ~8.054
111 -21.408
v ' 0.788
Zatgld Inpusd

) S 226, 369
1X 66,901
i -7.038
Iv 43,6529

0+455
g.888
11.300
7.917

60.188
18.028
39.438
HY 149

De P

a9

a1

18
24

3%
31
18

39.

a8
18
24

19
31
13
a3

39
31
18
24

A

%o \

e

\ 3.966
&s.oso
0740

10519

34660
8,110
1,154
1,480

3.831
0.686
2.018
1.270

04199
1.036
1.908
0,096

4.513
3.776
0.178
1.143

-

¥
A
£ T

o
.

NeBo

N 8.

L1
L L]

H.B»
HeBe

L 2

HeBe
N. 8.
Na Be

He 8.
He 8.
HeBe
e 8o

L -L
L L

By Be

Hebo

(econtimisd on next page)
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Busarcane (pignted).

Zotal Sutput?
Zone (8-C)

i 1864418
11 189.848
111 126.100
v 606808

BeBa

68493
58,177
100.868

73.364

DePo
20
38
18
24

t

2,804
34263
1.281
Q.919

L 2

e

BeBe
N Bo
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Table 5.7
A zonal-wise comparison botween the two methods (commen villages).
Qrame

Bumgn Laboups
Zone (6+C) BeE. L% T |
I 4.154 1.610 43 2,565 ¢
11 2,119 1,877 23 o124 H,8
111 «10.476 3,078 12 3.451 *o
IV 80700  B.1%8 1% 0¢525 Hafe
Eu&igsg;éanggx*
1 35.810 9.283 43 3,751 *e
1 87.380 - 7,028 23 Be177 4%
11X 17,674 9,420 16 14006 N8,
IV «4,967 24330 18 04532 N.B.
Beedt
1 w0, 618 . 0.2683 43 2,301
X1 ~1.581 0.3501 o3 4.516. ¢
112 14175 0.6358 18 1,887 W8,
v ' 0.726 0.3010 13 2,414 o
Zotal Input!
I 804 361 10.438 43 2.010 *+
11 38,748 9.062 23 3,945 #e
111 . 0.204 15,080 16 0,013 W.B.
v 54760 1,514 13 3,805 %+
Zotal Output’
1 32,800 " 14,773 43 8.206 *
1 7,749 18,636 23 0:613 .8,
111 ~28, 540 is,73d 16 1,363 WeBa

Iv 4.340 12.123 12 0.388 NeBs
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5,8 We now have to sum. up the results (obtained above) over
tho different gzonss for any partlicular factor. To obtain the
overall difference of aaans*of_ﬁurvqy and Cost Acoounting methods

ve may uss tho arza of ths zZone a4z the weight for the partioular
mean. Thus 1f At ha the arsa-of the i-th gons and &i the difference
of means for a factor in that mone, the overall difference of means
for that factor is giyﬁa by

: R
z“ .1
4na >

T A

and V(d)ﬂZ ‘t ";)’ =2 by TV ag each d,_ is indspendent.
Thue the appropriate S.B. i3 obtained. Ve test d agoinst this
BuB. using t m o /SEcI)  with appropriate d.f.

The gecond mathod of cembining ani the regults is to uszed

A‘ = 2 Aeds  where At

egual weights for the various zones. The former method would be
Jjustified if wo wigh t0 take acoount of the varlation ia the
cultivating population of each‘ﬁiiiaga for reasons explained earlier.
(The area figures are used for weights as figures for cultivating
population are not avallable). The latter approach would be- justified
if w; treat the present investigators as a random sample of invepti-
gators and give equal welight to 2ach invesgtigator.

Taking one caso in detail, we have

Table Ro. B.

Wheat Human Labour

Zons (8 - C) Varianca =

I 9.0644 7.3714 0.239564 0.088700

11 14.129 18,4383 0. 185207 0.034302

111 =1.006 14,0066 0.256832 0.065963

v 13.086 20.1183 0.328397 0. 107848

Using proportional wsights, the overall difference of means, d, 1is
given by 4=z —%{u 8.968% V(a) =7 JV(J )= 4.1086

8.B.(d)= 2.0370 _ t = 4.434 v
u n)
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1f on the other hand, we uso equal weights,ws have

(d) = 9.0688= 1 %o V(d) eizvuo= 3.7308
) B!El(&) = 1.933" htﬂ—}jﬂ 4.670 L 1]
5.6 e are now in & pogitien to set out the two types

' of comparlsons viz. that based on indspendent villagoes and that

based oa ecﬁmon villages.



Yaights

Yheat.
Factor
BeLa
Bele
Besd
. Input

T.Output

proporticnal to arcas.

Injependent Villages

{B-C)
2.809
70.768

. =0.680
77.424

14,4586

~0.456
48,924
0.403
204661
26.529
«30.440

-3,103
8,538
=0e 787
8.053

EeiBe

3.4464
13.19%8
0e7618
18,3098
16. 03863

11.1302
16.28%76
5.6991
7.0352
25.8307
62.6893

1.869

4.8780
0.5276
7.1643

o D ® O O ©

DaFe

B

2 o o O

@ o a o

Table

s

0.728
8.362
0.893

- 4.747

0,859

0.041
2.967
C.071
2.937
1.033
0.486

Be8

Ha e

s

He 8o

=8

HaBW

HeGe

e Be

He8Be
He8e

H.8«
He 8o
HeBa
He 8o

Comzon

{58C)
8,989

77.568
1.753

05.328

22,773

- B27.473

81,840
8,425
~0.833
78.828
132, 200

=(0.459
17.833

0.117
18.528

Villgges

SoBe

2.0870
Ce 3771
Q.3978
11.133%
9.8605

7.1715
1.9883
3.0737
4.5913
21.1710
39.8¢113

1.9271
4.6378

| 0.3635

69470

_D_ABID

D.Fe
183
118
123
115
128

112
112
113

112
116

90
84
05
98

t
4.436
8.273
4.407
8.922
2,310

3.6%1
4.718
1.668
1.488
3. 780
3.321

0.238
3.84¢6
0322
2,336

 0.503

¢
L2

L 2

L

*8

He Ge
e e

L L

"y

N.B.

*9

He Se

K.S.



. Table §.0
Egual welghts.

Independent Villages Common Villages
Hheats
Faator (8-C) 8B D.F. € (8=C) [958
H.L. 1.877 3.8708 8 0.485 H.8.  ©.04%  1.9337
BoLe 73,688  4.2441 8 47,355 »* 81.224 8.4896
Seod ~0.452 0.7243 8 0.626 BHeBa 1.851 0.3878
T+Input 70.794 10.3306 8 4.333 =v 105.626 12.317%
T.0utput  ~14.310 18.8328 8 , 0904 HuBs 28,779 10,2037

L 1

HeL. 4.179 10.5708 8 0395 H.8. 28,860 645038
Balie 85,420 14.8000 B 3745 W 54.772 10.947%
Seed 2.400 5.0275 8 0.477 Ue8. =8.333 2.8340
Fa&ite «18.319 6.08380 8 2.697 * -7.17%  4.4325
T«Input | 41.747 23.0187 B 1,814 N.8. 83,961 19.7200
T.Output ~31.837 54.8576 8 0.582 H.8. 142,238 38.0023
.@Eu
HeLe ~3.037 1.72086 8 1.756 H.e8e =0.378 1.6155
B.L. 10.796 4.5264 8 2.388 * 21,228  4.4214
Seed -0.814 0.4218 8 0.193 ~0.05¢ 0.3062
T.Input 7.746 6.3306 8 10220 HeB. 18,019  6.3618

~1.0%D 13 7471 8 Owumu N.8. 4.788 7.3988

A st o ms

DaPe
133
119
123
118
123

112
112
113

86
112
116

20

94

05
95

o4

t

4.670
8.558
4. 712
8.637
2. 820

4,436
5.003
1.538
1.620
4.243
3:734

0.234
4.801
d.792
2,832

0.647

&3
oK
L1

L2

e
s

BoSe

HeBe

&¥

L1

. S
LY
B« Se
(-1

H. S-

I e — -SSR
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?rém the got of tableg, just glven, ws ssa that proportional
voights and equal weightse pive similsr resultge The difference in the
;two types of comparisons is that the one baszed on common villages glves
more significant results than théranﬂ based on independent villagea,

but there is no contradiction in ths twe typos of comparisons i.6.,
thore i3 no factor for which one typo of coaparison gives olgnifiecantly
different rogults in favour of (say) the Burvey method and the sams
factor in the ather type of eonparison gives a significantly diffarent
rogult in favour of tho Cost Accounting msthod. &é‘a_mattar of fect,
this similarity of results might have beson egpected and we have much
more degrees of freedom in the common villages. Wo can nov cembine the
regults over the swo typas of ecomparisona to obtain an oversgll ploeture
of the &ifference for the various factors in tho three erops goparately.
This combination is done by using the inverse of the variance of a 4iff-
erence of means ag the waight for that difference. Thus, &f Vg ba the

inverge of varianes of difference of means Ei y the conbined difference
of means 1s given by

a =z
The variance of d is given by

€1y,

iy
z
v

V) =2 Fo : V(de) as each 44 1s independent.
Thus we obtain the appropriats atanﬁard error for tosting 4.
. Combining the previoug results over the two types of
conparisons, wo have the followiong tableg.



Proportional Weights
(8-C)  BaRa D.P.
7.3236 1.7472 131
75,2867 7.6441 127
12313  0.35235 151
02,5658 ©.1926 123

8.5086 131

10.8779 6.0283 120
80.932% 9.1091 120
-3.88038 2.7048 121
-10.9633 3.8450 94
B2.3877 18.0476 120
85.4601 33.6071 124
-1.8215 1.3487 98
13.4191 3.3608 102
~0.1843 0.2093 103
10,4765 4.9966 103
2.3103  6.8360 103

Tables

t
4.192
©.849
3.493
10.048
1.559

3.108
5,591
»..a,am
2.85%7
3.481
2.843

1.858
3.773
0.549
2.097
0.339

5.10

2
50
L]
=

Fe 8o

e
*4
BeSe

iy

H.8.

L 2

H.8e

N.B.

Equal Welghts
- {8«C) £eB.
7.6166  1.7899
98.8562 7.8979
1.3531  0.3419
97,6107 10.1665
16,1343  8.85769
22,0800. B.5403
$5.0044. 8.8014
~2,7259 2.4688
-10.3%301 3.5834
6640201 15.0064
85.5778 31.2887
«1.6169 1.18086
16,1844  3.1629
~0.31956  0.2477
12,8738  4.4944
3.5726 6.6316

DeFe
131
127
131
133
131

120 -

120
121

120

124

28
102
103
103
102

t

4.403
8.950
3.914
$.601
1.881

3.985
84250
1.103
2.897
4.396
2,735

1.370

8.103
1.290
2.864
0.53%9

L2
L2
%
LL

H. 8¢

L
9

BsBa

¥

L ]

HeBe

L 2
K. 8.
L L

H. 8.
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Ba7 Fr;m the fbregoiﬁg:tabf%%} we goe that there is no difference
in the results obtainod whether wé:ase proportional weights or equal
woights. Thus we may use either o:;§ne_twa final tables for basing

gur eonclusion upon. Another fact that emarges out of these tables

is that the factors Bulleek Labour/acre whioch is the major item of
input as also the Total Input/acre show a significant differencs in all
tho three erops. The magnitude of the differsnce expressed as percentage
increase over the Cost Aeccounting vaelues, in the case of Bulloek
Laboup/aare being of the order of 70% for Wheat, 53% for Sugarcane
(planted) and 40% for tho Gpam ovop-. This percentage excess in the
cagse of Total Input/acrs for the above three orope respaoctively is of
the order -of 508, 15¢ and 10§, Regarding the factor Human Labour/acre
vo gee that 1t shows significant difference in the cass of Wheat and
Sugarcans (planted) but no signifisant difference in Uram; the percentage
excess being of the order of 2085, 20f and 10%. The fact Seed/acrs

1s significant only in ¥Wheat, the excess being of the order of 10%.

The factor Fertiiizera and Manureg/asore which was applied. to Bugarcane
arop oniy ghowa a aignifiaan§ difference (in the favour of Cogt
Accounting mothod) s the execess ha;yg of the order of 25%. Finally
taking the casge afiTotal Output/acre, we soe that it shows a significant
difforence in Bugarcane, tho excess being of the erdey 15%. Thus ve
se8 that under the Burvey method tho exponses have ugually been
reported groster and that the excess doss not follow any regular
pattarn. Thus the possibility of adjustment in the Burvey figures

by some prodetermined process ia ruled ocut. Hence 1t would be
advisadle to employ the Cost Aceounting method for collecting the
primary data despite the cost invalved.



8.1 The third part of the presont gtudy conternyg the sampling
design viz. thse esbi;&ﬁlon of the sample gige for a given precisgion.
In the present survey there are 20 viilagas with 10 holdinge melected
from each village. Th2 purpose of this section is to estimate the
total number of villagaes to be gelected as also the nuanber of hold-
ings in ea¢h mslected village so that the percentage standard error
of the astimate (of the population mean) ig pome pre~assigned quantity
say p (The usual values of p heing 0.0 and 0.01).
6.2 Lot Yeys bo the J-th holding of i-th village in the t-th
stratum. As the villages have boen selectod with probability
proportional to tho arda, let Pyy be the probability of gelection
assigned to the i-th village in tho teth stratum (henceforth to be
denoted by (t,1) th village). If Ayy De the area of the (t,i)th
villago and 4, the area of the teth stratum,
we have Peg = Agy/Ag

Lot Ry and Ry denote the corresponding (eultivating)

popunlation fipgures.

B
ti 1
Lot Beig = El.;- Feq Te4s

Ag the aoctual values of Ryy and Ry are not available,

agsuming Rei oo Apgy we ovstimate (Regy/Re) by (A,,/4¢).

A4 1

Lot 4 be the numsbsr of strata in the population,
Hy Ds the mumbar of village in the ¢=-th stratum,.
Meg Do tho number of holdings im the (t,4)th village,
n, ©be the numbsr of villages geloeted from the t-th stratum,
mys be the mamber of holdings selected from the (t,4)th villaga
Purther, lot

E. . ba the lation mea
. R S R R S —
Et‘.
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Byq, ho the mean of the (t,4) village

4 be the sample estimade of tho population mean

Zy(nt) be the sample estimate of the mean of tzgrgzgg
" Epy(mr) be the sample estimats of the mean of the

{t gi) i-th ?ﬂl&geg

i Yag
Thon  Beglaea) ® === T Py

gives ad unblaged estimate of the (8,1)th village mesn.
8inilarly the unbiased ostinmate of ths t-th stratum mean is given
e

- '
bI Zttmr} T W ? zri(ht-.;)

Honee thae unbizsed aatimta of the population mesan is given by

z - 'z'_ M Tt
6+2.1 vhers At n Pt, f&ﬁr .
and $ts variande ig givem by
¢.1.1 V(E), =k_éf- - [ &y Z P S Hie) St |
wheve  op, = ?E Vl‘c (Tee, — 2 )
Y 'z}’_ (zee- Zte)

It moy be romarked hore theat as we are interested in the sample
s1zo of holdings vithin a village and not within a group of holdings
{(which is arbitrary) of a villaga, we sonsider tho ton heldings in
esach village to be a randdm sample oud of all the holdiangs of the
village.

The osticate of (B) 48 given by ¢

- he L
423 Eab V(Z) = % - At
X L‘—; - _ 8
whe v ' Aep = ":r_:' 2; z'h'LWn-; -~ 2(’(0\1—}}
Alad I I A B
e S L o2 el el Ak
ol Easf Slh - Atl'g LS
- | \M Z -2 )j
br.s wheve A_t\; = 'u:'_- %. Ty Clws
! - k
uﬂiﬂg (50304) Ed V(j'} - t Lo——- ‘e \'\ f LJ;;‘ [‘1\7\ )Abl ]

or noglocting l/i-iu whiah 18 s!nall coapred to 1/mti wo have
K \ht r
Bat. V(l} = L C'"'E'b PR A& }

ot Py L' '\'\-\L
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Evaluating &+, and 4 from the sacple,)substitute in (6.8.6)
which is & function of ny and my4» For a giyaﬁ procision, fixing
M4y WO got tho corrospounding vaiws of ng.
In actual practico, wo put Dy © B 1.0. yg galest tip sahme mumber
of holdinzs froam each village. Then putting = Bey and
(1/nt)"z::*93u = Vgy vo havo

Bat.V(z) = ?z;—);% (By + We/m) whero Be 48 tho (6:iB.T)
betwoen villages neans sguare and Wy the within villages (pooled)
mean squaro for the teth astratum. Freom (8.2.7) wo can doteraina
tho mumber of villages with a given precision for sach stratum
separatoly. Adding theses we get tho overall sample aize. But a
batt r approach, and the one vhich is usuelly adopted 4n such
gurvoys, 48 that wo determine tho ovarall sample sizs (n,m) and
thon allocate n over the difforent gtrata according to plan say
GeBe oqual or proportional allocation etc. Thun assuming (Bg + Wy/n)
to bo uniform over the st¥ata; we have,denoting (By + W./m) by

(B +u/m),
Bst. WE) =2 e o)L S;

= (B ¥ Wm)?::_- (T

(B W/m) £ & ($5)  putting ny < Ht.
8] m

2 (B+W/Mm) 2 -

= (EntB
= 1/n (B + W/m)e
- B Y
s'a.aioe. Bgt. V() = - * .a-ﬁ

6.3.0 Thue wo have

(B/n + ¥/on) = VO _
where V, is the given varienco, B and W being known from the
sample, fixing n.n can be dotermined., In this way wo shall have
a table of valucs of m and n. Hov tho most important considoration
in any survey, is howover, the cost involved. The simplest possi‘bia
cost function that wo may congider for our gurvey is of the typo



8 71 3

6.2. 10 Co = cqn * coun
vhore o4 1s ths cost por village 4nd og is the cost per holding, being
takén to be the samo from village to vs{ilage. The constant cost factor

146+ overhead cost or the cost of mai&pmaca at the headquartors is
onit¥ed for calculationse

How for least cost, wo have that
{B/n + W/mn) *+ Mlcyn + cgmn) should bo minimum.
Minimigstion gives
= [3/pe1 an = [W/peg
1.6. n= J S
Substituting for m and n in €(6.2.9), we have
(,,rg}-*;-; + Jh@ﬁa) = ¥y

Ve
Therefore Jr = BT+ JWE

f.e. ns TR LT v B w2
602011 _r

and muJ%C

putting e’/ﬁa 2 G,
Thus we got the optivum values of n and n.
1f wvo wish to detérmine the optimum values of n and n for sach
stratun, we use (6.2,7) and (¢.2.10).
®oOar R
Thus Z 5By * Wg/me) ¥ 2(oqmy + egiyny) should be mimtmum.
Hininisation gives
mg = b/ By/pes tyty = 2o Wg/k o
1.0 ﬂt = w" c‘

Br Axt

Putting for mt and ng 4n

: (Bu + Wg/m,) = Vi, we bave
)t I/Un, (Bt + wn BrCL s v

s e By Wr: o'
[
1060,4/”‘1 - k(ﬁ *JW% —:;' ) = Vo'
vﬂ

I—:iﬂ — . -
4 t';:)\k(JB&'*J—_&ZL)



Thereforo

6.2.18 .
and mt e / 44 »
! b

It may ba noted that my ie used in place of me Uhat ve ?
in practlea is that wo datermine m, for each gtratum and then take 3
the*a?eragﬁ as the value of m. Wa thus have determined the optimum g'
valios of a, and @

The calculation of sample size will be done on the basis
of Qquation (6+2.11) but to fllustrate the stratumewise calculations,
ap%a cases will bo worked ocut on the basis of squation (6.2.12).
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6.3 & " Bl
Fote: n denotes the number of villapes required te bo sampled and

m denobes the number of holdings required to be sampled in each
polected villago.

Table 6.1
gheat
(1) Human Labour
8% 8B, 18 8.8,
o u frijed n R
1 67 67 1660 1660
2 44 88 1091 2182
3 36 108 801 2703
4 33 133 807 3328
B 30 160 750 3780
8 29 174 1 4266
28 28 186 635 4999
8 a7 216 , 664 5312
9 26 234 649 5841
10 26 260 636 6360
1 28 o T ars 623 6883
13 25 300 817 7404
0 gize  (minimum sogt |
q ) n mR n Qan
2.0 2 4% 86 1059 - 8138
2.8 3 41 123 1010 3030
3.0 3 39 117 068 2904
3.9 3 39 114 934 2803
4.0 3 37 114 507 8724

where ¢ = of/eg , o1 being cost per village and e, the cost per
hﬁlding °
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Table 8.2
Yheat,
Bullook Labour )
8% G.8¢ B 1£ &.B.
@ n an on nn
1 04 68 . 2339 233¢
| 84 108 1331 2668
3 40 120 995 2085 *
é 33 138 : 837 3308
8 29 145 . 926 3630
6 a7 162 €59 3084
i 28 178 611 4277
8 23 © 184 878 4600
® 22 198 847 4833
10 .21 210 824 6246
LA ) - BN 506 5566
12 20 240 491 5892
¢ o n an
2,0 4 36 144 804 3376
2.8 4 34 136 833 3332
8.0 8 32 160 769 3048
348 8 31 168 754 3770
4.0 8 20 143 726 3630



Hhegt
Total Input

0

1

2

3

4

5

3]

7

8

9

10

1

13

e ™
3.0 3
25 4
3.0 4
8.5 -3
4.0 5

B 3

Table

8% S«Be

GedD

3 B.B.

2166
1872
973
a2
734
675
833
600
575
556
829
835

e89s
896
8581
819
187

2166
2544
2010
3206
2670
40950
4424
4800
5178
5550
5629
6300

i+

2874
3584
3404
3260
2939
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khaeat

Total Output

2.0
2.8
3.0
3.0
4.0

mmqamomm-ﬁa

74 1

Table Ged

8% BYE.
n

38
22

19
18
18
17
17
17
17
17

ar
26
25
24

1% s-ﬁ*
n

939

643

847
469
470
451
438
437
419
413
408
403

676
641
617
507
561

) %

931
1286.
1641
1996
2350
2806
2066
3416
3771
4130
4480
4836

1352
1283
1651
1791
1773



Buaarcano {planted)

2.0
2.5
3.0
3.9
4.0

Human Labour

b

O O W' B & W m

m s

Table G5

8% S.B.

87
126
163
184
210

té2

156
204

1 8.8,
n

2404
1555
1372
1130
10486
889
048
918
894
898
860
847

14823
1598
1338
1201
1253

2404
8110
3918
4520
5285
5934
6636
7344
8046
8750
9460

10164

4446
4184
4140
3873
5012
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Table
Burarcane (planted)
Bullock Labour :
54 5.B.

n n
1 170
a o7
3 70
4 87
8 40
6 43
7 26
8 36
9 34
10 | 32
11 31
13 30

¥

c m
2.0 8 52
2.9 6 48
3.0 ) 48
3.6 6 43
4.0 " 41

6.6

mn

179
194
210
228
245

270
358
287

18 8.B.
n

4464
2428
1740
1409
1206
1070
873
800
844
%69
762
731

1286
1100
1121
1086
1022

an

4464
4854
52497
5636
86030
6420
6811
200
7568
7080
8382
8772

on

6430
7140
6726
6363
7154
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Table 6.7
gugareans (planted) ”
bead
8% SeBs ' 15 B.B.

m - nn n nun
1 40 40 084 - 984
2 28 56 683 . 1368
3 24 72 583 1749
4 (¥ 3 as | 533 8133
8 24 103 503 2618,
6 20 120 483 . es%s
9 19 132 468 3€83.
8 19 182 438 3664
9 18 162 450 4050
19 180 443 4430
438 4818
433 5196

c o n mn
2.0 2 30 60 - 723 1446
2.9 2 28 1) 687 1374
3.0 3 217 81 661 1983
3.8 ) 27 78 638 1917
4.0 3 25 73 633 1869



Sugareans _{planted)

2.0
8.9
3.0
3.8
4.0

LIS

Table

Fertilizerg ant Manures

W M 2 O @ s s - B

wh b
-

12

n
4
4
8
5
8

5% 8.8.
n

264
151
113
94
83
78
0
éé
63
60
58-
57

6.8

264
308

339 -

376
423
450
490
528
567

18 8.8,
fi

ases
37823
2820
2348
2066
1877
1743
1642
1563
1501
$449
1408

2066
2390
2264

2184

2086

é588
7524
BAEO
93u8
10320
11362
13201
13136

14067

15010
18939
16873

10264

| §580

11320
10820
10426

e

-



Eugarecana (planted)

fl

2.0
.8
3.0
3.9
4.0

Total input

-

O O w6 & o o w b -~ B

t 81 @

Tableo 6.9

1,

68 5.Bs

nn
55
72
90
108
129
144
161
176
168
210
231
252

1% BB

1376
902
745
666
818
587
564
547
534
520
6156
508

881
8s2
797
770
747

1378
1804
2233
2664
3000
3522
3948
4376
4806
5280
8665
6096

2643
2496
2391
3310
2241
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. Tablo 6«10
Sugarcana . (planted)
Total Output
BE EeBe 1% 8B
m n mn n
1 03 93 2318 2318
2 66 132 1632 3284
3 87 171 1403 4200
4 82 208 1289 8456
B 49 £48 1220 6100
6 49 283 1193 7080
7. 49 323 1142 7694
8 4% 360 1104 8832
44 %96 1099 o801’
10 44 440 1083 10830
43 a7z 10M 11781
1060 12220
¢ ) n my.
2.0 2 71 142 1784 3508
2.8 3 67 134 1667 3334
3.0 2 65 130 1604 3208
3.8 3 63 189 1658 4665
4.0 3 61 183 1516 4548



gram

Human Labour

2.0
2.5
3.0
3.9
4.0

3 83

Pable

5% B.Be

158

L]

6.11%

183
178
186
204
230
234
252
264
27¢

258
246
2%

1% 8+B.

3861
3133
1544
1254
1080
264
882
820
71
733
701
675

1205
117
1034
1003

863

on
3861
4246
4632
5018
5400
5764
€174
6560
6039
7330
2711
8100

oan

6025
5580
6324
6018
8778



Gran

Bulloeck Labour

2.0
2.8
3.0
S 9
4.0

¢ O g ¢ T & 8 B -~ 8

¥ 84

Table

88 B.B.

161

3

6.18

151
160
168
180
188
1e8
203
216

824
194

1% 8.8.
n

817
1095
1401
1104
926
807
732
859

870
837
510

833
766
717
§80
640

3
3080
4203
4416
4630
4842
Boé1
5378
5481
8700
5907
6120

4003
5358
5018
B5440
5841



Gran

Total Input

2.0
2.9
3.0
3.8
4.0

o
1
2]
3
4
S
6
?
8
o

y 85

Table

6% Bl
n

"
43
30
BS
20
18
16
id
14

'

6.13

nn
77

o0

86 -

108
118

14 B.B»

1914
1031
756
589
501
842
400
268
344
324

809
470
4423
420
402

1214
20623
2208
2356
28505
2652
2800
2544
3080
3240
3380
3540

2845
2820
2652
2840
2814



Gran

Total Output

2.0
2.9
3.0
3.8
4.0

Table

5% BeBe

186
100
a2
72
67 .

4 % 8 &

66
8g
B4

2 AY
o8
8%
85

es

8.14

156

246
316

19 BeBe

3887
2494
2030
1eq
1638
1560
1499
1449
1410
1370
1354
1883

2243
2209
2113,
2037
1976

mn
3087
4985
6080
7188
8200
9380
10493
11882
12690
13790
14894
19090

7020
6687
6339
6111
7904
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6.4

fote: The poresntage standard error is for the ovepall sample .

Yheat

Baman Labour

2.9
2.5
3.9
3.5
4,0

L I S - I~ N T - |

Sugarcane (planted)

2.0
2.3
3.0
3.3
4.0

Hgman Labour

3

e s W W

5% SeB.

0y DNz Ba
14 4 19
14 4 10
13 4 10
13 4 10
12 3 9
12 8 21
tt 5 20
11 8 19
10 5 19
10 4 18

&ﬁdﬁ@hg

19

18

18
17

Table
n mn
33 132
32 128
3t 123
3 124
28 112

Table
88 174
58 185
53 159
52 156
49 147

8. 15

.16

1% 8.8.
ny ng

350 @0
330 B4
315 81
312 89
294 75

284 118
268 112
236 107
247 103
240 100

n3

260
246
234
231
218

525
496
474
458
444

1y
05
8¢
85
84
80

501
473
4563
437
426

795
748
716
707
667

1428
1349
3200
1243
1208

3180
2993
3575
3535
3338

42684
4047
3870
4980
4832



Sungarecans (planted)

2.0
2.5
3.0
3.5
4.0

Gram

Total Output

1 2 < T 7 N TR - T - |

Human Labour

2.0
2.5
3.0
3.9
4.0

@ 1 3 &

5% 8.8.
By By
12 1

11 10
11 10
10 10
i ©

14
13
i3
1
11

& o b O o

16
15
14
13
13

8§ § 8RS

& D Hho;

Table

n mn
74 148
7% 140
68 204
68 1¢5
63 188
Table

40 200
57 222
34 238
32 224
32 298

6.47

6.18

{8 B.B2.
oy By
284 259

270 246
260 237
252 230
246 224

331 117
307 108
289 102
2797 98
264 63

B3

530

483

470
458

389
360
339
325
310

By

716
681
636
636
620

107
99
94
g0
f=1:]

o

1789
1701
1838
1688
1548

944
874
824
790
753

3578
3402
4914
47¢4
4644

4720
8244
5768
5530
6024
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7.1 The fou~th part of the study concerns the gain in precision
of the estimates and usgefulness or otherwiss of the stratifiocation at
tho ultimate sampling stege ns adoptod in the survey.

In cach selected village all tho holdings were first arranged
in the order of the toetal arsa of holdings The holdings wers then
divided into five equl groups, the Ipt onoc~-fifth of the ordered holdings
foraing the f£irst grogp, the second one«~fifth tho gacond ons and so0 oOn.
From each group, two holdings wore geloected at randem and thus a samplo
of ten holdings was seleooted from the santire village. To fird cut
vhother such stratification leads to any gain in precision of the estimato
of the population mean, we evaluate the gain first theoretically and
then estimate the same from the samplo selectoed. The gain in precigion
s the varlance of the estimate of the population mean without taking
into consideration the atratification of the holdings minus the varianco
whon the stratification 28 taken into acoount. The procedurs is as
folloust

Let zgquy ropresent the J-th holding in the u=th group of fho
i-=th villapge belonging to the teth stratum.

Lot Lgy be the numbor of groupg in (t,1)th village,
Hyqy be the number of holdings in the u-th group of the
(t,i)th villaga,
Oygy, Do the nmmhér of holdings selscted from the u«th group
of the {£,1)th village.
Tho yost of tho gymbols uwsed in this section bear the same meaning as
in the previous section.
Considoring tho sample of holdings selected from a village as a simpls

random saupley we have the variance of the sample mean, Z, given by

- ‘ )\( ~ s
70101 V(E),, = _’ [t TP (- e S
ﬁh@r@ G\;tb = “l’-| Z— (Ztt = Et“,. JL
Tel1a2 v / et Me, v
Ste ® e X (Frg - Tec) '
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vhorgas tha same expmssmq‘when the sample is considered a stratified
pgample, hocones

SN T+ 8 P T U B fre S
Ta1e3 V('ﬁ}a o Er"';"g [ TE + EJ ko E—;I Mo Mroo ’bh‘u ("\.u}

W Ay b Peiu ] . w

)y he e
- L-Z “\f\%[ c—tb +—%’ Ptt‘ E-—;' L '“"h\, mt':) P{'\'u S {“\'u]
vhere
#hu 1 ME&Q/M!";

7¢1.8 L i Plegy

into tvo components viz. batween groups mean square and within groups
moan g8guarde

HW Lt‘ My ey Mbva g
u}:{ E(%iua " ge,'". = ggt%im %3’“"' ¢ ﬁtiﬂa ﬁtioa)
f.0,

o ke
(Mgq = 1) Sat‘t = E(ﬂ‘hiu - 1) 8gn * Eﬂtﬁa(%ma
Wwhera 244y, 46 the populatiocn mean of the u-th group of tho i-th
village in the teth stratum and similarly for Zpg,, ote.

- Ztg..)

Mby =~ ) Mbeu o e Mo
Asguning —o L vl LS
ve have N . .
718 -St'g = X Phu u.\+ Z rh“ (_Z{- "‘z{:'?._‘../
uwt

Ag tho groups are all oqualy we have Mg, ™ PyeyBey 129. w0 havg
proportionate sampling.
Thus (7.1.8) becomas g " "

Wdg = L8[ 5+ I P G ) E e S

£ ).; - e _ _ .
Te1.8 o E "';'\t-[ G‘tg*f*:l::' H"éﬁh."’mw){sbl'“%—;PW‘"{zttur‘z boae) i}

with tho holp of (7.1.8).

Eubtracting (7,1.6) from (¥.1.1), we have the gain ngan by

?u107 Wy = B, » & 25 F Pl ) B pove (o 2eca]
Tho asbtimato of {'?n‘i.'?) wn.l give up the votimate of the

gain in pracision and for this we have to estimate %E Pein $Bpgn, “Bif

T¢8 To ostinate ;,: Priy (Bpiu, - Toi.,02 we pr:ocaad as

folloupt

Lot - -
¥02: 1 ztiu(mtiﬁ) = Zr4u. + €.
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(Hote that Bpyy, 19 the population value whoreas Byju(mey;) 18 the
sumple estimate)

where B (6.) = 0 and

7242 - ]
B (é“) = (-';_v\-(_r*-

| L
T, Stiw

-

8quaring both sides of (‘?.2.1), we have, taking oxpectations,

E[Z \.\AU‘"\'\&)I ‘Z-{Wu- + { YV'(‘,:...—'_ ml_“‘/ > t-““
[ v ) i L
702.3 e f‘Lt.:rPh‘u{_ﬂu(nti“)J - Z—_ fl.\hl-\(u -+ 2__ Ptgu( ""l’“ M-:_-“f Sl"\.
Transposing, we have ‘ b
(RN '
. . - y 2
7.2.4 Fof 3 PtonZ foue = E bty Thw gy, E—_ f’ YU e M, e
L]

.
-4.Eyf-:t'.q" AL

Algo we have, from (7,2.1)
L - - . Fre. e
T pree 2w T & brow 3o+ I

4 -

(R [

N € .
7.8s8 'V Lt v o = Zhree + Z: Ph - Lo
e

he 6 i+ 2J. oo 2— [ eu
Squaring both sides, we havo 2ze ..~ ‘z_n.ﬂ‘_ f’hue“ g P prea L u-f

|
Taking expoctations, wo have, putting B {(¢u&) = O, as u and u are
indepondent,

. - Lee o | (L\ "
7 . = Z.ten ke o ¢ :
742.8 E[ 1[‘.{«h.1_| ¢ * E:-.q PL: Sty Midw
“ — L i -
- - — A Y L T
7e8e7 e Eu lr.. = Ze Gy, EP e M’ e

subtracting (7.2.7) frems (7.2.4), we have

L
Ley

2.2.8 Eod z_ f’fw (Ztows — Zre. ) =T Phuizl“;‘(‘\n& u,""htmru}
o el b s ) A

1)

sub%utuung in (7.1 9?)’ we have tho estmats °’E tho gain as

Z. M- %— L_- - "-— }[E Ph“ilh“("‘"l‘ W) R ‘Wl'\} bl t’t uLl /’hw(wh Mru}AG“'
vhich (uhen hlu and g4, are lerge) mayt de writtes as

L
3 bt At L w * I
— }I‘.’ l i) =~ - - Ay
Y - — L, 2. N 2 A i - . N LI'FT:;\. — -
7.2.9 t,:_-. e 2:: ol 0% {::- AZ. feu tou) b u " ) B W
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7.3 Having obtaindd the oxpregsion for the gain in
precision of the final estimate duc to stratification within
a villago; vo procesd %o aetually ealculate the same for some
of the najor factors e.g. Human kabour/acre, Dullock Lebour/
acre, Total Input/acre and Total Gutput/acre for "nihaé,ﬁ,
Sugarcane (planted) ond Gram.

The figures for the above factors are given as followg $

Crop Factors (per acre)
(1) Wheat Hyman habour
(11) " Bulleok Labour
(111) u Total Inmpub
(iv) " Total Output
(v) Sugareang Human Labour 2.08
(planted)
(vi) @ Bullook Labour 7G5
(vii) a Potal Input .16
{viii) " Total Output 2.1%
{4x) Gram Humnan Lsbouy 0.00
{x) " Bullook Labdbour 0.00
(x1) " . Total lzpus 0400

(xi1) " Total Qutput 21,88
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7.4 ¥rom tho above f;guras ve obgerve that, on tho
average, therc is practically no gain duo to stratification

of holdiﬁgs within a villags. We may thus concluds that
stratification as adopted in the present survey does not

yield any gain in precisidn. PFurthor, it also does not hoelp

in the estimation of values for spocific size-classes of
holdings, sinpe the range of stwrata sizes 1s not fixed but
varics from village to village and adjustment for thesge wvarilabls
strata compliocates the estimation. The posaibility of stratifi-~
cation of holdings within villagaes according to predetermined
sigze ranges, 9.8+ < .8, <85.0 aere ate. nseds to ba oxplored in

order to faoillitate estiamation according o specifice gtrata

slzad.
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8 U M M ARY '}

8.1 Although the studies qnitﬁa varioug aspeots of fara
management started in the Western ;ountrias in the beginning of
the prescnt century and have since been getting considerable
importance, in India no genersl efforts seem to have hssn made
in this direction. Whatevef'daﬁé'ﬁere colleated, cﬁntainsd
information on some specific items only. No broad-based effort
was made till very raecontly when the scheme 'Studies in Zconomios
of Parm Management'! was started, with the objective of collaceting
primary data on various cost and production aspects of the farm

management and for comparison of alternmative methods of colleating
the data.

. ol )&e '
8.2 The present study,{dsedribed in the previous sactiong;>
deals with four aspeots of this ! '
1. In an effort to find out the fuhetional relationship

axisting betwoen the factors of input an the one hand and output
on the other, various production functions have been discusssed.

Of these, the Cobb-Douglas produstion function has been fitted to
all the oropa although, sometimes, the quadratic function has alse
bean trisd. We 4o not sucgeded iﬁ.arriving at a oclose relationship
for the reasons that

(1) the first yoar data (used hare) may not be of the
rehnired standard and guality,

-

(11) thae factors comsidered in the varioug functions may
not be the cnes actually contributing towards the production ami
that there ars some ‘extraveous' factors e.g. climate, soll-

fertility ete., which need be studied.

2. In the case of comparison between the Cost Accounting
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and Survey methods of collecting the primary data, the comparison
was made ln two ways. The first type of compsrison was made on
the basis of independent villaeges and the second one on the bagis
of common villages. The two typss of comparison €0 not yield
1dentical rasultsy there bdeing mors results significant in the
latter type which is to be expected) there is no contradistion
in the two types of comparison l.e. they give similar resuits.
The mothods were found to differ in almost gll the factors bt
the difference is guite marked in the case of Bulloek Labour/acre
and Total Input/acre, the execess being in favour of ths Survey
gethod.
3 In the case of cstinmation of sample size for the various
strata individually as well Jointly, sample sizeg have bden
caleculated for different standard errors viz. 8% amd 1f.
4. In the case of estimation of gain 4n precision and
usefulness of the stratification of holdings in a village as
adoptod in the gurvey, it has baen found that there is praetiecally
no gain in the modo of stratification within the primary sampling
units (as adopted).

The possibility of the usefulness of stratification
according to fixed size ranges needs to be explored.
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I am also grateful to Dr. B.V. Sukhatme and
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