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DETERMINATION OF AGRICULTURAL PRODUCTIVITY IN A
DEVELOPING REGION: A CASE OF WESTERN UTTAR PRADESH

Mahabir Chand Thakur, New Delhi

ABSTRACT : The results of regrcssion analysis establish that agricultural productivity
is determined by the use of modern capital inputs and yield augmenting biological inputs,
Mechanization representing tracters, oil engines and electric lrumpsets emerged as an
important factor but the addition of variables like gross cropped area and chemical
fertilizers coDtributes significant increase in the explanation of variation in land produc-
tivity. Further, the role of mechanization and biological inputs in determining produc-

tivity has enhanced during the years 1962-65 and 1978-81.

INTRODUCTION

Spa.tial pa.ttcrns of a.gricultural producti-
vity is a.n enterplay of multifa.reous environ-
mental, tech.nologica,l and institutiona.l fa.c-

tors. Physica.l environment such e.s soil
clima.te a.nd rclief impose certa.in broa.d

limits with.in wh.ich. a pa.rticula.r crop may be

successfully cultiva.ted, but that the sca.le,

intensity and extent of production within
th.ese ph.ysical limits is cletermined by econo-
mic considera.tions, levels of technologica.l
i nnova.ti ons a.nd preva.i ling socia.l i n stitut ions.
Physic".l environment alone does not ade-
quately explain pa.tterns of a.gricultura.l
productivity. It is the intera.ction betwcen
ph.ysica.l and techno-economic fa.ctors tha.t

determine overa.ll variations in th.e levels of
productivity

In the past, th.e tendency of tire most of
geographical studies of agricultura.l patterns
has been to stress on th.e role of ph.ysica.l

environment, The emph.asis on economic
considerations is rela.tively, a recent trend
( Shafi 1960, Singh 1972, Raza 1981, Moh.a-
mnlad 1981 arr.d Casetti et. al l98l ).
This paper is diffcrent in its empha.sis ma.inly
in two ways. Firstly, it a.ttempts to examine
spatial patterns of composite agricultura.l
productivity per hecta.re of land by ta.king a.s

much a.s eigh.teen crops into account.
Secondly, the paper tries to observe the
relative importance of selected ph.ysical a.s

well as economic variables in determining th.e

levels of agriculturi-.I land procluctivity.
Moreover, th.e study a.lso pla.ccs cmpha,sis
on ch.a.nges in spatial varia.tion in a.gricultural
productivity a.nd th.e role of influencing
variables over the selected yea,rs.

Thus, th.e main objectives of th.e study a,rc :

( I ) To work out spa.tial patterns of
a.gricultu,ral productivity in tcrms
of money value.

(2)To exa.mine th.e rela.tive contribut-
tion of cxpla.na.tory va.ria.bles in
determining th.e levels of producti-
vity.

( 3 ) To observe ch.a.nges in spatial
pattern and the strength. ofinfluence
exerted by explanatory variables
over th.e yea,rs.

THE STUDY AREA

Western part of Utta.r Pradesh comprising
nineteen districts of the sta.te h.as bcen selec-

ted for the present investiga.tion. Th.e rcgion
lies between 26" 21' a.nd 30o 23' N la.titude
a,nd 77o 4' a.nd 80o 26'E longitude covering
a.n a.rca of 82189 sq.km. with a. population
of 3,93,56,803 as per 1981 census. It
constitutes th.e pa.rt of upper Ganga. pla.in
chara,cteized by a.lmost a monotonous
relief sh.owin.g littlc geomorphologica.l varia-
tions. The soil of the region is fine grained
both. in ' Kah.ada.r ' ( i.e. new a.lluvial ) and
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' Bha.nga.r ' ( i.e. old a,lluvia.l ). It receives

r.n e.verrgc R.nnur,l r;rinfa.ll of 83 centimeter.

Th.is e.gro-econortic rcgion of the sta.1c is

pla.ced on pi,.rt with Punja.b a.nd. Ha.rynn,.

with respect to diffusion of green rcvolution
( Bh.a.lla a.nd Ala.gh., 1979 ). This pr.rity
secms to be quite appropliate r.s substantia.-

ted. by the proportioua.l sh.a,re of r.vestern

Utta.r Fra.desh. in the str.te's a.griculturr.l
production a.s well a.s a.doptiotr of high.
yieldin.g va.riety of seeds, ch.cmica.l fertilizcr,
mecha.niza.tion of agriculturc and d,evelop-

ment of irrigi,.tiona.l fr',cilities. [t a.ccounts

for 36.90 per cent of th.e tota.l cropped area.

sha.res a.s much a,s 61.50 per cent of gross

a.gricultura.l production a.nd a.lnrost ha.lf
(i.e. 49.20 per cent ) of gross irriga.ted a.reit.

It a.lso concentra.tes 60.66 per ccnt of tl'.e

totir.l tra.ctors, 5l .95 per cent of the irri-
ga.t;onal pumpsets, 38.48 per cent of the a.rcr.

under high yielding va.riety of sceds a.nd 45.05
per ccrlt of tl-.e totr.l fcrtilizer consumption
of tl'.e state. On th.e contre,ry, its propor-
tiona.l shr.re to th.e total geogra.phica.l a.rea.

cofi1es to only 27.92 yter cent. Thts reflects
sign.ifica,nt h.ea.dway th.e rcgion" h.as ma,cle in
th.e lield of agricultural development.

METHODOLOGY

The study is ba.scd on seconda.ry infor-
mation.s collected from government publi-
ca.tions like ' Estirna.tes of Area a.nd Produc-
tior-r. ', 'Agricultura.l Situa.tions in India. ',

' Fa.rm ( Harvest ) Prices of Principa.l Crops
in India.' a.nd ' Utta.r Pradesh. ke Krish.i
Ankare '. The unit of the study is district.
At prescnt th.erc a.re ninetcen districts in tl..e

re gion. The district of Ga.zia.bad we.s

ca.rvcd out of Ha.pur and. Ga,zia.ba.d Teh.sils

of clistrict lVlecrut during la.te seventie s.

Since t}'.e study includes the years of sixties,
the informa.tions of Ga.ziabad h.ave bcen
clubbsd together with tha.t of Meerut so

a.s to a.void splitting of da.ta.. Th.us, the
ana,lysis is ca.rriectr out for old eigh.tcen
districts.

Tlrc yea.rs und.er question a.re 1962-63,
63-64 a.nd 64-65 during sixties, 1970-71,
7l-72 anol 72*73 during sevcntics and
1978 79, 79.-80 and 1980-8I for th.c li,,st

tr;ennium of 1978-81. Th.rec yea,rs a.verr.ge
h.a.s lrcen rvorked out to elimina.te climatic
e.rrom.,lies. Thc yea.rs a.ro so selectcd as to
ca.pturc the situa.tions bcforc grcen revolu
tiort, immediatcly r.fter green rcvolution a.nd

rcl,ttivcly Iecent pr.ttcrns.

In order to compute a.gricultura.l produc-
tivity eightcen crops na.mcly ricc, jowa.r-

bajra., ma.ize, ra.gi, wl'.eat, ba.rlcy, gra.m, tur,
groundnut, scesamtlm, ra.pesecd and rnus-

ta.rd, lineseed, cotton, jute, pota.to. suga.rcane,

r.nd toba.cco h.t';e been sclectcd kceping in
view th.e a.va.ih.bility of fairm ha.rvest priccs

lbr tl..c crops concerned. Moreover, these

crops e.ccount for ?.s much a.s 85 per ccnt oi
gross cropped e.rca. a,n'l a.bout 99 pcr ccnt of
gross production. Tl.e productivity is corn-

putecl in terms of money va.luc by ta.king

farm h.a.rvest priccs of th.e yea.r 1970-71 for
convcrting ph.ysica.l valuc of production. Th.e

procccl.urc of computa.tion, is cxpressecl in
tl..e follorving notation ( Sh.a.rma, 1966 ).

n
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Y per hrctiirc gross vi..lue compo-
site productivity ( l8 crops )

Qr Physical producticn of a pa.rti-
cula.r crop during a. particular
yca.r

Pr Farm ha.rvest price for that
pa,rticula.r crop kept constant
ovcr th.c year

Al Area. under th.at crop.

Bcsides mea.n i'.nd sta.ndard devia.tion, co-
clficicnt of va.ria,tion h;:s also bcen ca.lculated
for a.ll selccted points of time. In ordcr to
tracc out ch.a"ngcs, perccntaga of a.nnual com-
pound grorvth rales h.as becn worked out,



The second a,spect of study involves the
a.na.lysis ol stepwise linea.r regression so a.s to
establish functiona.l rela.tionsh.ips between

agricultura.l productivity and its determi-
nants. The co-cfficient of determinants
( R2 ) and a.djusted co-efficient ( R2 ) are
obtained a,f each step of th.e regressiot ana-
lysis. Besides, th.e value of ' t' h.as also
been computed for testing th.e significance
level of regression co-efficient.

VARIABLES

The following expla.natory variables of
agricultura.l productivity were tried in reelres-

sion function :

( 1 ) Amouut of average a.nnua.l ra.infall
in mm.

( 2 ) Mech.anizalion Index-this compo-
sitc index wa.s rnorked, out by taking
into account the number of oil
engines, electric pumpsets and trac-
tors per 1000 h.ectares of gross

cropped area.
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( 3 ) Gross irrigated a.rea. a.s percenta.ge
to gross cropped a.rea..

( 4 ) Use of chemica.l fertilizers per 1000
hecta.re of gross cropped a.rea..

( 5 ) Number of a.gricultura.l worker per
h.ectare of gross cropped. area..

Agricultura.l workers include both.
ma.le cultivators a.nd a.gricultura.l
Ia.bourers.

( 6 ) Gross cropped a.rea.

( 7 ) Cropping intensity-gtoss cropped
a.rea. as percentage to net sown area.

( 8 ) Percentage area under h.igh. yield-
ing variety of seeds. Th.is variable
wa,s includ.ed only in 1970-73 and
1978-81 because HYV seeds were
introduced after mid-sixities.

SPATIAL PATTERNS AND GROWTH
OF LAND PRODUCTIVITY

Table I depicts districtwise a,gricultural
productivity as well as percentage of growth
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TABLE I
Spatial Patterns and Growth of Agricultural Productivity in Western Uttar Pradesh

S. No. DISTRICTS

l. Saharanpur

2. Muzaffarnagar

3. Meerut

4. Buland Shahar

5. Aligarh

6. Mathura

7. Agra

8. Mainpuri

g. Etah

10. Bareily

I 1. Bijnor

1962-65

Productivity in Rs, per Hectare
Annual Compound
Growth Rates in o/o

970-73 over 1978-81 over
1962-65 1970-73

ll1r.46

1457.96

1228.30

607.4t

686.59

637.42

612.33

721.88

723.4s

860.88

I 093. l7

1 369.83

1892.28

I 655.53

1211.42

1030.68

919.64

7A4.01

887.62

8 7 3.65

937.11

I 382.65

2.6s

J.Ji

3.80

9.01

5.21

4.68

1.76

2.62

2.39

1.07

2.98

2.52

1.95

) 1A

2.47

1 n1

2.t7

3.29

2.to

0.98

3.26

3.02

1970-73 1978-81

1671.80

2209.37

1976.76

1472.06

1247.88

I091 .8 3

912.1I

1041.94

944.s8

1211.r8

17 53.53
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TABLE l-Contd.

S, No. DISTRICTS
970-73 overl
1e62-65 

I

Productivity in Rs. Per Hectare

1962-65 1970-7 3 1 978-8 I

Annual Compound
Growth Rates in %

1978-8I over
1970 7:

12. Badaun

t 3. Moradabad

14. ShahjahanPur

15. Pilibhit

16. Rampur

17, Farrukhabad

18. Etawah

684.92

825.76

707.60

894.5 I

822.08

822.48

'122.t9

847.80

225.18

26.61

95s.65

992.87

897.47

1052.67

987.86

968.06

964.39

111002

293.12

26 40

4.25

2.33

3.02

2.06

2.12

2.06

2.82

3.42

-0.25

4.28

3.43

4.02

4.62

4.00

1.20

', 47.

936.48

t 388.56

117 s.63

1443.49

11t7.96

1323.48

1060.81

1366.25

354.52

25.94

No. of Districts

1970-73

Mean

S. D,

c. v.

Productivity Group
1962-65 1978-81

Low-below mean*.0,5, S. D

Medium-Mean a 0.5, S. D.

High-above + 0.5. S. D.

Total

rate. While classifying districts in three
groups of lorv, mediuru and h.igh productiyity
on th.e basis of d.ispersion from mean
productivity, two main characteristics be-
came apparcnt. Firstly, the number of
districts falling in high priod.uctivity group
remained constal')t in all three points of timc.
Th.e districts of Saharanpur, Muzaffarnage.r,
Bulandsha.h.ar and Bijnor retained their
status of h.igh productivity all through..
Secondly, intcr district va.ria,tions in th.e

levels of productivity h.a.s tcnded to d-ecline
after the breakthrough. of new tech.nology.

4 4
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The number of districts having low produc-
tivity ha;s come dolvn to seven in 1970-73
from nine in 1962-'65. This trend is also

evident from co-efficient of va.riations which
decrea.sed, though. marginally, from 26.63
per cent in 1962-65 to 25.94 per cent in
1978-81.

The cha.nges iu inter district disparities
ca.n further be expla.in.ed through rh.e percen-
ta.ge of annual compound growth rates. The
average productivity of th.e region was esti-
nrated to Rs. 847.80 in 1962-65 which

9 n 7

5

4

7 7

18



increa.sed to Rs. 1110.02 in 1970-73 a.nd

Rs. 1366.25 in 1978-81. This grew at a.n

annual compound rate of 3.42 per cent during
1962-65 and 1970-73 smd 2.63 per cent

during th.e second period i.e. 1970-73 to
1978-81 . The performa.nce of growth during

first period has been conspicuous at district
level also; the high.est percents.ge being a.s

much as 9.01 in Bulandsh.ahar district. The

lowest was recorded by district of Barielly
( 1.07 per cent ). As many as seven districts

registered above 3 per cent of growth. ra.te.

On th.e contrary, the second period is ma'rked

by negative changes in productivity recorded

by Badaun district ( -0.25 per ccnt ) in
particular and a slowing down tenclency of
growth in general. The plausible explana-

tion of higher grorvth rates during flrst
period may be thc computation of grorvth

rates from a lowcr production basc in
1962-,65 while the growth ratcs for second
period were worked out against an alrcady
sound base obtained in 1970-73 as a rcsult
of ncw techuology introduced during later
half of sixties. It nay also be attributed to

Stepg Variables Intercept

1962-65-

Mechanization

Mechanization

Gross cropped area

Mechanization

Gi'oss cropped'area

Agricultural worker

Mechanization

Gross cropped area

Agricultural rvorker

Raiofall

63 1.38

847.15

1150.18
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gradually slackening of irnpact of green
revolution. It is also noteworthy that thc
districts with lorv productivity, barring a
fcw exceptions, havc recorded higher
growth rates during sixties as wcll as seven-

ties. Thrs hclpcd dccrcasc in inter-district
variations in agricultural productivity over
the ycars.

RESULTS OF RtrGRESSION
ANALYSIS

The discussion so far has related to average
characteristics and intcr-district variations
in agricultural productivity and its growth
ratL's. Thc analysis of rcg-rcss!on has becn
attcnrpted to revcal the factors responsible
for high or lorv agricultural productivity.
The analysis also tcsts thc hypothcsis that
thc intcnsity ol use ol mcchanical inputs
like chenrical fcrtilizers coupl:d with better
irr"gatronal fac:litics would, augment yield
lcvels. Regrcss:on cquations have treurn

fitted for all threc pornts of timc. The
yc-arw;se results are prcsented in Table II.

Coefficient R2 R-2

DETERMINATION OF AGRTCULTURAL PRODUCTIVITY

t

TABLE II
Determinants of Agricultural Productivity : Stepwise Linear Regression Function

ue't'Val

I

2

!
I

72.79

86.59

0.001

79.32

0.001

-422 20

81.81

0.001

-509.44

0.037

4.16*"

4.33**

1.33

3.97 * *

1.12

1.24

4.11* *

1.37

1.52

1.4t

0.5 r 99

0.570 3

0.5199

0.5I30

3

4

0.6127 0.5297

115 7.68 0.6641 0.5608
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1970-73-

Mechanization

Mechanization

Rainfall

Mechanization

Rainfall

Gross cropped area

I 978-8 1 -
Mechlnization

Mechanization

Fertilizer

In 1962-65, mechailization in agriculture
has emerged as the main determinants of
productivity as fairly a large pcrcentage of
var,ation in land productivity is explained by
it. Thc addition of factors likc gross

croppcd area, agricultural worker pcr hcc-
tare and rainfall to mechanization, though
their cocfficient was insigniflcant, raiscd the
cocfficicnt of rnultiplc correlation from
51.99 per cent to 56.08 pcr cent. The posi-
tion of mechanization as an cxplanatory
variable further consoliclated in 1970-73.
It alone explained as much as 73.41 per cent
of variation in productivity per hectare of
land. Rainfall and gross cropped area
marginally contribute to over all explanation
of variation. The intensity of use of modern
technology rcpresented by mechanization
and chemical fcrtilizers appeared still more
important in 1978-81. Mechanization

together with fertilizers explained as much
as 81.94 per cent variation. Three fourth
ol the variation is explained by mechani-
zation alone. The direct and significant
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TABLE ll-Contd.

Variables

I

2

t48,72

t48.73

0.34

139.39

0.39

0.00t

243.10

167.5'7

9.78

6.65 r *

6.93 r *

t.55

6.53 + *

1.83 +

l.5s

6.94**

4.31 * *

2.91*

0.1341

0.7707

0.8043

a-2

0.734t

0.7401

o.76!4

J

2

0.7505 0.7505

0.8r94

relationship of mcchanization and ferti lizcrs
with land productivity emphasizes thc
increasing importance of mechanical and
biological inputs in modern agriculturc.

The emergence of mechanization as the
most pronouncing determinants in 1970-73
and aftcrwards is primarily because the
intensity of tractor usc has incrcased marked-
ly after the advent of the Green Rcvolution.
Morcovcr, the addition of tubcwells to
tractors while computing composite mcchani-
zation indcx has also increased the explana-
tory power of the model in all three pcribds.
The rolc of mechanization in increasing
efficicncy and thereby promoting multiple
cropping, use of HYV setds, ch.emical ferti-
lizers is quite obvious. This ultimately
leads to rncreased pcr hectare land produc-
tivity.

RESUME .:

Recapitulation of observations made in
the context of Green Revolution establishcs

0.8407

** Significant at 0.01 level. * Significant at 0.05 level. * Significant at 0.10 level

Intercept R2't ' Value

646.s3

363.62

t 13.89

596.92

309.71



that inter-district variations in the levels of
agricultural productivity in Western Uttar
Pradesh has started declining. The rate of
change in productivity during 1962-65 arrd
1970-73 has been substantial while it tended
to slow down during 1970-73 and 1978-81.
It may be due either to computation of
growth rates against an already improvcd
situations in 1970-73 or to declining tcmpo
of green revolution with the passage of time.
Confirming the postulated hypothesis the
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results of regression analysis establish that
productivity in modern agriculture depends
on the intensity of use of both mechanical
and biological inputs. This became more
apparent in 1978-81 when as much as

81.94 per cent of variation was explained by
mechanization and chemical fertilizers. This
indicates towards a capital intensive agricul-
tural structure coming up in a green revolu-
tion region.
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