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CHAPIER 1

INTRODUCTION

Indian agriculture is often described as Ypgamdbloe
vith the rains', It indlcates that water is a crucial para=
metre for any meamnﬂful agricultural activity. Prior to a
peint in the history of angicu;l:ﬁum developnent, vhen people
became awarc of and learnt the method of irrigation, the art
of growing of crops depended either on rainfall or the surface
flow, | In spite of great tochnological Breakthm#m :Ln seed,
fartilizers and farm mochanisation; vetor still persists to
remain one of the most erucial components of the whole ;;::sékage
of technologies available fér agricultural developrent,

Punjab is a typlcal case uhere water has trangformed the
agriculture to a large extent over tise, Agx*zcultum; boing
the backbone of the economy of Punjab, contributes over 60
por cent of its net domestic product, ot less than 80 per
cent of $ts population 15 dependent in ono way or the other
upon it,? 1 Tho soclo-econonic developnent of the state and
the ptandard of living of the people tainly hinges on the |
agricultural development,a Since independence, Punjad

1 Governnent of Punjab,
Plamning Departoont,

2 Governoent of Punjab, Draf 10l Plan, 197¢
(Chandigarh: Planning. epartmen, G713}y De |

Pa
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agriculture has made rapid progress and the state hasg amaréed
as the richest agricultural state in Indic both in terms of
grovth and development. The state of Punjab occuples the first
place among the states es far as economic development is
concerned as indicated by one of the most objective measure
4.6, per capita income, ‘

1.2 Statement of the Problem

The present study attempts to analyse the spatial
and teumporal development of agriculturs in Punjad and oxamines
the contribution made by the availability of water amd its
various parametres coupled with some other lmportant technolo-
ginal'iﬁgu%s. Punjab, being o deficit state in respect of
rainfall, has to depend on the other sources of water to meet
out the water regirement of arﬁpas An jnstitutional effort
has been made to compensate for the laock of roinfall by the
development of means of irrigation. The state possesses a
rich~surface water resource besides the ground water acquifers
which have been utilized for growing crops since a long time
back, It would be interesting to £ind out as to how the
various parametres of water influenced the agricultural produc-
tivity both spatially and teopornlly.

1.3 Ob;jecﬁimi
' The main objectives of the ‘study ares
(1) To ecxamine the temporal and spatianl pattern of cropping

in Punjab, _
(11) To oxamine the spatiol and temporal behaviour of area



{114)

and yield of vheat, rice, ma&ge, sugarcane, oil seeds
{rape/mistard and groundnut) and cotton, which sccount
for about 75 per cent of the gross cropped area.

To analyse the spatial and temporal pattern of #omposito
productivity of the shove mentioned erops in value terms

and its determinents.

(1iv)

(v}

(vi)

To exanine the frrigation facilities in Punjab over

To analyse the avallability of water from varicus paora-

metres over time and space,

To exanine as %o hﬁwAparametrms of wvater have contri-
buted to productivity along with other inputs over time
and £pace,

a+4 Hypothesis to be tested

(1)

(11)

{118)

The study attempts to test the following hypotheges:

Productivity is the function of availability of water
to the crops,

The water parametres become neutral after the attain-
ment of a certain level of water technology and the
variance in productivity is explained by other techno-
logical imputs o,g. fertilizer and seeds,

The spread of area under H.Y.V, and fertilizers
consumption is a function of the paramotres of water
available through irrigation,



1.5 Data Base

The entire work is based on the secondary data ob-
tained from various published sources, The basic data for
preduction, aren and yield of the crops has been taken fron
the Statistical Abstract of Punjob, Government of Punjab, for
the years 1960-61 to 197475, The area under high ylelding
varieties of rice, wheat and maize, the number of tractors,
the avallability of land per worker; average anmal rainfall
for years 1966 to 1975 have also been taken from the Statis-
tical Abstract of Punjab, Government of Punjab for the
various years. The data pertaining to average ennual rainfoll
from 1960-61 to 1965+66, for the districts, the mumber of wells
and tube wells, orop-~wise as well as ﬁmmﬂws;sé area irrigeted
have been taken from the "Irrigation Floods and Vaterlogeing
Statistics of Punjab, for the years 1969 and 197175, The
consunption of fertilizers in all the districts of Punjab
hag becn taken from two sourcess firstly, for the period
covering 1961 to 1968, from “Effective Demand for Fertilizers
in India%, lay 10, 1970, preparcd by V.B. Donde, Government
of India, New Delhi, and froa Dorris D, Broun's International
Benk for Reconstruction and Development, Hew Delhi, for the
years 1968-69 to 1974~75, and secondly from 'Fertillizer
Statistics, 1971=72, 1975«76, 1976~77' published by the
Fertilizer Assoclotion of India, New Delhi,

The data for discharge of rivers ~ Ravi, Beas and
Sutlej = have been obtained from the tables *Yearly Discharge,
Data of Rivor Ravi, Beas, and Sutle)®, prepared by Irrigetion



Department, Government of Punjab. The utilization of canal
‘water for various canal systems has been procured from
tUstlization of Different Canals in Punjab during khorif

and rabi' {umpublished), Irrigation Department, Punjab. The
nanber of canalg, and the yearw~wuige length for sach district
nave also been taken from the somo source, '

1.6 .Araa of Study

The area chosen for the present study is Pnnﬁab,
agriculturally a very advenced state of the country. Punjab,
lying in s seni-arid environ had depended for & considerably
long time on rainfsll for its agriculture and the cropping
pattern prior to the introduction of the irrigation bears
testimony for that. The rapid development of agriculture
owes mich to tho develcopment of cannl &rrigation which not |
only replaced the old persian vheel technology btut ushered a
nev era of agricultural transformation, The state of Punjab
as selected for the present study emerged as a result of
the state's reorganisation and sgeparation of the Haryana
state., For the poriod 1960-61 to 1964«65 there vere only
10 districts and from 1966 omwmrds district of Ropar has been
added to the 1ist of districts, The districts of Faridkot
and Ferozepur have been clubdbed together, because of the
recency of the 6reat£on of Faridkot, a tehsil of Ferozepur
district, for vhich data for the pericd of the study is not
available., The district has been chosen as the unit of
study due to the fact that productivity figures below district
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iﬁ?@& are not availlable and productivity being the most potent
indicator of agricultural develovment could not be substituted
by any other Inficator, Productivity is more susceptible
also to respond to the changeo 4in 1#93%5, particularly water
accompanied by other bioechemical inputs,

1.7 Coverage of the Study

The study covers a perded of 15 years spreading
from 1960-61 to 1974=75. An assessment of water availability
for crops in Punjab has beon done for fourteen years fron
196162 to 1974=75, vhile the behaviour of arca and yield of
some selected crops has been onelysed for the years 1960-61
to 1974-75. It is aimed that this temporal study for a contie
nuous peried will give o clear pleture of Punjad agriculturs
in the pre- and postegreoen revolution periods vhich is ’
associated with the high growth rates of ggricultural produce
tivity bocasuse of the impact of nov technological inputs.

The availablility of water is ¢alculated only for the years
fron 1962=-18975 as the canal discharge data was not available,
because the regulation Departnent got established separately
only in 1960-61. This shows that an attenpt has been made to
cover a ~eriod of roughly 15 years, or less for certain
indicators duc to deta constraints.

1,8 Hethodology

In order %o interpret the data and to test the
nypotheses a number of tochniques and methods have been used,
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The water availability has been computed for all the districts
_éar’eaah yaar with the help af’tﬁe volume of water avallable
from different spurces, The assessment of the volume of water
is based on a number of'aasumptiunSQ and of course, has certain
1limitations, The volume of water availab;e for crops from

various sources has been caleulated as followst
1.8.1 Volume of Cansl Water {VCu)

The canals are the main sourse of utilizing the
surfagce water for 1rrlgaiinn,inam¢at of the districts, The
availability of water from canals in each district depends
upon the dischoarge and the length of ¢aaalsw The data for
utilization of canal water for rabi and kharif is available
for each canal. It iz assumed here that the water of canals
will be distributed proportionate to the length of that
particular canal and the distributaries. Hence the volume
of total utilized water is divided proportionately according
to the length of the canals in the respective districts
vhich recéive vater from that canal. The water utilization
data is availeble in cusec days vhich ls converted into cubic
metres to maintain the unifernmity of scale.

1.8.2 Volume of Ground later

Since there is no standardiaa& method to asseas the
ground water and it ls also 41fficult to measure the wvolunme
of water available froo underground sources by any direct
methad, an attempt hos been made to deternine the volume of
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ground water on the basis of area irrigated by wells and
tubewells ahﬁ with the help of the potential evapotranse
piration data. For the purpose of calcuiation following

agssumptions have been madei

(1)

Li8)

(111)

{iv)

{v)

Vater available from the wells and tube wells should
be sufficient to meet the water regquirement of the
Crops,

The water requirement of the ¢rops is equivalent to
the potential cvapotranspiration of the area.

The area irrigated by wells and tube wells is normally
double cropped and gets irrigation in both the ¢rop
£0Aa80NS,.

Since water from rainfall will be available for all
the areas egually and it will be available for the use
of ¢rops it has been reduced from the water regquired
for evapotrangpiration purposes,

The potential evapotranspiration data used to calculate
the volume of groumd water is same for all the years
as there is not much variastions in the temperature
over the perilod,

Hence, the data for area irrigated by wells and

tubevells provides only the net irrigated area so as to
compute gross irrigated area by wellas and tubewells the
followving nethods is used:

GIA -~ NIA e Area irrigated more than once Assumed

that all the area irrigated by wells 1s irrigeted more than

15410200
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(1) If the area irrigated more tham once is less than
the net arca irrigated by wells, then the vhole thing
15 added in the well irrigated area to obtain the
gross irrigated area by wells, |
(11) If the area irrigoted more than once is more than
the arez frrigated by wells then to obtain gross
irrigated area by wells the net avea irrigated by
wells is doubled and it ig further assumed that the
‘excess area has been irrigated more than once by other
 source; |

EXAMPLES

Gross irrigated aren in Apritsar is 589,700 hectares
in 197475

et irrigated area is 372,900 hectares

Net orea irrigated by wells = 159,000 hectares

Area irrigated nore than once = 589,700 « 372,900
‘= 216,800 hectores
Since net irrigated area by wells is less than 215,800
hactares, it is presumesd that the gross irripgoted arca
- by wells will be (159,000 hectares + 159,000 hectares) =
318,000 hectares (as per our assumption).

Thus the volume of water avoileble in the district
from Ground water is -
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GAI = 318000 hectares

PET v 1501 om

Rainfall = 543 mm

VG = GAI by wells X PET -»Av@rage annual rainfoll
VEY = 318000 X 10,000 X { “Lipamed

= 318000 x 10 x 958
e 3066, 440,000
= 3046 milllion ﬁubie metros

1+8¢3 Volume of Rain Yater

Siﬁge rainfall is distributed over sll the culti-
vated area, the volume of the water available'fram rainfall
in the district will be equal to net cropped area X average
annual rainfall of the respective districts,

Net sown area during 1974~75 was 336,000 hectares and
the average anmial rainfall was recorded to be 543 mm.

Available Volume of rain vater = NAS x avorage anmial

rainfoll
Hence VRY o
VRY a 396000 x 10 x 543 cubic notres
VR = 2 1’49,88@,009 cublc netres

f.04 VAW = 2150 pillion cubic metros
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tith the help of the above computation it is easy
to work out the avallability of the total volume of water
which will now be as unders

-
VY = VCU + VGY + VAY

In order to know the total weter svallability in terms of
rainfsll equivalents in the district the total volunme of water
has been divided by the grogs cropped areas

Besides the volume of water and the availability of
vater per hectare, the coefficient of variability for the total
water avallability, rainfall and the discharge of river water
has also been computed in percentage by using the following
mothods

Copfficient of variation or CV o cueesemes X 100
_ %

Value productivity has been worked ocut taking the
constant prices of respective crops for the year 1974-75,
Intensity of cropping has been computed .hy working ocut the
rotio between net and gross cropped ares in terms of
| percentages |

S ,' . , _Gross cropped area »
(Intensity of Sropping = e Sropped aTen x 100)

The step~wise regression has been computed with the
help of computer, taking value productivity of crops as
dependent and the water parametres, viz, (VCW, vGati, VRY and
VI¥) and other major inputs viz, fertilizer per 1000 hectares,
labour proportion of ’i&é/ area under gix crops, tractors as
independent variobles,. '
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In the firat instance the corprelation matrices have
been obtained for the purpese of analysing the relationship
between the dependent variable (productivity) and the other
independent variobles and their relationship with each
other.

1:840 Cartographic Techniques

The stetistical information used in the study has
been depicted on meps and diagrans through sultable cartoe
graphic technigques. Chropleth maps have been prepared to
ashov the spatial pattern wvhile the graphs have been prepared
to depict the temporal trends in the y&ezﬁ,aﬁﬁ areas of
selocted crops.

1,9 Frape of the Study

The present study is diwidé& into six choptaers,
The first chepler apells out the abaeetives, hypotheses to
bo tested, data base, and the methodology of the study., The
second chapter provides the environmental setting and salient
features of the.agriﬁalturnl econony of Punjab. The third
ghapterrgtves a detailed appraisal of the vater parametres
‘and their spatial pattern overtime, It also examines the
development and spread of irrigational facilities in the
state. The fourth chaptor is devoted to exanine the trends
in ares production and yicld of six selected orops, (vhent,
maize, rice, cotton, stugarcane, rape and mustard) which
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account for about Qkper"aent of the gross cropped area
during 1974=75. In the fifth chapier an attempt has been
pade t0 annlyse the relatioaships between the value produce
tivity conputed for the six crops and various parametres of
water and also some supporting and complimontary bio-

- ¢hemical inputs, Itralgo-inelu&ea the results of the
regression analysis., The laat chapter presents a drief
summary of the study and the findings by way of conclusion,
It also presents the results of the tests n: hypotheses.,

LS X ]



CHAPTER 2
PHYSICAL SETTING AND AGRARIAN ECONOHY

2.1s0 Physical Setting

Pun,fab is situated in the northevestern part of He
Indian Unien, In 'ﬁss present form, it came into existence
on Rovember 1, 1966 a8 a result of re-organisation of the
erstuhile state of Punjab wvhich included the- present state
Haryana and Union Territory of Chandigarh. It is bounded
by Jammu and Kashmir from the north, Himachal Pradesh in the
eaost, Haryana snd .Rajagt:ﬁan in the south and Faklsta_n in
the wvest. Spraviing over an area of 50,376 sg. ks, it
 accounta for about 1.64 per cent of the totel area of the
Indjan Union and accommodates 2.5 per cent of population!

The state is situated between 26 and 32 in
North latitude end 73 degrees and 77 depgrees sast lonnitude,
Punjab is divided into three physical regions viz, (1) The
sub-nountalsn strip; (i1) The central alluviael plains, and
(111) The south western dry zone and these have great offect

Government of Punjab, Economics of Apricultural Productic
and Fars Fanagement in Punjab, 196708 (Chandigarnt
¥oonomic and Statistical orgonisation, 1968), P 3.
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2 The sub-nountain

region is a narrow strip of territory lyins between the

on the agricultural practices in the state.

Himalayas and the plains. The northern portions of Hoshiarpur,
Ropar and Curdaspur (except Batala Tehsil) lie in this grip.
Districts of Amritssr, Kapurthala, Jullunder, Ludhiana,
Patiala; and Sengrur and {Batela Tehsil of Gurdaspur district)
lie in the plains of Sutlej, Beas and Ravi rivers. +fthis
reglon has a large resource af'unﬂergfaanﬁ water suitadle for
the purpose of irrigation, Bhatinda Ferozepur, Faridket and
Barnala t@ﬁﬁ&i of Sangrur district are located in the south
vestern dry region, which is drier part than the northern
districts of the state,

2.1s1 Climatic Features

The climate of Punjab, over mogt of the ycar 1o of
a_prcnaun#ed_cantlnental character, extremely hot in summer
and severely cold in wlnter.a Glimaticaliy, Punjad comes
under the sud-humid and semi-arid, agro-climatic regioha
The northern portions of Punjab lie in the sub-hunid reglion.
tYhile the southern portions of statey lie in the semi-arid
climatic zonc,

3 Report of the Natianal Council of Applicd Economic
Regearch, T E 3 (New"Belhi,
1961); Ps Z»
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The continental position of state has resulted in
extradas of temperature aond&txansg‘ Though the mean dally
temperature throughout the year iz never below 0°C.,; the
maximis tenperature recorded in the months of May and June
goes as high as 45°C. The temperature falls tav%hé lowegt
in Jamuary when generally frost is recorded during
nights, -

| The roiny season in Punagb compences in July

and lasts in Scptemhers There is a 1ittle rainfall in the
gtate during winters, The winter rains are highly benofie
cinl for the crops of rabi season, Januwary is the raniest
month dnr&ng winters. November iz the driest month of the
year. The northern and north eastern districts of ?ﬁnaab
receive about 750 ma of rainfall anmuslly, vhile southern
districts L.e, Sangrir, Bhatinda, Faridkot, and Ferozepur
are comparatively dry and receive only about 400 to 550 mo
rainfall annuallys

2:1s2 Soils
The soils of Punjob are coarse and sandy, The
£olloving four maln types of soils are found in Punjab.
{1) Alluvial Soila
Jn the districts of Jullunder, Rapurthala, lerger
part of Amritsar, Gurdaopur, iloshiarpur, Ludhiona, Patialan,

and parts of Sangrur, the oolls are of alluvial type. These
are defictent in phosphoric acid, nitrogen and hurms, but
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rich in lime snd potagh, noted for quick remewal of nitrogen,
responsive to manuring and irrigstions This is the most
important end most fertile among the Indian aocils for
producing a variety of c¢rops.

{1i) Chestrmut Brown Soils

Bhatinda, larger parts of Fﬁrdéepur.; Sangrur and
parts of Amritsar, Ludhliana and Patiala are mostly covered
by cheastnmt Browm seils, vhich have similar characteristics
to those of Alluvial solls,

{111) Desert Sotis

These are found in pardts of Ferozepur district,
These are mostly sendy, often with high soluble salt con-
tents, low orgenic matter and gomerally suitabdle for millets,
The =oils have low humus content, |

{4¢) Hilly Browm éana

Hilly brown neils, deficient in potach, phosphoric
acid and lime generally suitable for orchards arc found in
the paﬁafof Gurdaspur ond Hoshiarpur districts,

-

2.,2.0 General Cropping Pattern in Punjab

There are two major ¢rop seasons, rabi and kRharif,
The rabi crops in the gtate are mainly vheat, Gram, Barley,
Rape and fustard. Vhent is the dominant crop among the rabi
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crops, accounting for 50 per cent of grogs crépped area in
all the districts., Up to the midegixties gram was second
ranking crop in most of the districts, but now its growth
has decreased tremendously and replsced by wvheat and oil
sceds., A variety of crops are grown in Punjab in the kharif
stasons Donminant crop of this season is maize in ierms of
“hectareage., But #éaenﬁly the trend hes ch#age@ and rice
has become as the first ranking crop in nost of the dig-
tricts. 'In.Ferazepuf and Bhatinda, cotton is the firest
ranking crop in the kharif season, while smaize occuples the
second place. OCroundnut is the other important Rharif crop
wﬁich,iﬁléaining strength in terms of heeﬁaréage in most
of the'ﬁistriats of the states Cotton and augé#@ane are
the crops which have registete&.snme increase "in aren. rha
. other crops growm in kharif are Jowar, Bajra, Linsced,
Seasatum and some pulses {moong, mash and magoor), but the pro-
portion of area ﬁnder(all these crops is very small and
there has been a rapid decline in their arce during the
" recent yenrs,

The cropping pattern in Punjab, today &iffers to
a great extent from that of the 19th oanﬁury. »Héweéer, the
general trend has not changed too much, but still ‘in terms
of sreal spread in the weke of new technology accompanied
with better irrigational facilities, some wajor changes have
taken place. Though in the 19th century also the major
rortion of cropped area was under foodgrains only, and the
share of commercial crops was very little, even today state
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mainly produces ﬁepﬁgrains, but the inferior grains are
replaced by superior grains like rice, vheat and waize and
the proportion of area under pulses héﬁ\ﬁecreaseﬁ to a much
larger extent,

- During the second half of 19th century, when the
agriculture in Punjed was depondent on monsoon and frrigas
tion facilities were limited, the main source of irrigation
was wa11s wafke& by persian wheels. As it is shown in tho
table 2,1 thet during 1870-71 in Punjed the main crops grown
in the prabi season wvore vheat, bariey and gram. Torie and
sirson, tobacco were some other important crops of rabi
narvest, Al) these crops need less of water. Vheat wes énly
fine coreal vhich can;be.grﬁﬁn without the help of irrigation.
In terms of acreage covernge vheat was the first ranking
“erop in all the districts of Punjab, OGram wag the gecond
important <rop, during the rabl season, followed by darloy.
During the kharif season, oalze, Jowar and the spiked nillict
pulses like moth, mash and mausur were important crops. Rice
vas groun in only two districis in a limited areas, Jowar
was the first ranking crop in Anmritsar, Ludhiana, Ferozepur
and Hoshiarpur districts, vhile in Jullunder district maize
wvas the dominant crop. Halzoe was the foportant crop in all
other districts during the khorif season. Ares under pulses
wag canéiﬁerably high in all the districts, Cotton and
sugarcane vere grown only in Amritsar and Jullunder distriets
whare well irrigatién.was vell developed, The district of



' 3 R Maize ‘ R T YY) -
Digtrict Vheat Barley Gram (Indian Rice Jowar Cotton Sugarcane (moth, mash
, | Corn) | - & moong) -

Junundér 287020 25855 39739 115617 _‘ 31906 . 81275 34344 30:21 : zzéo& .
Amritsar 240928 L8243 88780 48130 22832 68209 24551 21197 79457
Gurdaspur 165766 90389 26615 47535 67599 10465 18066 - 27024 25902 .
Ludhiana 217677 43134 94514 60765 - 142250 1428k - 60224

".Ferozepur 183346 93723 38335 45452 . - 140325 5196 - | 20646

- ®* Area in acres.

Sourcet . Punjab Gazetteer, vol. 2, 1874,
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Ludhiana grew only cparse grains and pulses, It can be well
understood by the following statement: “Much of the district
entirely dependent upon rainfall for its cultivation., Years
have been known when the wﬁale face of the country, east and
west alike, has presented the uniform appearancé of a barren
expanse of sand like suggestive of the capabilitles which
timely rains <3@evx=z.‘z.€>p..M..»“'1'4 ‘ _

During the second half of the 19th century, a little
effort was done by the British to improve the irrigation
facilities in the state, The first efforts of the British
- engineers were directed to the improvement of existing indi-
genous works rather than the construction of new irrigation
projects, Of these the most important was western Jamuna
Canal. Except this, the effort had been made to complete the
. upper Bari Doab and the Sirhind canalg during 1860s. The
history of colonization may be said to have commenced in 1882
with the formulation of the lover Sohag and Para canal project
from the Sutled¢5 ' ;

With the result of all these efforts by the British
Government there was a great improvement in the irrigation
vfacilities in the beginning of the 20th century, Even then
the vheat remained the dominating crop during the rabi

.4 Punjab Gazetteer, vol, 2, 1874, p. 62, ol T

Pundab, Adninistration Report EAnnualzf 1921=22
"The L e | vers ore: Government

Printing Press, 1923), DD 160-203.
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covering more than 50 per cent of the cropped area. In most
of the districts, gram was the sccond most important crop
and barley was offen sown mixed with barlsy. Haize, Jowar
and Bajra were the important crops of kharif. Pulses, oil
seeds were also grown on large area. The only important
change was in the terms of area increased under cotion and
sugarcane in all the districts. Sugarcane becams a most
valuable crop among the kherif crops in all the districts
during 19053-4, {Table 2,2)

The most important crops of the state in the second
decade of twenticth century were wheat, barisy, rice, bajra,
jowar, gram, ollsecds, cotton and sugarcane, As it is
statea'in the Administration report, Anmial vol. 1, 1921=22,
"heat is the most important Punjab crop both in value and
acreage. It ia the stuple food of most Punjabis, and is also
the chief crop for saole and export. The area is generally
over 9 miilion acres of which half fs irrigated and half is
Dbarani. As the total area under all crops is generally 28
million acres, it will be seen that vheat constitutes from
30 to 35 per cent of the total area of crops. The noxt
important rabl crop is barley.?

‘At the senme time rice while occupying 40 per
cent of the nst cropped area of foodgrains in India is
unimportant in Punjab.é In addition‘ﬁo rice, mnize, Jovar

6 lbzd;, Ps 2_55@
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Table 2.2

| — ~Sown  MLLlilon  TOtal  Produce Approximate
Crops Hawmvest Area acres tion in wvalue in
Irrie une- miliion orores of
gated irripgnted tons fe

theat Spring 5.0 4,0 9.0 2.8 16
Barloy pr“ﬁ,ﬁg ok | +7 110 +3 1
Rice autaan 6 2 B b 2
Bajra Aabamn .9 +6 1 .k .2
Jowar Autumn b 2,0 2.4 +3 )

Gram Spring 42 »8 1.0 . &
Qilgeeds Spring 1.0 2.9 3.9 o8 k|

Sugarcans Autumm & «7 1.3 o1 1

Cotton Autumn .35 +05% ol - 3

Sourcet Punjab, Adminisiration Report, “The Land of Five
Ri.‘f&rﬁ“, 192""'22' Amj.’ vol. 1 P 258,
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and bajra was the staple autumn cereals. Of the pulses
most important was gram, During the periecd 1920-21, Punjab
was having largest area under sugarcane among provinces

of India. ‘Anmerican cotton was introduced in the state in
1913, and it gained importance among the fibre cropss The
ares under cotton reached to its pﬁakviﬁ the year 19319-20

due to consequent rise in prices in years ?91?~3@;’?

After this, with the help of canal irrigation the
arga under cotton and sugarcane had ghown a constant rise,
While the general cropping pattern of the state hod not

‘shovm any important change, the state romained a major

producer of foodgraing only,

LA

7 1Ibid,



CHAPTER III

PARAMETRES OF WATER IN PUNJAB AGRICULTURE

The water rather than land is the leading limiting
factor in the Punjab agriculture, Water is the ke& input for
agricultural development and its assured suﬁply 15 the pre-
requisite for agriculture in the state., Thus the_evaluatieﬁ
of water resources, irrigation and its development bears
great signifiéancea» The story of transformation of barpen
lands of Punjab to the granary of India is the story of the
development of irrigation in the state, Irrigation farming
gaVE'much.greater ¢rop yields than dry land farming., The
states which have shown faster growth rates in productivity
have better irrigation facilities. The growth in produc-
tivity in different states is found to be significantly
associatea with the increase in the proportion of irrigated
area,

Irrigation helps to increase the productivity in
different ways., On the one hand it proteé%s crops against
droughts, on the other hand, it allows an efficient land use
vhich enables multiple cropping to achieve the optimum
productions Irrigation facilities make it possible to adopt

025 -



26

the new technology ... use of fertilizers, pesticides etc.,
and transform primitive subsistence agriculture to commereial
and more cash oriented, It is the single most important
factor which ﬁaaiiitates~a proper utilizotion of scarce farm
land -resources in moderaizing the agriculture.

Another advantage of frrigation is that it enables
a much greater varioty of ¢rops €0 bo grown than is possible
under natural conditions, It also helps to increase the
- employment opportunities, and c¢an support mbra people on the
same langd than the dry farming. |

In the present chapter, an attempt has been made
to anslyse the different aspects of water resources svailabdble
in the state, The assessment of water avallsble for the
irrigation purposes bhas been made for eaoh,aiatriét from
1961-62 to 1974~75, The total volume of water availadble to
rainfall has been worked out, from all ‘the sources nanely,
surface water, ground water and rainfall, A brief history of
the spread of irrigation in Punjob has slso been discussed
in order to understand the utilization of water in the
atate, '

351 Sur£&¢e_water-ﬂﬁaaureea

In Punjab where the rainfall is scanty the surface
water has played an important role in the development of
state's agriculture., ' In the absense of mineral resources,

water is the key for the future developnent of both agricultural

and industriel economy of the state. Luckily Punjab's
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position is satisfactory from the view point of availability
of surfate water,

The three rivers, the Sutle), the Beag and the
Ravi flow through the re-organised state of Punjabs All the
three rivers are porennial and snow=fed. &ha-lbngest river
af the state is the Sutled which has its main tributaries,
the Ravi and the Beas and the Chenab,’
the alluvial ploina of Punjedb in a generally south westerly
direction, The river Ghaggar flows from some distance elong
the boundary of Punjab and ﬁar?anag ing suﬁth~was§erxy
direction and digappears in the RHajusthan desert, There are
mauy smn1l hill torrents and choes which spill over the
plains during the ralny seasor. | |

These rivers traverse

3.P+1 The Sutled

The Sutlej rices in the distant highland of Tibet
at a hoight of about 4,570 oetres from the Lamous Hansarovar
lake. It traverses a very long course through the mountain
ranges, which rise to heights of 6100 metres on either side.
The river flows through Himachal Pradesh end emerpges from
Siwvalik hills at the Bhakra Gorge, It then flows ns a narrow
deep stream betweon lov hills for about 16 kma and widens into
the alluvial ploin of Hoshiarpur district. It receives the

} ﬁinis of Irri tion and ?ower
! tryo (¥ ga n {New Belhi, i
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Bess at Hardke above Ferozepur and Chensb ot Madvala in
Pakisten. The maximun discharge recorded at Bhakra since
1960-61 was 16.070 Heh.F,. during 1973. ?hg discharge of water
at Bhakra varied from a minimm of 8,834 M.AF. to 16,070

Mol Fe from 1960«61 to 1975. The discharge of Sui;lej wag
recorded to be 9.862, 8,834 and 9,286 M.A,F, during 1965,

1974 and 1975 respectively, These years have recorded rain-
fall less than the normal, and were drought years, for the
country as @ vhole. The river discharge data is pmsentéd

in table 3.1 and the yearly fluctuations in the river dise-
charge at Bhekra have also been shown in the graph (fig. Y.
The C.V. for the Sutled is 16,33 per cent and it is more
consistent as compared to Beas,

3,142 The Beas

The Beas risez in the Pir Panjal range at the
Rehtang pass at a height of about 3,960 petres. A mimber
of tribtutaries combine to flow ncross the Dhauladhar range
and lLarii and join the Beas Just below Mandi in Himachal
Pradesh, From its source to its confluence with the Sutle]
the river has a length of about 467 kms,

The maximin discharge observed at Mandi plain was
20,687 H.AF, in 1961, Othorwise the discharge of Beas at
Mandl ranges from 8 to 15 H.AF. The minimum discharge of
64263 H.AJF. wvas recorded in 1965, (Table 3,1) The water
potential of the Beas is next to the Sutle). The fluctdation
in discharge of the Beas can be seen from the graph, which
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Table %.%

1961 8.385 . 448 20,687
1962 6,986 12,195 | 14,589
1963 6784 12,796 4,020
1964 6.986 13,718 12,766
1965 6,716 94862 6.263
1966 6505 12,267 11106
1967 641 . 12,182 13,488
1968 7.266 11,836 10,653
1969 6,604 12,849 11,720
1970 5. 105 9,960 10.375
1971 6,535 | 11,789 12,437
1972 5,722 10,139 10,650
1973 8,610 16,070 124497
1974 5,094 8.834 8,023

1975 9.249 9.286 12,474

# River Discharge in Hillion scre Feet,

overmaent of Punjab, Yearly
Ut 7"' i 7 a8 o ‘.E‘i

~3.4%

Sources G
i

s ol = -~

Notes The discharge site of River Ravi is st Hadhopur,
Sautled at Bhaluw, Beas at Mandi plain, The
discharge of Beag at Handi is balance of Beas
wategs only (excluding water transformed from
Rﬁ?& E
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shows a greater variation in it from year to year. The C.V,
4s 22.8%4 vhich shows that the flow of Beas is more varisble
as compared to the Sutlel and the Ravi, The data also
depicte that discharge was highest during 1961 as it was
flood year with heavy rains and it was lowest during 1965
and 1974 in the years of less rainfall,

5¢1s3 The Ravi

The Ravi rises near the Rohtang Pass in Kangra
district and draining the scuthern slopes of DhaulaGhar and
crossing the Siwaliks it enters the Punjed Plains gt Hadhopur. -
From 1its source to the Indis Pakistan border the river has o
length of Z70 metres. o

| The discharge of the river varies fron 5 to 10
M.A.F, only, The maximum discherge observed at Madhopur
during 1975 was 9,249 M.AF. and sinimm was 5,005 {table
3.13 during 1974, The C,V. for the Ravi is 16,49 which
shovs that the anmual discharge of the Ravi is more consistent
ag compared to the Beas and the percentage of variation is
Just equal to the Sutled.

%+2 Development of Surface Flov Irrigation in Punjad

Beforc 1858 the irrigation in Punjab was sainly
provided by the wells, The capsl irrigotion was practicolly
abgent in the state., There were no government canals., Very
1ittle area vas irrignted by the inundation conals, in the
district of Hoshiarpur, becsuse the well irrigation in a
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large portions of the district was out of guestion due o -

%ry deep water table: %There was an old cut dating from

the imperial timos passed through the northern portion of the

district. Thig draws Lts supply from the Beas from a point

located north of Hajipur and was constructed by Rae Murad,

a chief of an important family of Muhamedan Rajputs, who
held this portion of the district,*?

o  The vestern Jamuna consl {(at present in Haryana)

is said to be the oldest perennial canal of Punjab vhich was

started during the fourteenth century in the time of

Ferozeshah and was rennovated by Akbar in 1568 and remoﬁenea

by 411 Hardan Ehan in ?62893 But it was done irgdced for

their own enjoyment rather than the public benefit, The work

of premodelliing the canal was taken in band in 1873 and it

was in sgémﬁm. in 199520,

The canal now known as Hasli or Shahi canal was
originally constructed in the year 1633 under the orders of
the emperor Shahjahan by All Hardan Khan, tho famous archi-
tect and engineer.# Its original object was to supply the
fountains and watér works of the Royel Gardens and
conservatories near Lahore and especlially those of famous

{Gazettecr of the Hoshiarpur District),

- (Gazettoer of the Hoshlarpur District),
-y [y Ds 18.
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gardens of Shalimar. It was however at certain points une
dofabm};y used as a means of irrigation. No attention was
paid to develop the irrigation works during the Sikh regine

The improvenent of Hasli canal was among the first
_praaecté launched by the Regident and after the ogcupntion of
Lanhore in 1846, Colonel Napler, wvho had three lakhs of rupees
at his disposal for public workss® In 1850 Licutenant Dyas
of Bengal Engincers was instructed to frome plans in general
for the remodelling of the old Hasli canal, The schemo was
completed by the end of the yesr and work upon it commenced
in 1851, The new canal was ready to be used by the end of
1859=-60 and irrigation commenced in the following year, The
hendworks, however, at thati time was of temporary nature, and
the present peraoanent velr amd other regulating works were not
completed till 1872-73, This prennial canal was 212 miles
long at that time and the length of Rajbhahas was 692 miles,
It provided water to the districts of Amritssr, Gurdaspur
and Lahore. It tock off fraonm the left bank of the river,
Ravi at the village HMadhopur, shout 11,2 kn northewest of
Pothankot. At that time canal was known as Bari Doab Canal.
And it was renaned as upper Bari Dogb conal after the conse
truction of Lower Bari Doob canal during 1907-1913,

) €€§§zei:teer of ihe Gurdaspur District),
4
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The old iimmiaﬁon canal of Hoghiarpur knowm as
Shahi Nehar starting from the Bees in the north-wost of
the district was reopened in 1846 by a musber of local lamd-
lords at their own expenses, CGovernment scouired the
management of the canal in 1890 by an agreament, And it was
utiliged for irrigating lands in Hoshiarpur district.

Thouph the construction of Bari Doab conal wns
motivated by some politieal reosons, the second important
work for the developmont of irrigation was the construction
of Sirhind eannl, The preliminary survey work began in
1867 and the canal was formally opened in 1882 though the
water for i?r:igat&an vas avallable only in 16883, The canal
was constructed by govermment in collaboration with the
native gtates of Patiala, Habha and Jind, It starts from
' the piver Sutlej at Ropar and provided water mainly to
Ludhiana, Bhatinda, Sangrur and Ferozepur districts.

In fact the history of colonization may be said -
to have commenced in 1882 with the formilation of the Lower
Sohag and Para land projects from 3&’!;1@3,6 A number of
canals have been constructed one after the other during the
latter half and the beginning of 20th contury. The great
eastern canal from the Sutlej was constructed in Punjadb
vetween the years 1927-33%, It boneflited the Ferozepur dise
trict, A vast frrigation scheme was sanctioned in 1905

6 Punjab Administration Report, The Lend of Five
1921~22 (Governzent Printers, 1923), vol. 1, P.
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for thres nev canals l.e. the upper Jhelum, upper Chenab and
the lower Bari Doab canals. The work on Chenab, lower Jhelum,
lower Shahpur inundation canzl, grey ¢anals and Ghaggar eanals
was alresdy geoing 6117» _ ,

The Punjab system was perhaps the biggest irriga-
 tlon system in the world; of the total cultivated arca of
about 30 million scres under all kinds of erops, about 50
per cent got lrrigation from sanals, wells, tenks and other
- souroes, The canals, however, are the largest source of
irrigation supplying water to more than 70 per cent of the

After the partition of the country only 20 per
cent of the vagt net-work of canals in the united Punjad came
as a share to eastern Punjab with the result that agricul-
tural economy suffered heavily for lack of irrigation
i&cilities.? The state as well as the union Government laid
great emphasis on irrigation and power development afxl a
mumber of works were taken up icmediately after independence,
including the Bhakra-Nangsl project, the iarike project, the
Beas project unit I (Beas Sutle) Link) and unit II (Pong
Dam). ,

Actually the idea of building a Dam across Bhakra
wag first conceived in 1908 by Sir Louis 'g'am, Govornor of
Punjab but the vork was started later on during ( 1946-47),

7 Government of Punjab, Bunisb on the Harch, 1967, p. 1.
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The water from Bhakra was\firat released for irrigation
purposes in the kharif season of 1952~53. The 64.4 kms
lined channel taking off from the left bank of the river serves
as feeder for Bhakra canal system below Ropar, and for pover
generation at the pewur-sﬁatinns of Ganguwal and Kotla, The
Bhakra canal system has been planned to serve the arid and
‘scarcity tracts of Punjab, Haryana and Rajasthan., Since
independence special attention has been given to develop a
botter irrigat&@ﬁ sy$tem\&n tha'sﬁate during the plan periods
by remodelling the old workss, The multiwpurpose project
Be&ﬁ.ﬂnit I, Beas Project Unit II, Thein Dan, Diversion
Weir of Shahnehar canal, Dholtha Check Dam are some of them,
Except this the work of remodelling of UBDC charnmel is
proposed to be done in the present plan. To utilise the |
- additional waters from Beas and Revi rivers according to the
trosty ond for the extension and rescdelling of Bhakra and
Sirhind canals has been started during 1975-76, Lining of
unlined channels is also going on to overcome the seepapo
problem and to increase the irrigation potential in the
state,.

There are ton nain ﬁanai gystems at present in
Punjsd namely the Upper Bari Posd Canal; Sirhind canal system,
Eastern canal, Makhu group, Sirhind Feeder, Shahnehar, Biat
Doab, éhakra nafn line, Bein canal and Banaur comal, Bein
canal is an inundation canal which irrigates a very small
area in Jullunder district., Shahnehar irripgates the
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Hmhiar;mr district, and the Banaur canal supplies water to
parts of Patiala district, while Upper Bari Doab canal
provides water to Amritear and Curdaspur gistricts. Tho 100
per cent water aupply of Feroze Sirhind Feeder, Makhu group
‘and Epstorn canal poes to Ferozepur distriet. And Sangrur,
Bhatinda, lLudhiana and Patiala receive water from Sirhing
‘canal system and Bhakra mainline, Some water from Sirhind
canéxl is also used for irrigation in Ropar and Ferozepur
districts,.

The total length of canals in Punjsb at present
is 2248 kms. of main canalg and branches. And the length
of digtrivutaries and minors 4s 11050 kms. The total length
of canals and distributaries was maxluoum in Ferozepur dis-

~ trict as 1% was 3551 kms. The canal length is minimum in

Rapurthalas. In respect of canal length and area irrigated
by canals Bhatinda comes second after Ferozepur with canal
longth of 1928 kms, dur:.ng 1972+73, (Table 3,2)
3¢3 Awvallability of vater :ﬁ%ga Irrigation !Erum the
Surface Vater Resources

The river water is utilised for irrigation mainly
through the canals drawn from dams constructed across the
rivers, A nunber of perennial and finmundation canals serve
the diffevent parts of the state, Utilization of s_urfa'ce
wator resources for irpigation started over s century back
with the construction of diversion headworks on 'the perennial
rivers of sutlej, Beas and Ravi. During the last 20 years



Gurdase zmmw mum ﬁashiarw-» dapar* m}‘aﬁ ’é’emze- §h§2m~ Sang-u m Punjab

1962 - 864 W97 129 689 23 - 924 3626 1906 2850 1668 14386
1963¢65 868 1700 126 689 238 - 1188 343t 1938 2782 w2t w53
1064-66 881 1700 124 689 267 - 188 343v 1955 2782 1521 4500
1067-68 943 1808 124 689 217 87 828 3573 2053 1657 1325 13303y
1969 944 1808 123 685 216 150 1002 3596 1855  170% R 13514
1972 ows 1808 123 685 216 150 1002 3596 1855 1701 w6Y 13741
1973 1370 w97 W7 653 212 . 90 1026 M6s 1928 1685 152 }1&395 |
97 172 1798 88 670 216 136 628 351 - 1685 1630 W73 13306

* Length in kms,

Sourcet Length of Canals and Distridbutaries {unpublished Tadbles) prepared by Irrigation Department,
Government of Panjadb, Chandigarh,
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the milti-purpose storapge schemes such as Bhakra and Beas
vere taken up for harnessing flood flows of Sutlej and Beas
respectively, The transfer of surface supplies from one
river basin to be used in the other basin has been achieved
by interlinking the sub-systens cf surface vater. Ravi 1s
interlinked with Beas through Madhopur-Beas Lirk and with the
Béaé sutlej Link (Beas Project unit I). Beas and Sutlej will
be interlinked. In this menner the water of these rivers
will be used for better management of irrigation and powver
development,

‘ The water of the canals is available for irriga-
tion in both the seasons i.e, robi and kharif, However, the
discharge of verious cenals is less for rabi as compared to
kharif season. The authorised full supply of water from
each canal is given in the Appendix. The suthoriced
discharge frem'all the canals ranges from 10 to 12 HuAF.
during the different years. The anmial discharge from Sirhind
canal is maximum 2,384,656 cﬁsecs days during 1969«70, The .
Upper Bari Doab canal comes second after Sirhind canal with
the total annmual dischafge 1,662,579 cusecs days. The dié§*7
charge from Bein is lowest, i.c. only 635 cusecs days
anmially. |

For the purpose of comparison the velume of canal
vater available district-iwrlge has been calculated in cubic
metres, {Table 3,3) The Feorzepur district accounts for the
larzest volume of canal vater available for the irrigation.
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160’?,4

1536;‘3

1248.0

1516,0

1433.5
15764.0
1497.1
156%1,9
159843
1578.0
534
1573.2

15377

1730.0
1331.5

2298,0
643.0
804.6
79549

1029.7
887.9
880,7

1026.9
931.9
257.8

2617.8

2396.2
2464,3

2253.3

’1‘5233‘.6

12553.8
14968.3
13743.3
14020,0
13872.0
14794.6
15099.8
15718.9

14791.9

17295.6
16256.0
18253.6

16460,2

Punaah (India)
. Rabi’(unpublished), 1962-1975.
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The wvolume of water availoble in Ferozepur was 60009.7 million
cubic metres. Patials comes gsecond in resgeat of total volume
of canal water available in the district as it was 2253,3
million cubic metres during 1974-73, The camal water
availability is lowest for the Kapurthale as it only receives
45 million cubic metres of vater annuelly, The important
point to note is that the volume of wa#er from canals,
available in the vgriaas districts does not differ wvery much
over the period, Minor fluctuations are there because of
variable rains over the time period, But the proportion
remains almost the same as the length of canals is not changed
very much over the same peried. ‘ |

%4 Ground Vater Resources

The surface water resources ln the state have
already been explolted to s reasonable extent, the irportance
of ground water for irrigation and also fer-damestia'aﬁﬁ
industrial uses is increasing day by day, ‘Tha further
development of irripation in the state will have tg.depend
on the tapping of ground water rescurces. ,

Underground watar a¢cur$ in a zone of saturation
of permeable rocks under the hydrostatic pressure, VYater
moves down from the surface by gravity to enter into this
zone, the u per surface of vhich is ¢alled the water table,
or pluratic, sub-surface or substerrancan water. All the
poras and spaces within the zone of saturction are filled
with water and lts depth depends upon iocal geology. Tﬁa
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lower linit of the zone is the point at wﬁich the underlying
roclk fsnmatian becomes so dense that the water cannot penew
trate, It may vary in depth from few metres to hundreds of
metres. This zone of saturation is very important because
1t supplies water to all wells and maintsins the normal,
relatively uniform flow of streams, Ground water has been
laid down very aagvenly below the surface and moves towards
the oceans like surface water. It flows through cracks or
figsures in rocks or through water bearing strata called

8 Sonme hydralogiéts profer defining aquifers as

aguifers.
natural zones bvelow the smurface that yield water in
sufficiently large guantity to be important ecenemica&ly;g
, The ground vater resources have been builit up in
alluvial plains of Punjab through infiltration of rainfall,
geepage from the rivers, ethaﬁ,straams and spraviing netvork
of unlined canals which carry vast quantities of river
waters to the irrigated flelds. As por preliminary ecstimste,
nearly 28 por cent of the state area censiating of auﬁthern
districts bordering Rajasthan (Ferozepur, Bhatinda and

Sangrur) is having scaline alkeline ground water. 10

8 Leonard f, Ganmar, A & ) praphy of Irrdimation
{Londont Oliver and Blyd pddale Lo ;':‘ '
Pe Ts

9 S.N, Davis and R.J 1. Dowlest, xgggggg;ggz (Jonn
Wiley, 1967), p. 463,

ternat 0t¢“ ympcs”‘m on "ve'apmen”‘cf Gruunﬂ
uater Resources, Hadras (India), November 26-29, 1973,
vols 35 P Se
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| The water in the state is aveilable near the surface
in‘méat‘af the districtss The quality of water is also good.
The water table in the different districts has been shown in
thé:@ﬁﬁ'(fig.57(). One can gee from the map that in Punjab
daring‘thﬁ month of October 1970, the depth of sub-soll water
near the banks of all the three rivers, the Ravi, the Beas,
and the Sutlel, is 0-1.52 metres. The ares under sub-soil
wvater depth of 1,52 metres is located in Gurdaspur and
Amritsar districts in the vicinity of Ravi, and in parts of
Ludhiana and Jullunder districts because of the Su&laa.
The water table up to 1,32 metres is found in the parts of
%aahiafpar.ané;Kayurthala districts vhere the river Beas flovws
along the boundary between Gurdaspur and Hoshiarpur, Asritsar
and Kapurthala, A little patch of area with 1,52 motres
water table is elso found in Ferozepur district near Harike
headworits. In general the water table is high in the northern
plain than the southern distrioctss The water table in Batala
Tehsil of Gurdaspur, Ajnala and Tarntaran Tehoils of Anritsar
and near Dasuya in Hoshiarpur is between O to 1,52 metres.

A few patches with water tadle from 1,5 metres have
been located in the districts of Ludhiana, Jullunder, Patiala
and Ropar. Ihe vater table 1s very lov in the saﬁtharn parts
of Bhatinda and Ferozepur districts, vhere it 15 located
about 9.14 wmetres below the surface. The water table in Zira
tehsil of Ferozepur generally ranges from 1.52 to 3.1 metres.
The ground water table 1s alse low in the narthern parts of

Ropar district, l.e. more than 9. 14 metres. Vhile i{n other
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districts water table ranges from 1.52 metres to 6@08
metrogs '

In fact there is no constant water table for the
astate, as it is subject to chenge due to a munber of factors
evary'year under natural conditions the ground water system

is in an ‘approximmte hydrologic equilibr&um’;ij

the long
term recharge, although on occasions; equals the long term
discharge. In Punjeb, the introduction of camal irrigation
by diverting the river waters intt the basin becomes notent
factor of recharge in the system, The impact of these
‘changes can be scen from the rise of the water table in canal
command areas, ﬁaw#ver, in certain areas the ground water
table has also shown decline after 1965 duc to continuous
pumping of ground water through deep bore wells.

3.4+1 Agseasment of Ground Yater Potentisl in the State

The amount, quality and depth of underground water
is of grent significance for irrigation. The development of
small irrigation schemes, undertaken by the individuzl cntro-
preneur is related directly to the depth of subegoil water,

The scarcity of uater in the aquifers can ceuse some acrloﬁs
problens for the future dovelopments Although the ground
water has been located at a number of pl- cea, but no systematic
quantitetive assessment has, so fary been made, The assessment

1% S.R. Sehgal and A.D, Gulati, Hydrolopical Consecuences
oF Trpisotion and Deainage Protes mmmmu

5 of the International Symposium of $ho

¢ Ground Veter Resources, 26~29 Hovember 1975,

n P Qcé +

kY
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of ground water potemtial involves (g) estimation of ground .
water recharge, (B) estimation of present level of extraction,
and {g) determining the potential awvailable for further extrac~

tion, 1°

The main factors contributing to the recharge of
ground water are, rainfall, roturn flow of water from irriga-
tion; water syreé& areas of water bodies, surface flow like
canals rivers and otresms etcs

- The assegement of quantity of ground water nceds a
vast setsz of datn on sub-surface geology, rainfail, evapo-
' transyiration,.runnoft;.partalatibn‘x@na and extent of satuw
ration hydraalic gradient, aquifer characteristics, geo~
chemicals of water etc, ﬁaﬁaver@ recontly a vaiy rough
asgessment hes been attempled by Dre K.¥. Raghava Rao and his
colleague of the Central Ground Vater Board. The occurrence
of ground water, accoprding to their assessment, has been
given for all the states, and India as a vholes, The followiag
table presents the contribution of various parametres,

12 S.A+ Radnakrishnan, "Formulation of Minor Irrigation
SQthes, Bata &equirementa end Problems®, Indian
_ al o ricultura _1¢osan,«;, vol. X, no. 4,




Parapetres ~ Recharge in
: (nillien acre feet)
1, From rainfall . But

2+ From canal irrigation 4,0

Total recharge 9. 1
1e Evagatransporatim and

subegurface run off 2e5
2+ Ammal draft ' 515

‘Ai. Ii« .

Net ground water recharge N
for future 3.3

Source: ﬁégarﬁ of the Irrigation Commission, Hinlstry of
‘ Irrigation and Power, vol. I, 1972, Dpe 54=55,

 According to another study made by Sehgal and
Gulati, £t is eatimated that the total vater discharge from
the tube-wells in state is about 8,2 M.A.F, annually and the
total utilization from wells is of Yo7 MahJFe Thus, 8.2
H.AFe of vater is being pumped out from sub=s50il reservolr

every years 13

13 Sehgel and Gulati, n, 11,
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The study of assessment of ground water rescurces
need much attention in the state for the future developmenis
' of minor irrigation works,

34842 Use of Ground ¥ater Sources for Irrigation

The use of underground water for the purposes of
irz_-igai:i,on is not nev in the bistory of irrigation. The use

‘ of wells as an ! instrument of irrigation®, L to extract water

from the ground is very old in Punjab, Actually, wells of one
sort or of the other have béen in use for many centuries, asg
a source of year rmmd irrigaﬁivm. The bullocks and camels
were 'maixx draught power for operating persisn vheels, However
in recent years pumping sets run by diesel oil and hydro- |
-electric pover have replaced the traditional source of energy.
One of the most common of the primitive 1ifiing devices is
the Dhenkli, Perslan wheel is a more elaborate ‘davi.ce of
1lifting waoter uszed in Punjab from early times,

Before the construction of Upper Bari Doab cansl in
1859 the irrigation in Punjeb was entirely done by wells. The
irrigation by wells was mainly important in Jullunder, Patiala,
Ludghiana, Ferozepur and Amritsar districts, The m@mber of
vells in Punjad rose from 246,000 in 1911 to 267,000 in
1920." The spread of canals also incrcased the possibilities

1921~22, vol, 1,

1969 and 197475,
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of well irrigation by adding through seepage te the atore of
sub~-soll water.

34,3 The Development of Vell Irrigation since 1860«61

Yells remained an important source of irprigation in
Punjeb in all the times as water is near the surface and
suitable for irrigation, The total ﬁxmber of wells used for
. irrigation purposes both masonary and non-masonary, private
and government owned in the state during 196061 was 168,566
wihiich rose to 168,872 during 1969 but the number of well#
has shown decline during the seventies and it cawme down to
125,263 during 197475, (Table 3.5) The number of wells in
thg state are on the decrease and these are belng replaced
by tube~wells and pumping sets with the advancement of irrigae
tion technology. The slectrification of villages in ?unaéb is
painly responsibdble Lfor the replaceanent of ordinary wells by
power operated tubewwells, The cheaper hydro~pover is on
additional reason to encourage the tubeewell irrigation in the
state,

During 1974~7% the district Jullunder hed the maximum
number of wells, l.c. 31,732 used for irrigation purposes
followed by Sangrur, Amnritser, Ludhiann, Patials and Hoshiarpur
with 14,978, 13,459, 12,419, 11,384 ond 9,412 wells respec~
tivaly@ The munber of wells was lowest in Bhatinda where
only 1,_1% wvells vere used for the irrigation purposes,

Tube well irrigation was not very common till the
19508, The tubevells were first installed in Amritsar under
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Table 3.5

~rtige fumber of Yell

i

iy

1960-61

197475

Wells Tubevells

Gurdaspur
Amritsaer
Kapurthala
Jullunder

Hoshiarpur

Ropar
ludhiana

- Ferozepur
Bhatinda
Sangrur
Patiala

Punjab

g0z,

17624
12476
37392
12338
21347
11897

2204

25454

- 168537

520
1047
329
1020
393

L

1268

84
L
353
733
6194

-

_tells

Tubewells

7973
13450
9166
31732
ok12
8593
12419
4oT?
1144
14978
11384

125228

-

72514
13221
15119
10392
18599

8642
31948
24527

9960
24668
39839 -

204161

Sourees

G
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the scheme known as "Am‘ltaér‘ Schene ~ 1910%, 16 And 1t vas
intended to lower the water table near Ampritsar, but 4t was
cloged in 1936. Indian irrigation scheme was introduced in
1934, but the number of tubewslls did not increase t411 1931,
The munmber of tube~wells/pumpinz sebs has increased very
rapidly after 1961, The rapid incresse in the number of tubew
wells/pumping sets during this period was due to the heavy
water requirements from the H.¥.V. crops,

The mmber of tube wells/pumping sets in the state
wag 204,161 during 197475 as against 6,194 during 1960-61
and 460 in 1951, Patiala ranked first in respect of totel
nunber of tube wells/pumping smets, with 39,835 tube wells/
punping sets and Ludhlana and Sangrur comes second and third
with 31,948 and 24,668 tubevells respectively. The number of
tubewells has been lowest in Ropar and Bhatinda, 8,642 and
9,960 only during 1974~75. Tube wells are best sulted for
irrigation in the areas vhere the water table is low,

3444 Availability of Yater from Ground Vater Resources

Nearly 55 por cent of the irrigated area in the
state gets water from wells and tube woells, The water
available £rom ground mter sources is calculated for the

purpose of the present study to know the total volume of water

crinearing (Jullunder: India

16 K.R. Sharma, Irrigati nat
{shers and Printers, 1959),

Printers, Booksoiiers, !
vols 1y Pe 3o
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available to be used for irrigation purposes in each district
of the state, The {ipures for year-vise vaiume of water
available from ground aaur#ea hag been given in teble below,
The vnmumé of water from ground water sources availsble to
the stabte was 5,457 million cusec metres in 196162, and it
roge to 13,265 million cusec metres during 196869, and reached
to 1790446 me.metres in 1973-74. The total anmual draft of
water from ground sources has rapidly increased since 1967«68.
It nas increased rapidly during %he greén revolution period
beecaupe the H.¥.V, varieties require more water than the
indigenous ones. The érapﬁing’gatiewn.cf the gtate has also
un@ergane-draéﬁia changes The ground water wolume 4s less in
Repar, Bhatinda and Hoshiappur districts where tube wells
irrigation is not widely used because of deep water table,
high cost of instsllation and low water yields. The deep

and saline water in Bhatinda is not usable for the irrigation.
Lack of public inWéaﬁmeﬁt\ana.saauri%y of power and oil are
the other factors vhich contribute to the slow development of
*thé tube well er&gétﬁon~in these digtricts,

3.5 Rainfall as a Source of Yater

Rainfall is the single most importont source of
water though the geographical location of the state does not
favouf & heavy rainfall, as the most of its parts lie in the
semi-arid zone, The rainfall in the state normally varics from
" 200 to 1000 mms anmually. 1t occurs during the South vest

monsoon months, i.e. from July to September,
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55,1 Anmual Rainfall

About 80 per cent of the average anmual rainfall in
Punjab ecours in the monsoon pericd. Th@'ﬁ%&té does receive
& little rainfall during the winter months from the Western
disturbances, The rainfoll during these months is scanty but
tt is highly beneficial for the rabi orops especially for the
wheat, The rainiest month during the winter is Jamary.
Normally the northern sub-hill districts get higher amount of
rainfall during the winter than the semiearid districts of
south, The November is the driest month of the year. The
stétevgets g 1ittle amount of rainfall during the pre-monsoon
months, but the smount of rainfall during these months never
exceeds 5 cms and even in the northerm districts where‘rain—
fall is comparatively higher than the south,

Rainfall is generally higher in the northeran sub
hill districts of Ropar, Hoshiarpur and Gurdaspur and
decreases towards the gemiearid éiétri@ts of Bhatinda and
Ferozepur, ' Ropar, Surdaspur and Hoshiarpur districts got
rainfall of 900 to 1000 mm anrmally, while the socuthern
digstricts receive annual average rainfall of 3ba to 500 mm.

34542 Availability of Vater from Rainfall

The total volume of water avallsble from rainfall
in the state depends upon the total amount of rainfsall recoived
annually, It varies with the anount of precipitotion. In the
north where the reinfell is high the water avoilable for the
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crop growth is alse more than the southern districts., The
amount of water available in the Punjab wvas 27,535 million cubic
metres in 1974~75, The rainfall water is important froem the
viewpolint of the onmet of the rain e,g. early or late rains
south-west consoon upset the vhole egricultural operations.
The avallability of water from rainfall is given in table
547 As the computation of volume of water available from
rainfall depends upon the net cropped area of the districts
and amount of rainfall, it varies from district to district
and from year to year accordingly.. |
34543 Vater Avallobllity as per hectare of Gross

Cropped Area (in terms of rainfall equivalents)

_ The availability of water per hectare of gross
eropped area in esch district depends upon the totel volume
of water available from 8ll sources of water, i.c. surface
vater, ground wvater and water from rainféll,; The average
availability of water for the state as a whole varies from
77 to 102 cms per hactare, But one ¢on note from the table
3.8 that availability of water is not uniform for all the
districts in all the yecars. And it also follows the rainfall
regine in general and its distributions also follous the
distributi.-onal pattern of rainfall, Ewven then the total water
availability is much more higher than the water available
from only rainfall in the semi arid districts of southern
Punjab and it is onough to meet the reguirements of the crops
growvn in thoge areas, I¢ shows how the irrigation can transforn
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Table 3.8

Mater Avallability® as per hectars of Gross Oropped Ares {in termg r rainfatl
o ) . ' ' - Rouivalents)

District 1962 1963 1964 1965 1966 1967 1968 1960 1970 1971 1972 1973 1976 1978

!

Gurdaspur 99 84 73 79 103 105 99 97T 137. %16 102 81 99

Ampitsar 104 88 116 81 120 99 96 1 136 136 129 1040 103

% 8 8

Kapurthala 104 96 8 94 101 86 87 1 110 1M1 16 103 108

Jullunder 110 97 113 93 W6 o8 98 86 103 97 91 95 86 90

o

Hoshiarpur 9¢ 65 65 s8 84 T 12 9 75 82 W 55

Ropar 87 77 93 63 8t 6 73 6% 8t 93 65 7h 63

3 3

Ludhiana 159 93 96 106 95 95 92 84 98 94 95 o9& 92 90

8

Ferozepur 98 80 86 98 @82 76 86 92 93 16 8 7B 22
Bhatinda 82 53 79 45 66 4 58 62 71 58 65 66 63 - a2
Sangrur 90 52 102 06 62z 63 83 90 72 92 93 9k 8 89

Patiala 128 95 83 119 84 87 7& 00 98 82 132 17 10 M1

8

Punjab 102 77 9t 82 ot 80 85 91 92 102 o4 a3 99

46

% wakar awmailahle in cns.
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area that would otherwise be classified as drought affected
area, but nowv thease areas have been trangformed into the green
fields, by moking the plenty of weter available from other

sSOUTCED,
3,640 Importance of Irrigantion

The develepment of agriculture in the state like
Punjab, vhere the rainfall is not only inadeguate but also
highly variable in t&me»ahﬂ space, 318 entirely dependent upon
the assured supply of water through irrigotion, The nocessity
of -irrigation arises from a sunber of factors. Hajor function
of irrigation is to mitigate the impact of irregular, uneven
and inadequate rainfall with wide fluctuations from year to
year, "Irrigotion in many countries is an old art - as old
as civilisation but for the vhole world it is a modern sclence
« the sclence of ﬁ&f&iVal“‘$7

3:641 Crowth of Irrigation in Punjab

The precisc origin of irrigated agriculture is not
knowm, but there is no doubt that it has been in existonce for
many thousands of years in Asia and Africa.® Irpigation in
Irdia has been practiged since tims immemorial, Freguent

7 B.C. Pumia and ars.abasnaz Parde, Irrig

Pover Engineering {(Delhis Standard
Ps 2

48 Reonard H, Cantor, A iorld Geopraphy of I
Oliver snd Boyd Tweeddale, 1967}, p. 11,
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¢
refgrences are found in the Vedas and Sorities and other
ancient 1iterature to wells, tanks, canals and damsi? From
the early Vedic times up to the Hoghul perdod, the rulers have
initiated irrigation works to counteract fanmine and in
~ recognition of its value in egriculture. Evidences of old
storage and ¢onal systems can be found in many parts of the
country, some of these old systems have been improved for
moedern use also, But the systematic devalamment of 1rrxgation
in the couniry has taken place only in the end of the 19th
century and in the beginning of 20th century,

3,6,2 Growth of Irrigation in Punjab since 1850

* Though the wells were The oldest means used for
the purpose of irrigation, bwt imundation canals and waters
fron streams and tanks were also usged for the simllar
purpose, Till 1850 wells were the only most important means
of irrigetion, There were no government canals to irrigate
%hé vast lands éf Punjab. The irrigation was based on the
dug wells and the bullocks and camels provided the maln source
of draught pover for ruming the Persion vheels. The well
irrigation was the mainstay for the distr;cts of Jullunder,
Ferozepur and Ludhiana. The Upper Bari Doad canal was
constructed in 1859 and some of the cultivated areas in
Apritsar and Gurdospur were irrigated from this c¢anal,

19 K.L. Rao, ”Utilization of Irrigation ﬁesources“
Apricwiture Situation i 6-67, pp. & fw-'z.

-
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35;3?7.h&ctaréa of land was irrigated by Upper Bari Deab canal
‘in Anritsar during 1870-71. And 24,956 hectares of land in
Gurdaspir received water from the &&hra@n'aﬁd Kasur branches
of Upper Bari Doab canal. In Hoshiarpur district irrigation

_ was partially done by wells along with an old inundation cut.
But the situation somewhat improved with the opening of Upper
Bari Doab Canal, and Sirhind canal systen,

According to the Imperial Gazetteor of India, 1908,
of the total afea-culeivatedvin Amritser, 189,847 hectare
(6058) was classed as irrigated and out of this area 53 per
cent was irrigated from wells and 47 per cent from canals.
Similarly in Gurdaspur 89,006 hectares (26%) of the total
cropped area of the district was classified as irrigated and
55,685 (62.5%) hestares were irrigated from wells and canals,
34,359 (35.17%) hectare from cahals and 1,275 (1.4%) hectares
from streams and tonks. Also, 325,563 hectares (27:%) of the
cultivated aréa of the then Patlala statews irrigated and out
of this 88,578 hectaves (275%) was irrigated by wells and the
rest from cenals, There were 12,696 wells in uge in the
state, In Hoshiarpur only 23,569 hectare (855) of the total
cultivated area was irrigated in 1903 and of that 14,649
hectare (633) was irrigated by wells amd 5,957 (2558) from
canals and only 2,848 hectares (123%) by streams, The important
gource of irrigation in Jullunder and Ludhiana was well., And
124,061 hectares in Jullunder and 56,721 hectares in lLudhiana
was irrigated by wells. 203,051 hectares of land wus ;rrigated
by canal in Ludhlana,.
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| Of the totsl erca cultivated in 1903-4, 417,249
hectares (475%) vere clossified as irrigated in Ferozepur
district. Of this srea, OW4,030 hectares {10.55%) were
ftreipated from wells, 20,461 (4,9%) from wells and canals,
352,499 (84,487%) hecteres from canals, end 210 hectares
from streems and tanks, |

Thus the report ghous that the irrigation in most
of tné districts wvas mainly by the vells, the proporiion of
irrigoted area was high only in Ampitser and Gurdaspur vhere
the water was available from Upper Beri Dosdb canal sinee 1859,
In the first half,of 20th century, the development of sources
of irrigation both camnls and wells was going on side by sﬁées
The net vors of canal irrigation also inoreased the possibie
1ities of well irrigation: The most of the investrent was dono
on the ierigation works in the state during this periocd, . then
British left the country the lrrigation system in the undivided
Punjab was onc of boot irrigation gystems of the world. The
position of state in respect of irrigationwos mich botter
than the remaining parts of tho country,

3.6.3 Development of Irrigation since 1960-59

Despite the smoll size, the state occupicd the
second position next to UP in terms of i¢s gross avea irrigated
vhich vas 4,377 thousand hectares during 1971-72. As regorda
the percentage of net frrigated area to net area sown, Punjab
. ogcupied the second position in 197172 with 72,5 por cent of
its net area sown boing irrigated, first ploce boing occupied
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by Péﬁdiaherry with 81,3 per cent of its net area sown, It
also occupied the second place in the country in irrigation
through tubewells during 197172 with an area of 1,186
thousend hectares while Uttar Pradesh re@araé& the highest

- with 2,330 thousand hectares irrigated by tube wells,

During 1974-75, the gross area irrigated by all
sources was 89¢9 per cent of the gross cropped area against
56,0 per cent in 1960«61, Anritsar dis%riét‘wns the leading
district in terms of pergentage of grous area irrigated to the
grous cropped area in the state in 197475, with 96 per ceﬁt
of 1t being irrigated, It was followed by Sangrur 90,2 per
cent, Jullunder 89,3 per cent and Ludhiana 88,3 per cent
respectively. |

The net area Llrrigated in the state by all sources
was 3, 18% thouwsand hectares as aga138§»ﬁhﬂ.1;98$ thounand
hectares in 1960-61, Out of 1,985,500 hectares of aren
irrigated during 1960~61, 116,600 hectares was irrigated dy the
canals alone, which accounts for 58.75 per cent of the net
area irrigated by all sources and 798,560 hectarea {40.213)
was irrigated by wells and tubewells, During 1§7h~75, out
of the net area irrigated of 3,183 thousand hectares,
1,447,800 hectares (45,5) was irrigated by canals and 1,723,900
hectares (54.2%) was irrigated by wells and tubewells. The
percentage of area irrigated by canals has declined slightly
from 1960+61 to 1974~75, but the use of underground water for
the purposes of irrigation has gained impordance since then,
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Canals are the lmportent source of irrigstion in
Bhatinda, Ferozepur, Amritsar and Sangrur districts where
98,11 per mﬁt, 88,02 per cent, 67.46 per cent, and 60,52 per
cent area was irrigated by canpls Quring 1960-61 respectively.
The proportion of irrigated area by canals to the net area
irrigated in these districts during 1974~75 has deplined as
compared to the 1960«61, as it was 86,54 per cent in Bhatinda,
74,52 per cent in Ferozepur, 57.15 per gent Amritsar, 31.52
per cent in Sangrur, In fact A7 per cent of canal lrrigated
area in the state is located in these four districts. The
- canal f.ifmgam@n is best suited for the Fex‘ﬁ‘mpﬂé and Bhatinds
districts because the water table is very low and tubewell
irrigation is costly and the saline waters obtained from the
underground aguifers are not suitabie for the proper growth
of crovss |

The tubewell irrigation is important &n the Jullunder,
Kapurthala, ladhlans, Ropar and Patiala districts, It is
¢lear from the map (figs ) that 96,72 p'ex; cent, 95,48 per
cent, 82,97 per cent and 92,70 percent, 7422 per cont ares
to the net area irrigated of the respective districts was
irrigated by wells and tubewells during 1960-61, Area irri-
gated by wells/tubewells in these districts has shown an
increase and it was obove 90 per cent in Jullunder, Kapurthsla,
: Ra;sai* and Ludhisna during 1974~75. The tubewell irrigstion
48 also important in Hoshiappur, Curdaspur and Sangrur districts
where it accounted for 84,87 per cent), 56.33 per cent and |
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68.47 per cent respectively of the net irrigated arca of dise
tricts during 197475, , A J

The irrigated area by wellé/tubeweus has shown a
mbstamial increage in the state over the time period with .
the result of rapid ¢xpansion of minor irrigation schemes.
However, the proportion of irrigated area by wells and tube-
wells has shown e comparatively rapid growth, in Sangrur and
Hoshiarpur districts vhere it rose to 68,47 per cont and
84,87 per cent during 1974»75, as compared to 39.48 per cent
and 66 per cent during 196061 in the respective dintricts.
The wells and tubewells are generally important for providing
assured irrigation in the northern parts of the state and in
the central g}xaiﬂs where the ground water is vithin easy
~ reach, In spite of increasing importante of tubewell
irrigation cenals are still the important scurce of irrigation
in southern districts of state.

LA XL



CHAPIER &
AGRICULTURAL PROFILE

4e% Cropping Pattern

Punjab, virtually the grainary of Indie, has s varied
éénppiag pattern wvhich includes coreals c.ge vhealt, nalzo,
rice, bajra and Jowar; pulses e.8s mﬂang,'maaoar; nash and
gram, and commercial crops ¢.g. cotton and sugareane, Rape
and mustard and groudmut ape important oil seeds, besides
these linseed and castor soed, chillies, potatoos and |
%ﬁbacé§ are th& sther crops, But notr a days the agriculture
in the state has beeome predominantly cereal oriented,

In the folloving paragraphs an attempt has been made
to gee the gpatinl and temporal changes in tho cropping
pattefn in the state. In the first instance the cropping
pattern in terms of foodpgrains and non-foodgraing has heen
analysed. Secondly, an analysis has been made to see the
behaviour of area and yield of the crops included in study
over the time pertod from 1960=6% to 1974-75. The trend in
the spread of arca under high yiclding varieties, consumption
of fertilizers in NPK units and uge of agricultural ﬁachinery

w B2 -
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hag been also analysed to see its offect @n‘productivity@

Although the cropping pattern of an area is dependent
upon many factors such as growing season, fertility of soil,
moisture factor and price policies,; the irrigation facilities
are one of the most crucial factor vhich influences it in
the areas of scarce rainfall, Other medern inpnﬁﬁ 2ol fortie
lizers and high yielding varieties of secds are dependent on
the moisture factor particularly assured supply of water, The
cropping pattern, in fact, represents a ¢onstontly shifting
aquilib?&nm‘héﬁween\gnysical, cconomic and institutional
forcess It has, however, a tendency to get stabilized through
time in different homogenous type of farming areas.

4.1,1 Temporal Pattern of Area under Cereals

 In the present study only seven crops have been
analysed which cover R per cent of gross cropped arca,
Amﬁﬁg'tha foodgrains only three cereal crops i.e. wheat, rice
and malze have been considersd while rape/mustard and ground-
nut {oilseeds), cbttan ang sugarsane are the non~foodgraing
included in this study,

In the case of cereals (rice, wheat and maize) the
percentage of aren hos éhéwn tromendous increase. In the
year 1960=61, the area under these crops in the state was
only 42,36 per cent of the pross cropped area which rose to
56,95 per cent in 1970-71 vhich vas the highest during this
period, Before thic the araé‘unﬂar these ¢rops has showm a
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fiuctuating trend up to 1966-67, rising at é slov rate and in
a fev years it has registered a 1little decrease alao, but the
general trend was tovards the increase. After1966e67, with
the advent of green revolution and introduction of new |
technology alongwith high ylelding varieties of seeds,
especially in vheat, the percentage of area under cercals
has shown a sudden rise, and it reached to the level of $8.24
per ¢ent during 1971-72 from 45,19 per cent in 1965§67f But
in the very next year the percentage of area under cereals
slightly declined i.e. from 58,24 to 58,02 per cent and came
down to 53.52 per cent in 1974-75, |

The district-vise analysis of the patterns shows the
same type of ups and downs. In the district of Gurdaspur
the percentage of area under cereals was falrly high in

| 1960~6% vhen 59,65 per cent of the gross ¢ropped area was

devoted to these three crops, It had shown an increasing trend
up to 1969-70, with only minor fluctustions, It attained its
naximum level in 1969-70 when 75.90 per cent of total cropped
area of the district ws devoted to these crops. After

1969-70 it had shown a decrease es it fell down from 75.90

to 70.8 per cent in 1970-71, and became almost stagnant after
1970=-71 with only o 1ittle increase of Y per cent in the
1972«73 from the previous year.

During 1960«64 about half of the total cropped arca
area of Anritsar wos under these coreals. In the pre-green
revolution period the area under cercals in Amritsor has shown
a rising trend with only one trough in 1963-64 when the
percentage of area fell down from 51,38 to 43,33 per cend,
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Year 6?;?‘3‘ sar thala der pur m da‘, rar la Punjab,
G061 59.65 50,35 5826 50,3 74,30 - 61,52 .5 21,52 42.82 46.97 62,36
106162 6172 ATWA5 61,53 5172 Tha23 =, ALTY 3652 2199 42.7H 48,58 42,08
1962-63 63.86 51,58 56.54 55.59 76,56 = 39.26 3943 46,86 45,11 46.61 44,76
1963-66 58,60 42,25 43,33 54,00 76,78 =  46.88  30.68 23,10 46.56 45.74 43,13
196465 62,99 50,69 56,09 56,15 76,42 = . 48,56 3051 26u37 48,30 45.29 448D
1965-66 65,03 53.76 54,43 56,55 61,57 47,37 50,42 30,56  23.94 41.67 47.50 45,60
1966-67 64,45  52.80 56,31 55.58 58.26 46,37 52,29 38.59 26,42 40,53 48.33 4519
1967-68 66,36  55.60 58,47 58,87 . 63.18 48,07 53.68  30.86 28,89 43,37 49,98 47,37
1968-69 68,10  59.59 6€9.42 63,57 67.37 S5N71 6123 50,20 < 36,47 52.87 57.96 54,79
1969-70 75,90 62,10 70,96 66.30 67.87 51.98. 65.36 48,00 35.87 5377 61.20 54,98
197071 70,80 62.44 72,2k 68,01 68,87 55.68 66,46 49,62 35,01 55.26 65.13 56,95
197172 70,56 64,84 71,50 70.42 T1.11 56,97 67.89 48,68 36.83 56,75 65,39 56,24
972-73 71,79 64,00 72.56 7122 70.05 57.52. 69,02 48,15 33.52 $6.46 66.02 58.02
1973-74 70,83  65.95 72,82 70.96 67.55 56,83 66,66 46,48 30,01 53.63 65,85 56,72
_‘3715-‘75 70.04 63,84 71,07 70,09 67.47 54.85 59.17  53.97 27.97 42.89 62,68 53,52
iource:s Computad grom the Data ebtatned fron gtatistica]l Abstract of Puniab (1961-»75).

GCovexnment of Punja‘b.

(3
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The percentage of area under cereals in Amritsar was highest

during 197172 (64,84%) and the general trend was towards

the increase. |
In genersl the percentage of ares under ¢ereals has

showvn an increasing trend throughout the period, In Gurdaspur

eereals otcupy the highest percentage of GCA as compared to

other districts. Bhatinda recorded tho lowest percentage

of arez under G&?@&lﬁ'(21t52%>ﬁf the CCA of the district

in 1960-61)s 1t rose tc its highest lavel in 19?1«72-w&tu

76483 per cent of GCA under cereals. Since 3971w?2’tha:

area under cereals in ﬁhazinda has again been showing a

-serious decline contimiously up to 1974=75.

| Hoghiarpur ts»aneéh@r case in the state vwhere

vercentage ai area under ceresls was highest in the state

in #QSQméi {7h308 of its tatél‘cr¢pped area). It rose up to

76,42 per cent in 1964m65, Aftor this it has shown a

decreasing trend, in o few years it has shown a little rice

also but in 197475 the percentage of aren remained only

67247 per cent, '

4,1.2 Temporal Pattern of Ares umder non~Foodgrains

‘ The aréa undar non=foodgrains, l.e. cotton, sugarw
cape, rape and mustard and graﬁndnut accounted for 16,3.
per cent of the GCA in the stote during 1960-61 and it rose
to 17,1 per cent during 1974«75, as coupared to the 53.52
per cent of area under cereals (x@e;~nheat, rice and maize),
The proportion of area uyderunﬁnﬁieadgrains vas highest in
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the state during 1965«66 (17.43%). It has shom ainor txys’v
and dowms up to 196768, but aftervards it has shown a
continuous decline and came down to 411 per sent during
1970-71: But again it picked up snd attained the level of
17«1 per cent during 1974~75. The district~wise proportion
of area under non~-foodgtains has also been given in table
shich revesls that the .hig,heat proportion of arce under none
foodgrains was recorded in Fe;wzezmr' {20486 per cent} during.
196061 and in Bhatinde (31.75%) during 1974+75, The lovest
'prapafﬁien wag recorded in Hoshiarpur (8,03 per cent during
196061 and 5.29 per cont during 1974-75).

Among the non-foodgrains, sugarcane and cotton both
are more important in all the districts of state, as the
propoertion of these crops is more than the oflgeeds. Taking
state as a whole area under cotton end sugarcane accounted
for 12,50 per cent during 1960=64, It has shown minor
fluctuations during the period, 196061 to 1974«75, After
496768 it has almost stabilised around 10 per cent, The
table shows that aﬁatirﬁa, Fei‘czepur and Sanmr are tho
only districts vhere proportion of arez under commercial
¢rops is quite high and is shove the gtate average. Bhatinda
and Ferozepur have shown the increase in proportion of area
under these crops on the base of 1960=-61 vhile all other
diatricts have shoun deéls.m, 1t vas lowvest in Hoshiarpur
(7.62%) during 1960-61, end in Kapurthals (2.04%) during
1974~75. The proportion of area under these ¢rops ranged
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106061 B.63 1306 10,10 1208 803« 1733 286 2081 2,06 .79 16,3
196162 7,37  1.B% 10,58 12019 B30 1855 220 240 2453 17 16,04
1962-63 7,60 1182 TAT 12,90 BOT - 19:21 1930 2% 2549 W9 15,2
196364 6,94 13,68 MLI2 15,9 TW48 = 24,79 22,02 2606 24,35 1541 131
196085 7,52 Y 17 19.95% 15,67  5.T7Y « 20,06 19,90 19,42 22,73 15,66 16,63
1965466 9.26 12,57 3.3 W40 5.07 1898 20,36 2185 2244 IR33 .16 1743
1966-67 8,99 11,92 14,91 15,77 584 95,68 26,26 19,52 20,60 15,66 1749 16,80
1967468  Bu27 12,66 15.03 15,30 6,63 16,99 26,20 20,27 2267 1677 15,95 1721
63-69 9,09 10,76 14,90 163  6.13 1654 2338 B35 20,26 15,06 16.05 15,91
1960-70 8,81 12,16 12,76 13.83 631 15,07 20,37 18,38 16,30 12,98 W36 15.2%
1970-71 7,30 10,03 12,43 1290 ATZ 16,73 19,12 17,60 .67 105 12,41 Wt
197172 702 10,23 15,90 TN53 4,00 1513 1897 20,56 2398 15,96 1079 5.2
197273 TW67 1036 169 1036 L16 1203 .67 20,9 26,99 VLSS 10,63 15,90
197374 745 10.23 10.83 10,26 5.22 15,43 17,90 22,88 27,07 1389 1h25 16,23
19475 7616? ‘ﬁ‘aﬁ& 1017 10,68 5,20 4,40 Y788 2348 LTS 3“3@% 12,19 17,10
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Irom 2 to 7 per ¢ent only in .ali the other districts axcept
Bhatinda, Ferozepur and Sangruy during 1974-75,

The proportion of area under oilseeds (rape/mustard
and groundmut) was recorded to be only 3.80 per cent during
1960«61 and it hos increased very slowly and reached to its
highest level during 1967-68 when it accounted for 7 per cent
of the total cropped aren in the state. Aftorwards it has
declined again and fell down to 5.51 per cent during 196869
am& since then it haa alnost s‘ham:&iged; The proportion of
area under oilseeds has been high in Ludhiang since 19560-61
as compared to the other rii..siri@ts in the astate, It: was
very low in Hoshiarpur and Gurdaspur {1965 and 1,273 during
1974~75 respectively), It also witnessed great flm:tuaf&ma
over the time perliod in all the digtricts, but it has shown
an increase in the arca during 1974-75 as comparea to 1960-61
in all the districts,
inz ‘fz;ggd Q‘g;g Atge% %;)Stzm;ﬁed Crope in Punjadb

In Punjab, malze, rice, cotton and groundmut are some
of the important kharif crops which are soun with the onset
of mongoons in July and harvested in the late Soptember and
early Qctober, The rabl crops e,g. vheat, barley, rape and
mistard are sown in late Cctober and early Rovember and

harvested in April, '

4,2,1 Tremd of Area Under Vheat

theat 18 the lending food crop in Punjab, In terms
of its astreage Punjab occupies second place after UP with an
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arca of 24,39 lakh hectares during 1975+76, accounting for
about 10.2 per cent of the total area under wheat in the
country. The area under vheot accounted for about 30,44 per
cent in the state during 1960«61 vhich rose to 40,81 per cent
during 1971=72. Tho vheat acreage hag shown a very slow rate
of growth from 1960~61 to 1966-67, but after the introduction
of HYV seecds and nev technology the vheat acreage has increased
rapidly up to 1968«68, Its proportion to total oropped areas
was»tée-ﬁigh&st durding 1971-72, and since then it has shown

a 1ittle decline in the area.

" The wheat is o leading crop in all the districts in
teras of area sinte 1960«61, however, the area has shown some
variations over time, Buringlﬁgﬁﬂéﬁi the area under wheat
ranged from 30 to 38 per cent in all the disﬁriﬁts except
Bhatinda, where it was lowest in the state {20,11%). The
highest ares under whoat was recorded in Hoshisrpur (38.75%).

Ludhiana which had been seleoted for the Intensive
Agricultural biétrict programme  is the only district of Punjab
vhich has shown a contimmocus increase in the area under vheat
from 1960-61 to 197172, witnessing a slight decline aftor-
warda, It has ghoun fluctuations in different vears in
Jullunder and Amritsar up to 1966~67, and omwmrd it has rogis-
tered rapid increase with the advent of pgreen revolution. The
proportion of area under vheat to the total cropped area
attained peak during 197172 in Jullupder and in 1972-73 in
'Amritaar, Later the area shoved decline in both the
districts,
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.Patisla and Kapurthala have shown a decreasing trend
in the wvheat acreage from 1961-62 to 1966, But fhey regis~
tered rapid increase after 1966 vhich contimued up to 1970
in Kepurthala and till 1971 in Patiala, after which it started
declining in both the districts. In Hoshiarpur it declined
from 1964=65 to 196667, but afterwards showed a contimious
increase with one or two excapﬁional yearse.

It has shown an increasing trend in Bhatinda, Sangrur,
and Ferozepur districts aslso during the late sixties; but it
declined after 197%72,

4,242 Trend of Area under HMalze

Maize ranmks third to vwheat and cotton in Punjab.
The proportion of area under maize in the stete was 7,07
per ¢ent during 196061 whlch rose to 9,60 per cent during
1970-71 and since then it is almost stagnant, rather its
area sliightly declined during 1974~75, In the pre-green revo-
iution period its area was less than that of cotton, but after
1966+67 4t has exceeded the cotton and occupied the second
place after vheat from 1966-67 to 1973~74, iHaize is the
competing crop with rice in the districts of central alluvisl
plains and with cotton in the gouth western arid districts,
_It ranks second to vheat in the districts of
Hoshiarpur, Ropar, Jullunder and Ludhianna, During 19560-61
24,56 per cent of the groass cropped area wags devoted to maize
in Hoshiarpur, but it started declining after 197071, In
Ropar its area showed decreasing trend since 1966-67, vhile
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in Ludhiana 4t rose continuously up to 1973«74 except duriﬁg
1965. The proportion of area under maize in Jullunder has
élaa'shnwn rising trend with fev exceptions, but the ratoc of
increase is slow,

In the districts of the central aluvisl plains viz.
Patiala, Anritsar, Kapurthala and Curdaspur the maize 1s
third raniting crop after wvheat and rices In Anritsar the
maize ares has shown greater fluctuations and general trend
has been tovards declines In Kapurthalas it hss not showm
a rapid chenge up to 1965-66 but after 1966 it started
gradualily increasing up to 1970 and aftervards started dec-
lining, Gurdagspur accounted for only 742 peor cent during
195@¥6$é but it rese up 0 9492 per cent during 1970-71. After
atﬁaining this level it has shoun a decreasing trend, Halze
is losing importance in terms of area in Patiala graduailyw
In Sangrur also it has shown decreasing trend after 1972-73.
In Bhatinda and Ferozepur malze is not wvery important crop,
it ranks fourth in Bhatinda and £ifth in Ferozepur. -

4,2,3 Trend of Area under Rice

The rice cultivation was earlier confined to‘a.
limited area, but with the release of semiedvarf? high yilelding
varieties and fmproved cultivation teehniquea the arﬁauunder'
rice has increased treamendously and now rice has become the
major kharif crop in Punjobe. Only a few crops vitnessed o
 spectacular increase in area as did rice during the period
| 1065-66 to 1974~75. It accounted for only 4,85 per cent of
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the gross cropped area in the state during 1960«6% but rose to
B8.07 per cent during 1974~75. ' |

| Rice is second ranking ¢rodp in Amritsapr, Kapurth&la,
Gurdaspur end Patiala, 7he acreage under rice has shown
sharp increase in all these districts since 1963-64 with one
or two exceptiocns, Gurdaspur recorded the highest ares under
rice amongst the districis of ?uﬁdab:auriag 1974=75 when
24,2% per vent of its gross eropped area was devoted to rice.
In Hoshisrpur it is third renking crop, It attained third
rank in Ferozepur after wheat and cotton. It accounted for
3.8 per cent of gross cropped area during 1960-61 but rose
to 8,9 per cent,duringlﬁs?%n?ﬁo It has shown an increasing
trend which continues except for a decline during 1967-68.

In Jullunder 1t was only 2.66 per cent during 1960-61,
but during 1974~75 it recorded 9,14 per cent of gross cropped
érsag The graph deplcts a fluctuating trend, though towards
incresse, but at & slugnish rate, However, the rate of
increase has become rapid after 196970,

' The ares under rice is low in Ludhiena, Sangrur and
Ropar districts as it ronges from one to three per cent of the
gross cropped areas Ludhiana and Sangrur have witnessed
subgtantial increase under the area of rice in the recent
years. In Bhatinda rdice cultivation is almost absent,

L,2.4 Trend of Area under Cotton

‘India enjoys the distinction of being the earliest
country to domesticate cotfon and utilize the fibre for
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pamufacturing fabrice, Evidence of the antliquity of cotton
has been traced to Mohanjodara, the date of which is esti-
mated to be 2500-3000 BC,* ' |

The ¢otton érap is fLirmly estab&ishé& in the agrie
cultural system of Punjeb. It is a Rharif orop and sown
generally after the onset of the summer monsoons,

Cattén‘halﬂa-the‘sﬁeaﬁd position in state in terms
of percentage of area, It accounted for 9,69 per ¢ent of the
gross crap@ed'area of the sﬁaﬁé‘ﬁnring f?

6061, and has showm
an incrcasing trend up to 1964-65 with miror fluctustions., .
It has shown decrease from 18664-65 to 1970«71.

In the districts of Bhatinda, Ferozepur, and Sangrur
cotton ramks seconds In districis of Bhatinds and Ferozepur
more than 15 per cent of thﬁir‘grass arwgpé& area is devoted
to cotton, The percentage of area under cotton has shown
'gr@at flﬁwtuatiaﬁﬁ in both the districts from 196061 to
i?éﬁm&ﬁ, and fhence it witnossed o consistent deorease up to
1971, After 197% it has recorded sharp increase up to
i??h~7ﬁ as its proportion was 18.84 per cont in Ferozepur
and 2&;&? per cent in Bhatinda ap compared to only 14.39
perleenx in Ferozepur and 13.76 per cent in Bhatinda during
1970«71. The cotton area has showm a sharp decling in Sangrur
from 1963-64 to 1968-69, but since then it has shown increase.

In the central plains, Ludhiana, Amritsar and
Patiale arc the three districts where ¢otton has occupicd

oy

1 Council of Scientific and Industrial Regearch, The U
of India (New Delhi, 1971), vel, 4. B
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a significent place, Its area witnessed an increase from
1960=61 to 1963«64 in Ludhiana but after 1963«64 it hos
declined suddenly as malze geined importance during this
period. In 196869 the area under cotton shrunk to only
3.38 per cent against 7 per cent during 1960-61, In Anritsar
‘and Patiala its area has shown a substantial decrease from
196%&2 to 19?0«»7%. The proportion of area under cotton was
more than 6 per cent in both the districts during 1960«61,
tut % has come down to 2,78 per cent in Amritsar and 3.2%
per cent in Patiala, The overzll trend was towards decrease
in cotton area in Jullunder algo,

In the districts of sub-montane region, Ropar,
Hoshiarpur and Gurdaspur, the cotton is not significant crop.
It accounted for only less than 2 per cent area in these
districts during 1960-61. Its ares has shown decline in all
the thma districts from 1960«61 to 197475 and during
197475 it came dowvn to only 0.75, Q.'Sﬂ anid 0,82 per cent
in Gurdaspur, Hoshiarpur and Ropar respectively. |

4,2,5 Trend of Area under Sugarcano

Sugarcane, accounting for 2,28 per cent of the gress
¢ropped area in the state during 1960~61, ranked f£ifth crop,
The proportion of area under sugarcane in the state has not
shown much changes over this time perioed.

A high proportion of aree under sugarcane is found
in the sub-montane region. It wvas the highest in Hoshiarpur
during 196061, and in Ropar during 196566 ag compared to
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the other districts in the state. In Boshiarpur area under
sugarcane has shown contimious decline from 1960-61 to 197172
and in Ropar it has declined up to 1969=70. After 1965-66
there has been an increase in sugarcane ares,after 1970 in
Ropar and after 1971=72 in Hoshiarpur, In Curdaspur it has
decreased from 1960«61 to 196465 and increased from 196465
to 1969=69 and then again has decreased up to 1974-75 when it

- accounted for only 5.47 per cent.

Rapurthala end Jullundeér are the laportant sugarcens
producing districts among the central alluvial plain. But
the percentage of area under sugarcene is decreasing repidly
in Kepurthala since 1960«01 and came down to 1,20 per cent
during 1974~75 as compared to its share of 5,51 per cent
during 1960-61, The sugareane srea in Amritsar has shown
an increase from 1962-63 to 196566, btut simé then 4% has
decresged though the rate of decline 1a slow as is evident
from the fact that it recorded 1,79 per cent of GCA during
1974~75 agoingt 3,14 per cent durlng 196061, It has
marginally increased in Ludhiana from 2,70 per cent dur.lng
1960~61 to 3.82 per cent during 1965-66., DBut sugarcane is
losing importance since 1965+66, Jimilarly its area is
decreasing singe 1965«66 in Patiala (1.82¢ during 1974=75
as against 3,388 during 19606%). Sugarcane is not important
crop in south western dry districts of Bhatinds and Ferozepur,
vhere it has to compete with highly remunerative crops.like
cotton and oilseeds.
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h,ég@ Trend of Ares under Rape and Hustard

Among the oilseeds rape and mustard are very impors
tant in Punjab in terms of area, These are grown during the
rabi season as independent crops in dry arens and as intere
culture with wheat and gram in less dry areas,

The percentage of area under rape/mustard was 2,47
per cent in the gtate during 1960~6%1 and was the sixth
- {mportant crop of the state, It has not shown 1argﬁ'variatian
from year to year, but it showed a decrevasing trend from

1960-61 to 197071, but ginﬁg 1970-71 it has shown fast
increase, |

Rape and mustard is importaent cash crop in Bhatinda,
Ferozepur and Sangrur districts, The area under rape and
austard hes shoun great fluctuations in Bhatinda, where it
experienced s decline in area up to 1968-69, but onwards it
has been increasing every year, Similarly in Ferozepur and
Sangrur the proportion of area under rape and mustard has
shown larger variations from year to year up to 1968-69, but
after that it is improving slightly. |

In Ampritsar rape and mastard is sixth ranking crop
and area under this haa shown slight increase fron 1962-63
to 1964~565, but witnessed a decline during the period from

1965-69, but since then it has been increasing rapidly. The
rape and mustard area has shown a contimious decline in
Patiala from 1960=-61 to 1971~72 with only one exceptional year
of 1966-67. Since 1571=72 acreage under rape and mustard



Trends in Areo of Some Se!ecm:ﬁ Crops

As Propornian to (Bross Cropped Atea

1961 -75
FEROZEPUR ’ ; BHATINDA
L% 5
Whaat
40 %0
N SN
3% ’ / 35
30 < 30
w w
% %
5 2 % 13 et
w w ;Cotton
9 < /—-«./\*
by -
) z 20 -
[ !
& e Cotlon o o
& e \/\\ e & ~ \
15 o «n_\/ 15 *.\\//\‘ s
1] to
Lt Mica -
- ] s . —
‘ / \ e / S
S . s . e s ___./ /
'—0---6---‘——-.‘_.-«@/* T hize,
¢ B o [ 85 3] ] 7t 73 a7 0 5B & 65 67 ] 7t n 7%
VEARS YEARS
SANGRUR PATIALA
50
£5
13 P
— \
Whest Lg :
i
. \Whe ut
s
3
» b o
e £ N
: 30 M
39 .
8
o 2
L3 Z 25
<3 u
Ny &
9 20
3])
-4
8 Rice
§ 1
15
/‘/\
. Catton LAt
0 FEXL
" - ,/&g et "\/N\,-—/ \/\-“...»—-"“""
R ppreditbang P~
AT "" L. Gmat 5 -—w—*\""~~-..,-(;n:l
L T A “ . Ris e *é;ccw
o s " '\ -
pirept T et e . ""“'2\ S cone TSl _\—‘_ 'Suger cane
- Fara vl ,_,.___,‘,A-‘ vg
— CChEG (3 & ) 7 ) 8D
Y] ) ) 57 ) 7 7 x7s Ve ans
YEARS

iy




76

iabingraaaing in the diatriét. In,ﬁopaf the proporticn of
area under rape and mustard has shown an increasing trond
‘gince 1566, In Gurdaspur eres under rape and musterd has
increagsed to 1;27'per cent during 1974«75, fﬁam 0.84 per cent
during 1960=6%, In the districts of Jullunder,ludhiana,
Hoshiarpur and Kapurthala the cultivation of rape and mistard
is almost absent,

h4e2,7 Trend of Area under Groundnut

The groundmat was introduced in Punjeb in 1939,
Accounting for only 1,33 per cent of the total cropped area
in the state, groundmut wvas not very important crop during
1960=61, but the area under groundmat increased rapidly
from 1960-61 to 1968«69, and At rose up to 4,19 per cent
during 1969, After 1969 Lt iz losing its importance ag rice
is becoming more important kharif crop in most of the
districts,

During 1960«61 the proportion of area under groundmat
was highest in Ludhiana accounting for 7.30 per cent of its
cropped area, It was third ranking crop of the distriot.

As the acreage under groundmut increased very rapidly, it
becane even'tne second rankting crop in Ludhiana after vheat,
and its proportion to the total cropped area rose to 17,19
per cent during 196869, but after that the arca under
grounsnut has been decreasing every year. Similarly ground-
nut acreage has shown contimious increasc since 1960-61 to
1968-69 in Patiala district but it also vitnessed 2 declining
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trend after 1968-69, In Sangrur, only 1.68 per cent of GCA
was under groundmut during 196061, but it attained 6,87 per
cent during 1967«68, From 1967-68 to 1971 it witnessed
declined and afterwards i@maxnﬂd stagnant,

Its cultivation is also important in Kapurthala and
Jullunder. Starting with 2,36 per cent arca in Kapurthala
aud 2,15 per cent in Jullunder under Groundmut during 1960-61,
it-inﬁraased very rapidly in both the districts up to 1968+69.
During 1968, the arcs under groundnut was 7.74 per cent in
Jullunder emd 10 per. cent in Kapurthala during 1969,
Similarly the acreage under groundmt rose up to 7.87 per
cent durdng 1968~69 in Ropsr as compared to 4,04 per cent
during 1960-61, vwhich declined afterwards, The cultivation
of grnunénﬁt»iﬁ practically absent in Anritsar, Gurdaspur
and Ferozepur and Bhatinda districts,
4e3 Behéviaur ofA?rﬁdﬁativity of Selocted Cropsi

{1960~6% to 1974~75)

The state of Punjab has made big strides in ngri-
cultural yrbductian during the last decede, Howover, the
increase in egricultural production is obtained marginally
by the increase in net arcs sown and substantially by the
increase in productivity per unit of 1and, The modernisation
of agriculture with new technology has been responsible fop
this breakthrough, Yield per hectarc is a function of many
factor inputs, Some of these inputs are controllable ¢.g.
irrigation, labour, agricultural proactices adopted etec. vhile
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some others are uncontrollable factors viz, weather which is
wost important. There are other economic and institutional
factors affecting the yleld per hectare éiz. cost price
relationship, the better price prospecte of a crop and size
of operational holdings, pattern of land distribution, owner-
ship and tenancy, availability of credit ete. Irrigation or
availability of water through rainfall is an important factor
as it is the key input for,effiaienx use ﬁi.fartilizﬁra and
high ylelding varieties of seceds.

443,11 Productivity of vheat

Excepting Mexico in the case of whsaf/and.aapan and
Rorea in the case of pa&dg,ﬁhe average yields in Punjab are
the highest among the wheat and rice growing geantr&esgz ﬂith
aﬁerage wvheat productivity of 2373 kg per hectabe, Punjadb is
the leading state in the country., It is much higher than the
national average of 1409 kg per h&ataray‘ During 196061 the
wheat yleld was 1237 kg per hectare only, which rose to 1514
kg per hectare during 1965-66. As a result of package inputs
the wheat yield has increased rapidly after 1966 and obtained
g peak of 2406 kg per hectare during 1971=72. After that 1t
has declined slightly for the state but £t has again shown
an increase since 1973-74 and rose tb 2395 kg per hectare
during 1974-75,

Patia&iéas the leading district in the state with
& yleld rate of 1533 kg per hectare during 1960-61, It vas
lowest in Gurdaspur~(885'kg per hectare). But since 196162

1 P.3, Hoshiarpuri, The Tribune, July 17, 1979,




7

Ludhiana leads the sﬁéte in whent praduaﬁtwtty, During 1960«
61, in Amritsar, Kagurthala, Surdaspur and Hoshiarpur, the
yield of wheat vas below the state average of 1231 kg per
hectare while in the remaining districts it was above the
average yield of the state, During the pre-green revolution
period, i.e, from 1960«61 to 1965-66, the yield of vheat hag
shown an increasing trend in gaﬁera1 for all the districts,

But as evident from the table - the increase in the yield

has not been eéﬁﬁinu@aa and shown large fluctuations in all

the districts. Wheat yield has shown & decline during 196263
in Sangrur, Ferozepur and Patiala districts as well as in
Bhatinda, Hoshiarpur, Gurdaspur and Amritsar, while in Kapurthala,
Ludhiana and Jullunder it has shovn contiruous increase till
1965, The year 1964~65 was the peak year for all the districts,
but a substantial decline in the vheat yield has taken place
during the year 1965«66, in all the districts of state.

After 1966~67, with the introduction of high ylelding
varieties of wheat and with increased consumption of ferﬁilia
zor a suhstantial‘innrea#e in vheat yields hasn been‘regiétered.
It increased at a very rapid rate in all the districts in the
late sixties. Ludhiana has witnessed contimious increasge
up to 1971-72, The pealk of vheat productivity has been
attained during 1968-69, by Patiala, during 1970-71 by
Kapurthala, and in 1974-75 by Gurdaspur, Jullunder and
Hoshiarpur, vhile the year 197172 was a good crop year in
which most of the districts of Punjab attained the meximum
yield levels, It vas also the peak year for the state as &
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whole and it vitnessed a yield of 2406 iy per hec:taren Aftoer

, machmg the highest level of ylelds 81l the districts have
shown a declining trend during the subsequent years., Amritsar,
Patisla, Bhatinda, Ropar, Sangrur and Ludhiena during 1973

and Jullunder, Kapurthala, Curdaspur, Hoshiarpur and

Ferozepur during 197374 have witnessed lowest vheat yields.
But afterwards the tvend has changed and it has shown an
increase in all the districts of Punjab except Bopar, vhich
has ghown a decline,

In general one can conclude thot wheat yield has been
increasing in the state since 1960+561 and the rate of increase
was rapid from 1965+66 up to 1971=72. After a setback during
1972-73, it has shown an upwvard trend,

4&3;2 Yield of Rice

Punjab which leads the country now in respect of rice
vield per hectare and is the largest contributor to the central
pool of foodgrains, was not important at all for rice produc~
tion in the early sixties and yield of race wag also low in |
comparison to other rice growing states. During 1960-61, the
average yleld of rice in tho state was 1035 i per hectare ond
highest yield was recorded in Kapurthala (1691 i3 per hectare)
and lowest in Hoshiarpur (1371 i per hectare). The yield of
rice -during the pre-green revoiution périod has showvm a steady
and contimious increase up to 196465, During 1965-66 1t
fell doun because of drought conditions. It has been increasing
continuously at a mich fagtor rate since 1966~67 and attained
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the highest peak during 197374, vhen the state registered an
yield of 2287 ig per hectare. |

A spatial pattern of the rice yield across the
districts reveals (Apperdix ) that productivity of rice has
shown larger yea;rlir variations, but gﬂnei‘al tremd has been
of increase in aocst of the districts. The pre~green revolus .
tion yield peak hes been attained by Curdaspur, Anmritsar
and Ludhiana in 196364 and Sangrur, Ferozepur, Jullunder
and Kapurthala attained it during 106263,

After 1966+67, the rice has become an important crop
in the kharlf gesson and has shown rapid increase not only
in area snd output but also in productivity. Since 1966-67
the productivity of rice has been increasing rapidly in all
the districts, because of introduction of high yielding
7‘ varietles of seeds, heavy dogses of fertilizers and improved
water facilities. As ig evident from the graphs, it has been
increasing in every district contimicusly up to 1973=74, with
the only exception of the year 1968«69, vhen some of the
districts namely, Ferozepur, Sangrur, Ropar, Gurdaspur and
Jullunder have ghown a decline, All the districts except
Hoshiarpur, Patiale and Kapurthala recorded the highest rice
yiclds in 1973-74. Hoshiarpur and Patisla registered highest
yields during 1971+72, Kapurthaola witnessed the peak in 1974~75,
Kapurthala has been ahead of the districts of state with
rospect of rice yield from 196667 to 1971«72 with only one
exceptional year of 1967~68, Ludhiana has become the leading
district from 1973-74 onvards, The lowest yields of rice

A
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has been recorded in Ropar in 1966, whore it remained lower
than the ‘averages Bhatinda and Gurdaspur are the other dis-
tricts which have recorded lower ylelds.

43,3 Yield of Maize

The yield of maize in Punjab is lower as compared

to the other moize growing states of India. During 197576
the maize yield in the state wns only 1467 g per hectare as
against the average yzeié of 1175 I per hectare in the country,
but it was far belov that of Karnataka (3036 iz per hostare).
During 1960-61 the yield was only 1135 i ;éer' hectare. The
productivity of maize in Punje

fluctuations between 1960-51 and 1968469, Vithin this period
of eignt years, it recorded the highest yleld during 1964-65
(1670 ig per hectare) and lowest during 1962+63 (851 iy per
hectars). Since 196869 it has shown a continuous rise,

up to 197475, with only one exception of 197374, The
average yield for the state touched & all time high during
1974-75 (1723 g per hectare). It is interesting to note

that the yeurs of lower yields in rice are the years of
higher yields of malzes It is due to the fact that maige
needa leas wvater as compored to rice, ond the lover yields of
rice are assoclated in most of the years with the shortage
‘of rainfoll and inadequate water supply. Ludhiana has been
leading district in the maize yield from 1966-67 to 1973-»74,
and Kepurthala has shown the highest yield in the state during
1975, The yield of maize i3 lov in Bhatinda and Gurdaspur
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for mogt of the yeéra-ﬁf the study, Ferozepur has recorded
the lowest yiclds during 197374,

| District~wise trend of maize yleld in Punjad is given
in the Appendix. It is also avident from the graphs that
the ‘maize yleld has shown year to year fluctustions up to
1966+57 in all the districts of state. Bven after 1966-67,
swhen the high yilslding varietics were introduced for maize
along with rice and wheat the malze yield has not shown any
regular trend, The year of 1965-66 with high maize yield
has been followed by decline during 1966~67 in tho maority af
distedicta, The maize yield wont up in Ludhinnas, Kapurthala,
Hoshiarpur, Gurdaspur and Ferozepur districts during 1968
and declined in these districts during 1969 except in Ludhiana,
It reached ite pesks in 1971 in Amritser, Kepurthala and
Ropar, during 197172 in Jullunder, Patiala and Bhatinda,
and during 1972-73 in Ludhiana, Hoshiarpur and Sangrur,
Maize yield has shown continmuocus rige from 1972 to 1975 in
Surdaspur and slight increase in Ropar during 1973 and 1975,
vhile the remaining eight districts have shown a substantiasl
£al1l from 1972 to 1974, The year 1975 has again witnessed an
increase in maize yield in all the distriots,

4.3.4 Yield of {:Qm

Punjab grows both the American and desi varioties
of cotton. The state leads other states in the productivity
of cotton in the country, the average yicld in 197576 being
36243 13 per heotare agalnst the national average of 139 1y
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per hectare. The average yleld of degi cotton was 267 iy per
hectare and of American variety 270 i;'; per hectare during the
year iéﬁﬂ-ﬁh The yield of American variety has shown a
continuous increase with one or two exceptions since 1960-61,
while the yield of desi cotton has shown a slightvsimlim
from 1960-61 to 1965-66, The productivity of Americen
variety attained its nighest level during 197374 (430 13
per hectare) while dest cotton during 1970-71 (378 ig per
 he¢tare)s The average vield of American variety for the
astate has remained always a little higher than that of degi
cotton,.

The yield of degi as well as Amorican varieties
found to be highest in Ferozepur district and in certain
years Bhatinda became the leading district in the yield of
dogl cotton. The lowest yleld of degi eotton is recorded
in Hoshiarpur district throughout the time period empt
in 1967 when Ropar accounted for lowost yleld, In case of
American cotton the lowest yield has been recorded in
Curdaspur t111 1966 and ofterward Ropar and Hoshiasrpur have
registered the lowest ylield in American variety of cotton.
The highest yisld of American cotton was recorded in all the
districts during 197374, while the highest yield of desi
cotiton wvas recorded during 197172 in the important cotton
groving districts of Ferozepur, Bhatinda, Sangrur and
Ludhiana, The yield of Amorican cotton in these districts
has shown fluctuations up to 1965~66 but these variations
wvere very small. After 1965+66, the yield of degl cotton has
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shown @ slight steady increase up to 1970-7% and since then

it has been declinlng in the aistricts of Dhatinda and
 Ferozepur. In Ludhions 18 hos shown o clight increase from
1962463 to 1968~69 and aftervards has shown s declino up to

" 1971-72 and witnessed o little inoreasc after 1971-72,

Sangmr anﬁ Patiala havo shown crmthmms and steady increase

Ln the yleld of desi cotton fro*n 19&5-66 1o 1974m75,

h,B,B | Ym}‘.ﬁ-of samane |

_ The ylem of sug,arcam 18 low as compared to the
othor ¢ane gramﬂg atates in the country, In Punjab it wms
13679 g per hectare during 1960-61 which declined to 3016
k3 per hactare duri.nn 1961~62, An increase in yield has
been witnessed .t’m 1961~62 to 1964-65 regularly, but again
it glided down to 3779 iu per hectare during 1966-6% sm::e |
1966-67 the gs.e:ta nns showh a rapm rising trend, excopt
for mrginal declines here and there. It attained the peak
durdng 197376 (5280 i por heotare)s
The year 1966~67 h 5 been a yearvbf low yield of
sugarcane for all the districts in general. Jullunder has
ghown & coatimms increase in cane yield fz-am 1967-68 to
1975 The yield of augamam in Ludhiam also haa recorded
reguzar__ increase from 1970-7._'! to 974, It registered a -
decline during 1975 in oll the districts except Jullunder,
Hoshiarpur, Ropar and Bhati_rﬂa,
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4,3,6 Yicld of Groundmut

Punjad rocorded a yield of 925 iy per hectare in
1960-61 for groundmut vhich attained 1261 i3 per hectare during
1964=65, Sinse then its general trend has been towards dsei:-
1line, However, it has shown oipor increase during certoin
Yyears c.g. in 1971=72 when it registered a yield of | 1056 1
por hectare from 970 & per hectare in 197%. During 1974-75
it declined to 861 i3 per hectare,

Ferozepur was the leading district in the state in
respect of groundnut yleld up to 1969470, snd aftervards
Patiala has become the leading district, The distriets of
Ropar and Hoshiarpur have comparatively lower yield of
groundmit as 1s clear from the appendix table., It vas lovest
in ﬁoshzarmr betwesn 1960-61 and 1966+67 and since 1968
Ropar has been relogated to the lowest position as for as
groundmat yield is conterned, '

The highest yield of groundmut has been recorded in
Ferozopur during 1965«66 and then it shoved decline up to
1969, After 1970-71 it is almost stagnant and has decresscd
during 1975, In Bhatinda 1¢ has shown general incrense
after 1963 vhich contimued till 1968, It declincd between
1968 and 1971, Thip district attained the hipghest yield
during 1972-73. The years of 1974~75 have witnessed decline,
In Sangrur it has shown only small fluctuations up to 197172
and has decreased rapidly from 1972 to 1974,

The groundmut yield has shown a declining trend since
1961-62 with minor increases over certain years, It has shown
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Qeg:@asing trend in Kapurthala and Jullunder. The groundnut
yield has not shown any remarkable changes in Patiala up to
1968,  dbut after 1969 it has increased but again deoreased
during 1974~75, |

4,4 Intonsity of Cropping

‘The intensity of eropping is &azineé as the extent
to vhich net area sown 1s cropred or resown. The total
eropped ares as per centage of the net area sown is s moagure
of the intensity of cropping. It depersdls upon many factors
in a particular reglon. Adeguate irrigation facilitics
eapecially tubewell irrigation, coupled with rotation of
short duration crops had helped the farmers of Punjab to
cultivate land more intensivalyen~

The intensity of cropping im Punjab was 125,94 per
cent during 1960=61, which rosge to 131.57 per cent during
1966-67 and 160,09 during 1970~71. It further incressed to
the level of 146.71 per cent during 1973-74. On the vhole
intengity of cropping has witnessed fluctuations over the
time period but the trend is towards the increase since
1960-61 as is clear from the graph {fig. ).

| The highost intensity was recorded in Amritsar
(137.345); vhile the lovest by Kapurthala (113.8%%) during
196061, It rose to 158,18 per cent in Amritsar during
1966-67, while the lowast intensity during this period vas
witnessed by Ferozepur (117.00%). During 1970~71 Ropar
became the leading district with an intensity of 165,88
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per cent vhen the state average was 140.83 per cent, But
ludhiana occupled this position during 1974~75 and Bhatinda
was relegatod to the lovest position (118,66%) during the
year 1974-75. ,
h | Table 4.3 and the graphs (fig, ) clearly depict
the yearly variations in sll the districts from 196061 to
1974-?*5. However, the general trend is towards increase in
most of the districts. It has been noted that in most of
the districts the fluctuations in intensity of cropping are
more pronounced duﬁng the pre~green revolution period,
‘Since 1965-66 the crop intensity has shown continuous
increase in Ludhiana and Jullunder districts. In Kapurthala
it has shown a continuous decline from 1964+65 to 1972«73
after 1972-73 it has registered aome ixizmasé. In Hoshiarpur
crop intensity has shown a contimious inorease from 196162
to 1966-67, aftervards it has declined from 141.66 per cent
in 1966+67 to 136.92 per cent in 1969-70, but since 1970
At has shown an inCreasing trend, Similarly in Ropar, the
intensity has declined during 1964«65 and 1965-66 and since
1966=67 it has shown increasing tremd. The intensity of
eropping has ghown a slight increase in Ferozepur district
with sinor yearly fluctuations. It is highly variable from
one yeer to the other in tho districts of Patliala, Amritsar,
Gurdaspur, Sangrur and Bhatinda. In Bhatinda it was 117,71
per cont during 1960«61, while during 1974=75 it is recorded
to bo 118,66 per cent, shoving no significant increase over
these 15 years.
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Agritsar which was the leading distriet in Punjab in

respect of crop intensity during 1960-61, has slso shown great
fiuctuations up to 1966-67, It has shown a alight increase
after 1970, though it has all along been abnﬁ'e the state
averago. o -
Patiala is another district which has shown well
marked yearly varistions, but in general, 1962, 1964 and
1969 were the pronounced years, but since 1969 the tremd is
tovards increase, It is rocorded to bo 155,81 per cent
‘during 1974«~75, as compared to 136,37 per cunt in 1960-61,
Sangrur has alsc shown a declining trend up to 1968«69, but
since then it has been ceﬁtimcusly incmgsmg with the only
exception of 1970«71, Gurdaspur has shown an overall increaae
from 135~21 per cent during 1960=61 to 151,18 per cent during
197475, To depict the apatial pattern of intonsity of
cropping certaln timo péints have been choagen and the dise~
tricts hove been grouped in variocus -inﬁensity categories.
Year 1960-61 and 1965-66 have been chosen to represent the
crop intensity during the pre-green rovolution period and
1970=71 and 1974=75 are the periods of postegreen revolution
years,

LS



Intensity of Cropping = 1960-61 to 137:»75

~gGraas- AGFite Kapure Jullun- Hoshiar— Ropar —Tadhla- Ferose- Dl ;anam.m bzmg» ?atlm» To=
Year _puL .. B BT T TN NI ~ WBPON - - W S ad.
1960=61 135,21 137.34 113,30 122,18 120.59 126.36 125,85 116,12 m.,'z*l_ 137.24 136,31 125,94
1961-62 132.86 130.25 114,03 120.83 126,87 135.77 124,75 119,12 M9.7% 136.61 122,67 126415
106263 150,37 152,28 131.8% 126,86 133,48 133.94 127.33 118.68 121.26 139.86 128.83 129,74
196366 139,17 146,08 128,20 122,30 135,80 138,53 130,62  119.39 114,48 130,99 124,30 126,66
1966-65 140,52 155,42 131,40 130,68 137.11 130.82 139,53 120,24 122,16 134,38 127.73 131,57
1965-66 130.67 146,29 126.40 130,22 137,35 128,18 137.82 118,50 116,26 123,31 140.79 128,50
1966-67 139.35 158,13 122,13 133.08 141,66 125,01 140,65 120.60 117.00 130,04 141,61 133.09
1967-68 133.00 156,19 122,30 134,64 130.31 147,58 143,26 131,06 128,61 139,33 132,80 136.29
1965-69 136,36 151,50 121,09 133,92 137.60 148,71 149,20 12659 122.69 138,49 126,43 134,17
1969-70 149,21 147.28 115,32 136,78 136,92 W0.30 153.50 127,28 132,39 144,41 130.12 136,55
1970-71 140,69 150,00 117,42 13875 142,21 165,83 155,69 130,92 134,78 141,42 142,37 140,09
197172 142,24 140,48 117,42 U647 147.82 151,69 160,69 131,94 126,20 1&8.0@ ‘141.86 140,45
197273 5,73 150,25 116,79 W6.71 155.11 152,45 160,99 13031 139.17 150,22 151.43 15,15
197374 146,51 158.33 122,72 W0.65 150.68 154,47 163.46 134,36 135.61 152.00 149.48 146,17
197475 451,10 155,05 126,81 150,63 146.45 15853 164,30  133.78 118,66 155.75 155.01 144,24

Sources gomputed Srom the data obtained from Statiat
overnnent of Punjab,
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CHAPTER S
CORRELATES OF PRODUCTIVITY

5,10 The Varisbles Considercd

In the present chapier an attempt ﬁa& been mode to
analyse the value productivity of some selaéted erops in
Punjab and its aarrélates, In the first exersise contribue~
tlons of variocus variables in explaining the variation in
productivity have been analysed for certain selected yeors
for the state and in the second exercise an attempt has boen
made to snalyse the spatial and temporal wvariations in
productivity and its doterminants including various paremctres
of water. As the productivity is & function of a combination
of factors, & mamber of variables have been chosen to explain
the temporal and spatial variations in productivity, The
dependent warisble {productivity in value terms) has deen
explained by volume of canal water, volume of rain water,
volume of groundwater, volume of total water {ail sources),
the fertilizor consumption por hectare of gross cropped area,
area irrigated under the six selected crops as percentage to
the gross cropped area under these crops, number of agricul»'
tural workers to per hectare of oultivated land and the

- QY =
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percentage to area under these six crops. 'znié analysis ig
based on the time series data from 196162 to 1974=75 for
irdividual districts. But the HYV as an explanatory veriable
hag been included in the sﬁzﬁy from 1969-69 to 1974«75 and
the munber of workers from only 1962 to 1971 due to tho non-
avalilability of data,

5+1.1 ‘The Value Productivity

In the present study the value productivity por
hectare has been calculated for 'the sixz sclected crops l.e.
wheat, rice, mi;éeﬁg cotton, augamm'a and rapg and mustard.
To obtain the per hectare value productivity, the production
of vach crop in the district has been multiplied by the conse
tant prisea' of respective crop for the year 197&*?5, and thus
the wvalue of totel output from six crops is added and divided
by the area under these six amﬁsz@ The value productivity
for each digtrict has been calculated for all the years from
196162 to 1974+75 and 1t is given in the table 5.1

The productivity per hectare during 1961+62 was
5+ 1765 vhich rose to 15,2826 during 1974«75, the general trend
~ has been towards the increase since 1962, except for two
years when the productivity hod shown slight decline, It
has also showyn an increasing trend in all the districts over
time. The lowest productivity was recorded in Bhotinda
during 1961-62 {314754) and the highest in Patiela (R.2239),
During 1974+75, the highest productivity was recorded in
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Ludhiena (B.3341) end lowest by Bhatimda (%.2361). It is worth
mentioning that the lowest mduct.iviw' in 19754«75 has
surpassed the highest in 3:961*62-;‘ .

Five categories of productivity have been identi-
fied for the year 19662 and 1974=75 separately. During
1961~62 the average value productiwvity per hectare for the
~ state was B.1765, The districts, having productivity ranging
from 1700 to 1300 have been grouped in mediun productivity,
from B.1000 to B.1700 as low productivity and below Is. 1500
very low productivity, The district, having pm&uetiﬁfj:y
more than %.1900 to 8.2100 have been designated as high
proguctivity district and those having above 15,2100 as vory
high productivity districts, Similar categories have been
made for the year 197475, but as the average value produc-
tivity per hectare for the state rose from #.1765 to $5.2826
during 1974~75 the productivity levels for all the categories
were changed, The loweat productivity with B.2361 was
recorded in Bhatinds which in fact is nore than the highest
productivity of Patiala (%5.2239) during 1961-62. For 197475,
the districts whicn have recorded productivity ranging from
152700 to B.2900 are considered as smedium productivity dis-
tricts, from 13,2500 to 13,2700, low and below K.2500 as very
low productivity districts, The districts which have
“pecorded productivity sdove R, 31{30 have been designoted as
very high productivity districts and from f%,2900 to %.3100
as high productivity districts. The table gives the category
classes and the districts in each productivity category
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during 1961-62 and 1974~75.

Table 5.2

Productivity in &,

Category

Name of the Districts

Below %,1500
5. 15001700

54 1700=1900
e 19002100

Very low
Lo

Bhatinda

Curdaspur, Amritsar,
Rapurthala, Hoshiarpur,
Ferozepur

Jullundei

luadhiena, Patials

Productivity in i,

éaﬁegory | '_

R&m ésf the Bistrmﬁs »

Below R, 2500
Rse 25002700
B34 2700-2900
R, 29003100

Above 13,3100

Very low
Low
Hedium
High

Very high

Hoshiarpur, Bhatinda
Sangrar
Gurdaspur, Ropar, Patiala

Amritsar, Kapurthala,
Ferozepur

Jullurdier, Ludhiana




. The tables clearly show the fsc¢t that the value
productivity is very high in Ludhlans, as compared to other
districts of Punjeb in both the time periods, Bhatinda

| _tans&stantly‘raméins-in the very lov productivity category

during both the periods, Amritsar, Kapurthala and Ferozepur

fall in the high productivity category during 1974-75, while
all these three districts were in lov produstivity group
during 1961-62, Patiala whiah wvas in the very high produce
tivity category during 196162 has relegated back in the

‘medium productivity category during 1574-75 while Sangrur

has shifted to the low productivity group.

| The year-wise trend of productivity for esch dise

“trict is given in the table which clearly shows that

productivity has generally an increasing trend in all the

districts,

5:1s6 Consumption of Fertilizers

The chemical fertilizers is one of the important
components of the package technology adopted in Punjab, The
high yielding varieties, by thelr agronomic trait are
fertilizers intensive. Az the farm yard mamure and green
panuring éannat\possibly meet the full reguirements for
replenishing the soils at higher levels of production
envisaged under the new technology, the use of fertilizers
| i3 of pgreat importange to exploit fully the potentialities
of higher yieclds. To maintain the present tempo of production
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even under continuous cropping, the adequate supply of pl‘am:
mitrients in the form of manures and fertilizers is
necessary, Punjab is the leading state in the consumption of
feortilizers as it uses 74 iy per hectare of the cropped area
as againét 25 iz per hectare ét the nstional average,

The fertilizers wore introduced since 1960-61, but
it waa only 627 iz por hectare during 196061, but it has
show a gteady increase in the consumption of fertilizers
up to 1966-67 and it rose to 9.635 iy per hectare, It
witnessed a very rapid increase after 1966-67. 7The ferti-
lizer conmumption has shown deSline from 34,750 & per hectare
to 31.032 kg per hectare during 1969«70, But since 1969«70
it has risen up éentimms}.?. It decreased to 42,003 iy
per hectare during 1974~75 as against 55.193 k per hectare
during 1973-74 due to veory higher prices of fertilizers.

However, the c¢onsumption of fertiliser per hoctare
of the gross cropped area has shown an increase from 1960-61
to 197374 with only one oxceptionsl yesr of 1969—70, but
the rate of increase in the consumption of fertilizers is not
the same for all the districts in the state, It L5 clear
from the table thot 1t was highest in Ludhiana during
1060=61 and lowest in Amritsar, The consumption of fertilizers
in Ludhiana increased .at a much faster rate as compored to the
other districts in state even in the pre-green revolution as
the district was one of the seven districts gelected for IADP
in the country during 1960-61, In Ludhiana it reached to
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~Gurdag- Amrite  Kapure Juliure Mosine ’?‘%ax’ Mhia» ?emzew Phatin. gang*-“?aﬂam Maﬁ
Year par sar : thala der pm' Tar da la

Y9B0-61 295 205 54k MATB 1165 = 551 02 J465  JGHD  o47h 62687
1961-62 1,199 .856 2,032 4704 3.0424 w 5,508 14,605 1,087 1.556 1.095  1.961
1962-63 2.713 2,230 3.212 6746 6.267 = T3 3946 2516 2,581 1697 3510
1963-64 4,887 4,855 4,741 10.076 6,613 o~ 10,627 6,471 3.780 4,507 3.148 5,575
196465 B.OT7 7,417 8,869 14,407 11,036 = 15,768 9.222 5,090 7.772 5.941 8,588
196566 7830 7.678 10,417 .957 12,739 =~ 24,034 8,150 5,215 8,167 6,020 9,402
196667 7.45T7 8.413 13,810 18,168 11,220 - 24,126 7.943  5.39& 6,657 7.824 9.635
1967-68 20,030 20,627 24,402 36.025 23,034 - 38,285 15,321 13,091 14.840 17.468 19.486
1968=69 31,410 35,303 38,181 54,236 32,656 28,760 64,912 32,062 21.736 26,406 31.807 34,750
1969-70 32,386 43,187 36,667 46,778 26,504 23.864 52,315 24.833 15.194 25,260 34.050 31,032
197071 41,720 50,138 47,718 60,005 20,027 25,697 67,008 31,808 21,723 32.120 34,148 38,144
1971-72 52,704 57,689 76,030 75.711 33.020 37,387 B3.019 37,570 28,401 39,915 51,895 48,456
1972+73 55,923 62,541 83.716 82,755 35.470 44,976 97.446 49,409 33,637 44,086 54,770 55.581
197370 60,728 64,236 77.962 89.733 38,771 45,073 87.264 49.73h 29,453 A43.248 52,728 55,193
197475 35*1‘35 1&5.05? 54,747 61&.028 28,502 35'23\3 45,760 49;6"!9 3’1@8? 1 39.388 56,610 42,093

7
Sources ct)mpui:ed from tha data obtained from g 2 W.B. Donde and Darris D. Bx-mm £ 20
- L India (unpublished) (Fertilizer Associntion of zmua, New 1

P : !.eea the Fertilizer Asscciation of India, £ {za :
g
19
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24,034 y per hectare during 196667, and Patiala was the lowest
consumer of fertilizers (6.020 y per hectare) during this
year, , |

The year 1969~70 has been noted for the decline in
the consumption of fertilizers in most of the districts except
with marginal increases in Patiala, Anritsar and Gurdaspur.
During 1970-71 the consumption of fertilizers again went up
and it reached to 67.0 i per hectare, and 60,1 i per hoctare
in Lughisna ami Jullunder reayeétively 'ag.ainst the gtate
average of 38.4 iy per nectare. ' Bhatinda had the lowest
consumption with 21,72 iy per hectare vhich was far below the
state average. Besldes Bantinda, the ‘eemﬂtim of forti-
lizers was below the state average in Patiala, Sangrur,
Ferozepur and Ropar during 1970-71. In Ludhiona the con
sumption of fertiliser touched all time high during 197273
with 97,45 1z per hectare, but it has declined during the two
subsequent years i.e, 1973~74 and 197475 (45,760 I per
| hectare). Ludhiana became the second largest consumer of
fertilizer in siate during 1974~75 after Paticla with
consumption of 56,610 iy per hectare while Bhatinda remained
the loweast consumer with only 21,911 Iy per hectare., In
197475 nn abgolute decline in the consumption of fertilizer
has taken place in all the districts of state except
Patiala, The rate of decline was also very sharp. The
reason behind this was a very high price of fertilizers and
no corresponding increase in the prices of agricultural
products, ‘
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Mechanlization of Agriculture

Mechanization in agriculture means the use of power.
‘operated ‘mat;hmes to do the various farm Jobs which oﬁxmi.ae
are performed with mamal or animal labour, Mechanization
of farm operations fs another important aspect alongwith
high ylelding varietles of seeds, heavy does of fertilizers
and use of peat%cid’es and ingsecticldes, of the new strategy
for agricultural deveélopment. The double cropping or multiple
cropring is not possible without the use of improved techw
nology a:xd Lform pi*lem:tices even in the irrigated aren or in
the areas with assured rainfell, The HYV geeds have the
shorter period of growth, but they require more sophisticated
farm equipnents to obtain optimum yields and to -éllcw maltiple
eropping. |

' In Punjab the use of machines for various farm
operations has been increasing rapidly since 196667, During
1950-51, only 1,511 tractors were available in the state,
the number of tractors rose to 4,997 during 1960-61, and.
to 10,636 during 1966, But it has increased four-fold from
1966 to 1972, when the mimber rose to 41,185 tractors.

The mumber of tractors was highest in Femzemr
during 1961, vhen there vere 1,378 tractors in the district
out of total tractors of 4,997 in Punjab, vhile there were
only 95 tractors in Kapurthala in 1961, The avallability
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| of trac;mm per 1000 hectares gross cropped area is also
given in table 5.5 which reveals that it was highest (1.48)
in Ferozepur during 1961, in Ludhiana during 1966 {3.878),
in Jullunder during 1972 (11,338), The number and per hectare
availability of troctors wes found lowest in Ropar during
1972+ The availability of tractors has been recorded to ’be
04375 in Hoshiarpur and 0,713 per 1000 hectares of gross
cropped area in 1961 ang 1966 respectively,
541e7 The Number of Agricultural Vorkers Per Hectara
of Gul‘t&?ﬁ%ed Land

The mumber of agricultural workers per hectare of
cultivated lami is also incluwded as on indicator to explain
the variations in 'pmﬁuctiﬂtya. As it 13 revealed by the
table 5.6 that the number of agriculmx‘al workers has increased
since 1961-62, but the increase in mumbder of agriculmml
workers per heotare .of ¢ropped area iz only marginal. The
. number of agricultural workers in Punjsd was recorded to be
+45 during 1961=62 which rose to .57 during 1970«71. It was
recorded to be highest in Ropar during 1961=-62 as well as in
1974=75 (0.75 and 0.74 respectively). It was lowest in
Bhatinda {0.38) during 1961-62 and in Ferozepur during
1970-71 {P.46).

5¢1.3 to 5
The pattern of the variables viz, volume of camal
water, volume of rain water, volume of ground water, volume



. District por

| 'rmctox-s wocz hectgere irasme 1mo heetgga 'Tmc\sers um heetares
Gurdaspur 108 0,375 234 0,713 - aww 5.822

Anritsar 237 0.532 560 1+ 135 3893 6,643
Kepurthala = 95 0,748 74 %,101 1150 7,419
Jullunder 369 %135 813 2,329 4717 11,338
Hoshiarpur 164 0,567 381 1,233 2061 5.510
Ropar - - 1ho 0,992 625 3,480
Ludhiona 458 w257 1625 3.878 4764 9.322
Ferozepur 1378 1.483 3130 Je304 . . 10353 9.352
Bhatinda 1153 1,621 1653 24267 2754 3,383
Sangrur 474 0.793 974 1,705 4278 6.423
' Patiala 561 1,115 952 2,074 W55 8. 114
Total (Punjad) 4999 1,058 10636 2,180 41185 7.195

eoL

Sources Statist! jab, t961, 1966, 1973, Savernment of ?undab (Iﬂdiﬁ);




mim?mmn g?\atms :smg.. m%ﬁ_ﬁb

1061-62 .56 49 A8 .52 W59 W75 A3 ah0 38 W45 B W5
1962-63 .57 50 W85 W5h .59 W75 Wb WA B A6 A 47
1963-66 .58 51 W46 .55 60 .76 NI 7 N N . 4
1964-B5 .60 .51 A3 .55 .60 W5 AT 2 40 48 W43 a8
1965-66 .61 .52 Wb .56 W62 .79 W47 JA2 W1 W8 A3 49
1966-67 .62 W53 Wb W56 .62 - W48 W43 b2 .50 Jb W9
1967-68 .66 .56 48 60 .65 a6 .53 9 50 W56 .52 .55
1968-69 67 .57 W48 61 67 86 .56 B2 .53 .58 55 57
196970 .72 .68 .53 .66 .65 .71 W67 W45 A7 W55 .58 .57
197071 .67 .69 .Sh .68 .65 R S e S S -

Sources Computed from the data obtained from Goverament of Punjab (India), The Statistical Abstract
9_;§ Punjab, 19621972, - '
{o3
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of total water, and area irrigated under the six crops as
percentage %o area under these ¢rops has been discussed carlier
in chpater &4, ' '

S.1.8 High Yielding Varicties of Yheat, Rice and Maize ;

Introduction of the seeds of high yielding verieties ,
of various émps is an important innovation in the agricaituml%ﬁ
sector for achleving a rise in agricultural production
through a nevw strategy for agricultural development during
the Fourth Five Year Plan, The programme vas launched in
the state of Punjad during the year 1966~67, in 90 develope
ment blocks vhen a high yielding variety of vheat “lLorma
Rojo® was imported from Hexico in 1966~67. PV 18, Kalyone
Sena=-227 are other varieties evolved during the same years
Sonalika 308 and triple dwvarf varieties are latest recommended
by the suthoritiaes on agrimlture.s‘
Sonara 64, Sharbati Sonara, Chotti Lermas, Safed Lerma and
some other warieties like L 306, C-273, C~591 sre also
reconmended for cultivation in the state,

In 196768 the area under high yielding varicties
of vheat accounted for 34.69 per cent of its total area, The

- Except these varicties,

response of farming cozomunity was quite encouraging in case

ke

1 Governnent oann:;ab, scononics of 'If 01 u
and Economic of Produc VMMWMM?
‘,‘."’ of uhea i@mmmmmmxaaf

oy g

ANAAZarR, 1975)«
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of adoption of HYV vhesat bocause of higher viecld expectation
61? these worieties, The area under HYV has shown a continuous
increase since 19671968 and rose to 88.26 per cent during
1974=75 of 1its total area in tme state. In the beginning the
ares under HYV wheat wvas highest in Ludhiana district vhore

1t accounted for 57.89 per cent of the total cropped area of
the digtrict vhile it was lowest in Gurdaspur vhere only 8.13
;ﬁer cent of the total cropped area under HYY vheat, The area
under HYV has increased almost in all the districts ot 2

very fast rate since 196667, It shot up in the districts of
Amyitsar, Juilmﬂer, Ludhiana, Sangrur, Bhatinds, Patiala

and Kapurthala alsos Its area in Gurdaspur, Hoshiarpur, Ropar
and Ferozepur was slso sbove 60 per cent, The HYV vheat has
shown a rapidly increasing trend and has replaced the indiw
genous veristies to a larger extent in most of the districta.

Rice has been gaining importance in Punjab since
1963, It is grovn entirely for marketing ocut. The rice
varieties nanmely Jhona=10, Jhona=227, Jhona=-349, Johna«351,
Palman Safed=246° vere recormended for the commercial
cultivation in the state in the beginning. IR-8, Jaya, RR-106,
Palmen-579, RR-103, HIO05 and Basmati 370 have also been
reconmended for cultivation in Punjab, All these varieties
are seml dwarf (100 cm tall) except Basmati 370 which 1is
150=160 cn tall and possesses superfine quality rice.3 Ali

2 K.3. 0411, "Punjsb’s Impmved Kharif Varieties®,
__m 17 July 1979, 1D« 610,

3 1vid,
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these varietles are stiff strawed resistant to lodging and
highly responsive to doses of chemical fertilizers and other
inputse.

Although the turning point in rice cultivation came
in 1965~66, when a new varlety of HYV rite was developed in
Taivan and introduced in Punjab, Ewven then the sproad of
ares under HYV rice was slov as compared to that of vwheat,
Only 3.45 per cent of area of the total area miﬁe‘r rice
;;:tmsis’hed of HYV during 1967-68 in Punjab and up to 1970-T1
!:-.;he. insrease in the ares under HYY rice was very slow as 1t
accounted for only 33,33 pbr cent of the total rice area In
the state during 1970=71. It is clear from the table 5.7
that spread of aren under HYV rige since 1968=70 remained
ai‘mer,a’baent or below 500 hectare in the districis of Bhatinda,
Ropar amd Jullunder, The area umier HYV rice wag highest in
Kepurthals district vhere it accounted for 57.%% per cent
of its totnl area'during 1970«7% against the state average of
3%.33 per cent. Since 1970-7%1 the area under HYV rice has
increased at a very rapid rate, During 1973«74 its area as
proportion to total rice area became 100 per cent in Bhatinde,
Jullunder and Kapurthala while it wag 90 per cent in
Ferozepur and Gurdaspur and 60 per cent in the remaining
districts. The area under HYV rice has increased to 84,53
per cent during 1976-75, from B3.26 per cent in 197574, but
during this year some digtricts have shown a decline but
others have registered further increase,



Table 5.7

District

1967-68

Gurdaspur
Anritsar
Jullundor
Hoshiarpur
Ropar
ludhiana

| Ferazegmr
Bhatinda
Sangrur
Patiala.
Pungab

6.206
24,659
32,128
31,645

10,313

7.597
39,430
19,649

9,688
26.639
16,520

204255

1968-60 1969~70 1970-71 19772 1973  19737h 1975

27.819
37.512
394399
47,654
21,102
18.078
58.879
31,374
304553
40,879
37.780
36,029

32,428
45,906
83,356
56,850
27.916
23,900
60,247
57,482
37,150
53,689
46,798
43,607

52,024

59.574
59,262

28,853

20,202
62,393
44,894
ar.832
53,982
46.517
45,782

46,929
60, 186

T5.389

60,948
29,105
23,643
62,927
54,120
26,961
53,811
61,229

50,410

63,721
79.722

- 69,218

29,055
31.693
65,173
48,406
36,308
60,955
57.7197

534803

47.842

59,101
- 69,542

77.966

66,845
34,246
3h, W6
64,283
54,033
41,064
64,605
62,574

57.378

65,812

43,106
38,554
66.615
59.382
81457
65,931
65.939

59 435
. 81.353

Sources C

1969-75,

ed from the dats, Government of Punjab, Statist

Lot
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The maize varietles viz, composites, Vijay amd
&ge‘gi?iﬁ and Hybrid Ganga 5 have been recommended for cultie
vation. In sddition to these varicties there are many new
superior varieties under evaluation like J 54 (Pratap) and
Sangamﬁ It is eﬁtmtad that these will give higher yields
by offering resistance o lodging and vorious crop diseasesn.
- Though, the maize holds an important place in the é:mpping
pattern of state and accounts for about 10 per cent of total
cropped area, it has not proved a profitable crop. The area
under HYV malze accoupted for about 10 per cent of total
‘cropped areas The sres under HYV maize sccounted for 1.62
per cent in the state during 1967-68, The districtevise
proportion of area under HYV maize ronged from 0 to ‘3 per cent
with only one exception of Ludhiana vhere it was 5,26 per
cent, The HYV maize has shown a slight increase in the
beginning up to 1969«70, as it rose to 9.73 per _cém: aurins
this year in the state, and alse recorded an inerease in all
the districts. But since 1969-70 the trend in tho spread of
HYV maize area 1s, on a vhole, towards the decrease with
exception of a few districts. The table clearly shows
that the area under HYV has been highly variable in all the
districts over the time period = 19&§-76 and 197374, On
the whole the HYV seeds have not dbecn able to achleve a
thrust in the state becouse the quality of HYV grain docs not
compare to the desi variety for vhich the people have

4 Ibidey Do 10
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preference due to taste and also because input cost is nmore
for the HYV maize than the desi. |

Except cereals the HYV varieties have also been |
introduged in other orops. But the cultivation of thesge
¢ould not be as popular as the vheat and rice, In desi
cotton a voariety G-27, vas developed and relensed in 1969,
folloved by enother variety known as ID 133 released in
1978. In American cotton a new variety of F-414 has beon
-develaggemg

Co.Je 64, an early'maming sugamne has become
the most popular variety in the state. Co.J.46 and Co,1148
{late maturing variety) are the other two popular varieties
being recommended for cultivation in Punjab.®

The variety, Punjab G-Nut I developed in 1953
covered the entire area in the subsequent yoars. In recent
years H-13 hag been released in 1972,

As the data for area under the HYV warieties of
cotton, sugarcane and groundmut is not available, the spread
of area under the HYV crops could not be included in the
above discussion,

542:0 Correlation Matrix

The correlation matrix for each district for o time
period of T4 years is given in Appendix tabdle vhich reveals

5 Ivd,
6 Ibid.
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the package of technology without water and tha present
matrix (Table )} does bring out the importance of water.
The productivity with volume of ground water shows o positive
correlation of 0,736

The correlation matrices for all the districts of
Punjab over a tinme period of 14 years almost conform to the
state patiern. The productivity has highest correlation
with HYV in Ludhiana, Hoshiarpur, Ropsr, Ferozepur, Sangrur,
Gurdaspur, Kapurthala with coefficients of correlation of
0.859, 0,872, 0.751, 0.971, 0.898, 0,970 and 0.891 respece
tively. In ludhiana, Hoshiarpur, Ropar, Sangrur snd Gurdasg-
pur the second ¥ariaoble whieh is highly correlated with
productivity is the proportion of gress irrigated area of
the pix selected crops to their gross cropped arca, The
coefficients of correlation vary from 0,893 in Gurdasgpur to
0,659 in Ropar. In Ferozepur and Kapurthals second variable
is found to be consumption of fertilizer and the irrigation
comes third in terms of the value of coefficienta, In
Jullunder the proportion of gross irrigoted areoa has the
highest correlation with productivity vhile in rest of the
three districts i.,e, Amritsar, Patiala ond Bhatinds, the
productivity is highly correlated with fertilizer consumption,
In all these three districts, the second highest correlation
is with HYV invariably followed by irrigation, This again
refiectes the complimentarity of these package inputs.

Uhen we examine the coefficlents of correlation of
productivity vith the various parametres of water availability,
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the patterm is very interesting, In ?dn,jab as 8 vhole the
productivity is positively correlaeted with water aveilability
particularly ground water (»r = +0,736). In Hoshiarpur,
Ferozepur, Sangrur, Patiala and Bhatinda the ground water is
highly correlated with productivity, coefficients of corre~
" lation being 0.608, 0,262, 0,841, 0,75 and 0,449 respectively.
In other districts tho irrigation itself ppeaks of the hipgh
correlation where it is available fron various sources. The
complimentary mature of these imputs comes out clearly in the
step-wise regression, exercise vhich provides a measure of
the rale’ of theée inpuiﬁ in agrimﬁzm& djeve*lément;
5.2.1 BStep~wise Regression Analysis for Temporal
Variations in tndividual Digtricts

A maltiple regression analyais ig attempted to gsec
the best possible explanatory variebles in ecxplaining the
variations in value productivity of the selected orops in
Punjad from 1961«62 to 1974-75, In this exercise the
regression aqnaiti‘ana for various stops have been obtained,
The annlysis shows the contribution of an added varlable in
explnining the variability in dependont varieble with the
help of the differcnce in the values of R%, It helps to
soe as to vhether the new voriasble 13 vorth including in
the model or not.? (By secing the changes in the values of

"),

7 Aplan Hahmood, Sto
{lov Deinlt Rajes
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‘For the step-wige regression analysis the same elight
explanatory variables have been taken as in the cuse of
correlation matrices. Tho step-wise regression oanalysis has
been attempted for all the districts tekinp the fifteen
.00 196162 to 197475 s observations.
| The table 5,8.A-L giving the results of the stop=
wise regression anslysis for individual districis provide the
contribution of the seleotied variables in explaining the
variation in'productivity over time, It has been attempted
in the following paragraphs to bighlight the results in order
to get an idea of the spatisl pattern of the behaviour of
variadles.

O The step-wise repgression axialysw fer the atate as
a vhole shows that the maximum variations in agricultural pro-
ductivity in respect of six crops is explained by HYV area
(X5) to the extent of 91 per cent. The rogression coefficient
is nighly significant at 1 per cent level of significance.

As the other variables like fertilizer consumption, total
water value and labour and irrigated arca are added in the
subsequent step the vnlue of Ra has decreased and it has algo
roduced the level of significance for HYV (xa) which became
significant at 2 per cent level in second ond third steps apd
at 5 per cent level in the 4th and 5th steps. This probably
happens due to tho colinearity within the variables.

a Tho volue of F ratio shows thot the enalysis is
significant up to the last step,



Table 5.8,A

Step Variables Repgression ﬁz Difference ﬁa 3
Coefftcients o D2
in R
S Xy 16, 105% 0.9101 - 0.9101 120,206%
o Xg 17,6920% 0.9101 0,0000  0,9025 55,339%
- w—

2 Significant at 1% lovel
## significant at i level,
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“Step  Variables Regressiom
tep mﬁ?zﬁem

I - xa 194;9@& mﬁiiﬁg - ;'91&09 ' 1880.‘('0&&

21,1850 9506 0057 9467 106.486%
11 |
265,801

24,389%  0,9545 L0039 L9183 68,4408
289,459
Xy -0,61h

iIx

J 8 8

Gbi

®  Significant at 1% level
%8 Significant at 2% level



Table 5.8,C

Stép_ ffar!.ablevs» Regreésién écéfgicient | éﬁ | iﬁarﬁaé& in ai B 'Rﬂ ) | 1? "
I x6 20, L41% 8408 W = L8408 63,208%
Xg 17.565% 0,8630 0,0222 0.8519 34,652¢
Iz Xg 15,006 | |
111 Xg 15,798 0.88%7 0,0187 08593 24,854k
Xg B.12% | . |
w %6 54650 |
g 14,790 0.9025 0.0208 0.8762 20,919
g 11,452
Xy 398,593
v *g 6,331
X 10,868 ‘
X7 396,085

-1



Regults of Step-wise Regression Analysis
Kapurthala -

i

" Regression

Step  Variables  Coofficlent R®  Increase in A% 72

1 X3 12,930*  0,7921 = - 0.792%

Ix
428, b4k

16,051# |
609,260 0.8190 0,000 . 0.7849
"‘0.2&6

I1x

AR ol A A

14,026%  0,8100 0.,0179 - 0,7938

b5, 679%

23.423%

1h.995%

# Sismificant at %% level.

FANY



Tab}.@ 2 ws GE

’ Jununéer o

Step V‘ariébléaw Régreséim
- Copfitcient

T %, 43,9700

31.539%
3.835

IX

31.011*

3.093

111

Nl AV A A o

' 55»815*

9.381e00

~337.098%e8
"’9*55 ) Lo

v

g ol AV e

X 38.359°
Xg 9,516%8%

Xy ~379.6930¢
Xg 10,232
X ~ 0.016

RS

0.9120

0.,9273

0,9350

0.9584

90,9604

Incmasa m ;

-

0.0953

aam.??j

0.0234

0.0020

0.9235

02467

0.9409

125,586%

- 69,900%

48,526

52157

38, 029%

= SIgnificant ot 7 Tevel
&%  gienificant at 2‘5 level
a8 gimmificant at 5'5 level

ot



Table 5.8.F

.Stép Varie.bz.és Regresaion Ri o V-’fmx‘éasﬂ ‘izi ?
| Ceefficient i | o |
1 Xq 16.715* 0.7603 - 0,7603 38,081
Xg 13.335% 0.8208  0.0605- 0.8066 25,235
Iz X5 0.812 |
g 13,5349 |
111 X5 0,856 0,8556 0.0348 0.8299 19,8774
X, ~0.032
'xa 1.295%
Iv xg D772 0.8742 0.0186 00,8353 15,5852
X5 18.029
Xs 0.434 |
s, «0.025 0,8836 0.,0054 0,8335 12,227%
X7 ~222,426
X6 - 9,152

®  Significant at 1} level.

61t



Table 5.8.6

Step Varlables Regression ~ 2  Increase in R g2 e
| Coetfislent @ A e e
*s 39.050% 0,7396  0.2335 0.7072 9,921
e ~28,035 |
Xq 32,872%4%
I Xg  =32.079 0.7638  0.0242 0.6972 6,471
X5

® Significant at 14 lewvel
## Significant at 2% level
#u23ignificant at 5% level

octL
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B e e

Stop Variabloo

e

Regronsion
Cag’g iciont

i

1I

2g
g
Xy

111 E?

o A

1‘85%1*
53,4559
340,605

61.840"
332,132
0.02%

67,5132
350,943

0,023
- 1,656

0,8262

0.0278

0,0162 0.7921

00048

® 9ignigicant ot %1 levols

0,775

15,6060

10,7124

54



Table 5.8, I
Rosults of Step-wise Regression Analysis
Ferozepur |

Step

Variables

‘Regression o2  Increase in
Coeff Lcient '

R s"

II

11X

19, 408% 0.9428 - - 049428 197.976*

17.301# : :
8.455 G,9467  0.0039 049428 97.909%

12.761% .
8,582 0.9467 Q.0 C0.9370 19.877#
81,870

* Significant at %5 level.

2z



Table 5.8

J

of Stepevise

Bhatinda |
RGBT ESEION  RE T
Step Voriavles TSN K0 noremsetn® W FT
I Xg 24, 780% 04774 - 0,477 10.993%
Ix Xﬁ 27.798% . ‘
X5 ~15.938 0.5745 0,0971 0.5387 74378
Xy 2473740 o .
11X X5 ~21,535 0.,6130 0,0385 0.5416 5.275%
X,  ~575.224 | |
%g 11,549
IV Xs "“2“‘0 867 00 6625 9.9&95 90' 56 1& —hw 3&20**”
Xy 384,032
Xy T 0,067
xs ""‘30090
v X5 -28,572 0.7140 0.0515 0, 5868 3.990%ne
X «026,502
9} «-0,0614
Xq .90746 y
¥ SignlZficant at W 1evel ’
*#  gignificant at 28 level

aa% gimificont at 5% level

€21



Table 5.8. K
Results of Stepw-wise Regression Analyasis

# Significant at ¥ level
% Significant at 2% lovel
#2431 eificont at 5% level

Sangrur
— S — _—
Step  Variebles Cpg?iciem A2 Increase in k> T F
I %s 16.645%  0.8064 -  0.8066 49,873
g 9.627%#%  0,8704 02,0640 0.8593  36.805%
X 9.697% -
111 Xg 17.668%  0,9196 0.0492 0.9044  38,252%
X, 615,025%%2 '
%q 10,573
v Xg 21.857%*  0,9254 0.0058 0.0025  27.840%
X, 790, 28G%#8% '

w2l



Tabvle 5.8 L

DSited il
Patinla
Step Variables Regression "R% Incresse in RZ e F
caerfmien@sm R 7 . ,_ _
%g 19,607¢
1L X, 512,752  0.8190  0,0621. 0,8028 24.,827%
Xg 21,749%
11T . 791,08529%  0,8574  0.,0%384 0.8317 20, 182%
g 10,978
Iv Xy 99, 146% 0.,9044  0,0470. 0.8760 21.410%
X& 0_*355!}%%‘
Xg 10,097
Xg 9.43h
v Xy 977.660°%  0.9063  0.0019 0.8630  15.318%
X, 0,095%%#
X 2.520 |
& t at 1 T e p )
o SIS oF o) e Fhoniclomt ot 3 dewel

1714 )
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The overvhelming importence of HYV (X5) im explaine
:&nu the variati.son in ;smduatw:.%y showvs that it subsumes the
effects of ather* ¢complimentary variables e,g. water and
fertiliser because HYV camnot go alone, .

Yore or less the ssme pattern in the annlysis emerges
 in the districts also, Sinte the data pertains to £ifteen
years Span, the HYV helped with water and fertilizor hos the
greatest contribution in explaining the variations in the |
productivity. In Perozepur, Gurdaspur,; Hoshiarpur,
Rapurthala, Sengrur and Ropar the HYV explains 94,3, 4.1,
76,0, 7942, 80.6 and 50,4 per cent voriations in productivity.
But in Jullunder and Ludhiana 91 and 78 per cont vardations
m&weﬁvﬂy is explained by irrigation, In the rest of the
~ districts of Amritsar, Bhatinda and Patiala fertilizer
explains Bk, 1, 47,1 and 75,71 per cent variation respectively,
It seems that HYV and fertilizer with water explain the
variations at the first level., In the individual districts
different supporting and complinmentary inputs combine to
increnge the extent of explanation for the variaetion in
productivity. These ontercd into various stops are workers
poer hectare of cultivated ares and tae volume of water
available, which explain the variations merginally. It brings
out clearly the fact that the basic inputs are complimentary
to each otherieo one tends to subsume the effect of the atﬁexf
vhere fertilizers entered first. It decreased the significance
of HYV (Xy) and water because water iz a ;:«rérequi.site for
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applying feortilizers so it subsumes the effect of water, As
the percentage of irrigated area under these crops was
alrecady high and water wag availeble in sufficlent quantm&ea
before the .mtmygﬁion of package inputs,; the maximam
proportion of the variation of value productivity of these
erops has been explained by the HYV and fertilizers inatead
of water, Ags the HYV and fértiliier cannot go alone without
sufficient water availability it cen be concluded that the
effect of water is éubsumﬁ in these package inputs,

S¢3:0 Correlation Matrix for the years 1961-62 to 1966-67

?he per:&ea from 1962 to 1967 is the prewmn
mcmtian pmm* The mrmlats.m matrices for each year
with districts as ebservatians have been obtained to sce
the assogiation of various explanstory vax;iahlea with
the productivity, During this pericd only seven explanatory
variables have been éensideréd due to the absence of the
area under HYV, The correlation matrices {Appendices A«H)
clearly roveal the coefficient of correlation between pro-
ductivity and independent variables as well as the gorrala-
tions between ;bhe varisbles with each other,

Mng 1961-62 all the variables chosen in the
annlysis shovw positive correlation with productivity 'except
the mumber of workers per hectare of cultivated area (X,).
The high positive correlation exists between productivity
end value of total water (X,) (r = 0,690) and volume of
ground smter (Xg) (r = 0,691).
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During 1966-67 the highest positive correlation is
fourd between productivity end velue of ground vater (X,)
(r = 0,612), followed by volums of ground water {x3)
{r = 0,515), | |
Hithin the independent voriables thér fortilizer
cﬁnaummian shous positive correlation m;m woter parametres
.. vlune of ground water and total water in both the
years. This fact obviously leads to the conclusion that
fertilizer is potent aniy in presence of water and always
goes with it.

Corvelation Matrices £rom 1968+69 to 196970

The HYV seeds were introduced during 1967-68 in
a blg wvay and is added ps the independent variedble after
196768, The tables 5.9.A«H show that ‘hs‘;sh positive
correlation is found between productivity and HYV (%5) end
productivity (Xg) and fertilizer consumption (Xz) the
volume of rainfall shows negative correlation with produc-
‘tivity in both the years, Other vater parametres are
positively correlated with productivity,

This reflects the fact that the agriculture in
Punjab had been able to free itself from the shackles of
the envirenmental factor to a large extent at the available
level of technelogy end the other sources of water have
begen made avallable.

The matrices cbtained for 1972~73 and 1973764
gshow positive correlation between preductivity and all



Table 5-3@3\,

{
Step Varlables Regression . e2 2 .
ovep o eleiont RE  Imcroase in R W P
e so——o—————— ————————
1 X, | 0.035%4 1 4475, - J4475 6abg7®
o Xy 0.040%% 5818 L1423 +5387 5036090
Xy 0,048 |

% Significant at 1 level
@c  significant at 3 level
®2% Significant at 5§ level

62t



Table 5.9, B

T Regression ~ T anr . )

Step Varlables Coofficlents R Difference, R F
I X(’ 0, 127n%# 03745 - 0.3745 54389408

X5 448714

X, 0.095 |
III KS TT15 00,5372 04,0950 0.4225 2.712

Xg 24,856

Xg 37.696

X, 1682,135

# Significant at 1% level
%% Stgnificant at 2% level
#Rasignificant at 5% level

e+ 1%



Table 5.9. C

e — fegression -

Step Varisbles o27eitithes A2 2

b4 . xa - 28&&86“ Q5975 - 0.5975 130336*

11 Xg 19,473 0.6938 0,0963 026593 9.068%
X, 0,092
Xy  =15.128

111 X, 0, 190% 0.8779 0. 1851 0,8482 16,835%
Xg 29,609% ' '

v - X4 T 0.191e8
Xg 27.508%# 0.88417 0.0038 0,837 11. 1959
Xg 363,901 -

*  3ignificant at 1 level
¢# Sipnificant at 23 level
2% S4gniflcont at 53¢ lavel

34



Table 5.9.C

sep=wige Regression An
Punjab State
'Steps Variables Regression Gaafﬁcim?s‘ Rﬁ nixfgﬁmmgz o ’R’i F
I Xs ' 15,080% - 0.6352 - 0,6352 15,6607
. Xs IRCEUUIE 07005  0.0653  0.6674  9.375¢
| Xg | 19,068%## o |
111 Xg 12,597 0.7586  0,0581 0.6988  7,364%
xB _—*?4:955 '
X5 23.280%
v Xg 24,330%% 0,8723  0.1137 0,8190  10,326%
| Xg  =38.331ee |
X, 0,078

# Significant at 15 level
*# Significant at 2% level
### Significant at 5% level



f SLODW180 Hegregslor

Punjab State

- ““Regresalon O ' -
Step Variable Coefficionts R® Difforonce in R

z Xy 19,418%  0,7157 -

%s 26,745*  0.8100 0.0943

1X o |
xfi «0,076

Xg 29,1829

mr o ox, -0.078  0.8190 0,090

X ~02,615

P ewe—

- 07157

0.7903

0. 7744

22,647

7. 117%

10,548%

%  Significant at 13 level
#®  Significant at % level
20t gysnificant at 5 level

€eL



Table 5.9« G

Punjab State

Step Varfable  So8T9SSMOD a0 pifference in R 2 P
I X 11,1712 0,5055 - 0.5055 9. 108888
X, 9,877%8s 0.5505  0,0450 0,5012 4,907 H
11 | o
X
4 0.033

®  Significont & 135 level

*®  Significont at

25 level

#6%  gimificant at 5% lavel

wi oo



Table 5,9. G H

Ste Variables itogression . Difforonce in R™ . :
P Costeictients  RZ - %2 P

1 Xg 1M.79890%  0,4542 - AL X
X 8.646 0.5821 0.1279 0.5358 5, 580080

Ix
Xg 8.425
Xg 8,562 |

Iz g 10,206 0.6256  0,0435 0.5314 3,898
-Xl’ -}, 032

% Significant at ¥ level
% Significant at 2% lewel
##851gnificant at 5% lewvel

1241
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other veriables except volume of rain water. The interw-

variable correlations for 1972~73 reveal that HYV (17) is

highly correlated with volume of total water (X,) {r = 0.794)

while for 1973-76 it s positively correlated with volume

of ground water (x‘3) ( = 0,839). The same pattern of

correlation exists botween consumption of fertilizer and

;:ammams of water vhich again show the complimontary nature

of each other,

5.3.1 Step-wige Regression Analysis for Inter-District
Variations in Productivity

In order to w:ertain the contribution of various
inputs in the variations in productivity o*éar timo period a
mnber of -rég‘mai@n analyses have been attceopted, The
- main purpose of the exerclise wag to know the contribution
made by water avellability.

The exercise attempted for 196162 reveals interes-
ting results, The step~wise regression analysis shows that
about 44.8 per cent of the variation in productivity is
explained by the ovailability of water. The availability
of water coupled with proportion of irrigation could explain
58.9 per cent of the variations. Thls reveals the fact that
in the prewgreen revolution water availebility has been the
main contributor to the inter district varistions 4n
productivity,

The analysis for 1966+67 reveals mere interesting
features, It may be retalled that after the midetern
appraisal of the Third Five Year Plan, o strategy for
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increasing the food production was recommended through the
development of minor irrigation and use of fertilizer,
Buring 19566=67 water still remaing important facter in
explaining the inter-digtrict Yaristions in productivity and
the regression analysis shows the volume of total water
explained 37.5 per cent of the veriations. Alongwith the
proportion of irrigated area it %5 adble %o expiain §4.1
per cent of variations, The entrance of fortilizer into
the analysis contributed increased the R2 and all the three
varisbles explained §3.7 per cent of. the variations, The
regression coefficlent iz significant at 5 per cent level
of ﬁi@ﬁi@%e but in the seccnd step it is zignificant
only at 10 per cent level.

After the introduction of high ylelding varicties
of seeds, it nlone explained 59,8 per cent inter-district
variations in the productivity and the regression coefficient
is highly significant at 1 peér cent level of significance,
This is the yaar when the package technology of séed, water
and fertilizer took root, In the second Step the entrance
of water improves the R tut it romalns insignificent.

The volume of ground vater (X,) bas been able to increase
| the value of RZ to 69,4 and the entry of fertilizer in the
analysis further improves the R? value to 8%.8 per cont,
The fertiliser also enhanged the sipgnificance of water fron
ingipgnificance in the previocus step to a level of sipnificance
of 1 per cent, wnile; fertilizer (Xs) ig also significant ot



138
% per cent level of significance, Here one ¢an sec the
interplay of all the three inmts together which are rose
ponsible for explaining the maximus varistions. *

The HYV still remained the most important variable
responsible for inter district variations in productivity
during 1972«73. Tho analyslis for this year shows that HYV
iz able to explain 71.6 per cent of the variations., The

wator st11l remains a supporting varisble and with its
| entry in the secomd step both explained €).0 per cent of
the variations. The regression coefficient for HYV ia
significant at 1 per cent level of significance in both the
steps,.

In 1974~75, with no significant dreskthrough in
HYV and it firmly stabilised in the agricultural system,
fertilizer use became most important variable te explain the
further inter-district variations in the productivity,

- Consumption of fertilizer explained 45.4 per cent of the
variations during 1974-75 and in collaboration with HYV it
is able %o e#plam 58.% per cent of variationa. Irrigated
arca alonguith total water availabuity has tended to
increase the effectiveness of HYV and fertilizer consump-
tion,

The above analysis leads to conclude that at a
lover level of technology water remains the mogt important
deterninant of productivity as is shown by the ezercise
for 196162, Uhen the level of irrigation is inoreased
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 and it touches a maxima, the other inputs became important
which bring a breakthrough in technology and water becoming
constant HYV and fertilizer assume importance in explaining
the znter'-distrmt variations in productivity.

L2 2



CHAPTER 6

SUMMARY AND CONCLUSIONS

In the present work an attempt has been made to
see the spatial and temporal yattezﬁi of cropping, the
behaviour of area and yield of some selected crops (wheat,
rice, maize, rape/mustard, cotton, sugarcans) and their
value productivity, The main objective of the study has
been to analyse the relationship dbetween the water availlas
bility and the productivity, measure t0 know the agricul~
tural development, The water a.vaﬂaﬁﬂity has been worked
out with the help of 1%3 various parametres viz., surfoce
flow, ground water, and rainfall, It was also aimed at to
study the tremd of wvartous other complimentary inputs
like H.Y,V. seeds and fertilizers and their contribution
in the variation of wvalue productivity. It also proposed
to ascertain the Juncture at which Punjab agriculture was
able to neutralise the dependence on rainfall, The avai-
lability of water has been of cruciel importance for the
introduction of high ylelding varicties of seeds and
fertillzers, In this chapter an attenpt has been made %o
highlight the finding of the study., The state of Punjab
has seen rapid agricultural development in the recent ysars,

o 40 -
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8% per cent of total geographicel area in the sﬁateis under
cultivation at present, The yield of wvheat, rice and malze
hes increased substantially, especielly aftor 1967-68, as a
result of the introduction of high yielding varietics of seeds,
in these crops. VYith the result the area and yield both have
shown rapid increase under the wheat and rice ofter mide
sixties and state hos emerged ss the richest agricultural
state in Indla. The state is producing a variety of crops,
but vheat, rice, maize and cotton, sugarcane and groundnmut
are most important of them.

The area under cereals, i,e. wheat, rice and maize
has increased rapidly since 1960-6% and very sharply during
1967+68 and 1970-71.  This period vitnessed a deocline in the
proportions of non-foodgrains. But aztér i971~?z. the trend
hag changed again as the area under non~foodgrains has shown
a slow increesing trend, The area under non-foodgrains 1is
comparatively high in southorn dry districts of Bhatinda,
Ferozepur and Sangrur than in the central plains and northern
districts,

theat is the ioportant rabi crop vhich ranks first
in gtate in terms of areca, The area under wheat in the state
has shown an increasing trend since 1960-61, but the rate
of increase uas slow botween 1960-61 and 1066~67, but it
incressed very rapidly aftervards from 196?-68 to 1971=72.
The proportion of arca under maize to the total cropped area
in the state is about 10 pei' cent, The area under maize
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has shown great fluctuntions since 1960-61, and 1t has shovn
marginal increase during the pariod from 196061 to 1970-71.

The cultivation of rice has become importont since
1966-67 and the arca under rice has increased substantially
in all the districts, Rice ranks second in Amritsar,
Kapurthala, Gurdaspur and Patiala districis. The rice preg
has ricen to 8.07 por cont during 1974~75 vhich wns only
4,85 per eont during 1960-61 in the otate,

The percontage of area under cotton to the gross
cropped area in the state has shown a decrgasing trend from
196465 to 1970«71, but afterwvards it has sliightly increased.
Cotton is very important crop in the southern districts of '
‘Bhatinda, Ferozepur and Sangrur vhere it rankts gsocond after
wheat and occuples 24,47, 18.84, 11.19 per cent area
ragpectively during 1974=75,

The area under sugarcane has increased slightly
in the state, from 1960-61 to 1974-75. It has not shown great
fluctuations over the time period. Rape and nmstaﬁi also
decreased in ares between 1960«51 to 1970«71, and showed an
inersasing trend aftervards. The arce under groundmit has
shown increasing trond from 1960-61 ¢o 1968«69, but after
1968~69 it has boen looing its importance, '

Punjab leads the other states in India in terms of
yields of vheat, rice and cotton. The yield of wheat has
shown an increasing trend oince 1960~61, attoined its highost
yield level during 1971=72 and aftervards it has vitnesszed
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slight decrease from 1971=72 to 1974~75, The yicld of wheat
was highest in Ludhiena (3001 kg) during 1974-75 and lowest in
Ropar (1803 kg por hectare),

The rice yicld in Punjab was 1035 kg per hoctare
during 1960«61 which rose to 2287 kg per hectare during 197374,
The yield of rice in the state has been rising continucusly
since 1966-67. Kapurthala has been ashead of the distriets
vith respect to rice yleld from 1966-67 to 1974-72, but
Ludhiana has becoms the leading {2979 kg) district after
197376, .
. The yield of maize is lower in Punjsb as compared
to the other states in the country (1467 kg per hectare during
1975-76 as againast 3036 kg per hectare in Karnataka). The
yield of maize has shoun larger fluctuations during 1960-61
to 1967-68, but aftervards it registered ingreasing trend,

The cotton yield, has also shown an increasing trend
after 1967-68, The yield of sugarcane in the state is lower
than the other states in the country. The average cotton
yield in the state was 362.3 kg por hectare during 1975=76
as egainat only 139 kg per hectare of the national average .«
The yield of American cotton has ghown contimiocus increase
since 1960-61, but yicld of desi cotton has shown o slight
decline during 1960-61 to 1968-59,

The state hag witnessed a continuously increasing
trend in the intensity of cropping with the ninor declines
in onc or tuo exceptionnl years. The intensity of cropping
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was only '\‘3‘25..9& per cent during 1960-6% which rose to 14h6.71
per cent &u;?ing, 73«74, The highest croppling intensity was
recorded in Lushiana (164,39 per cent) and the lowast in
Bhatinda (118,66 per cent) during 197475,

» The consumption of fertilizers per heclare of gross
cmPPcﬂ ares in the state hags increagsed at a vers? fagt rate,
Thé consumption of fertlizer rose from .63 kg per hectare
during 1960-61 to 55.193 kg per hectare during 197374, Punjab
is the ’ieafding state in fespeét of fertilizer consumption,

The per hectare consumption of fertilizer is highest in
Ludhians as it was 97.45 kg per hectare during 1972#73, The
increase in fertfiizer consumption was very slow from 1961-1667,
but when the H.Y.V. seeds were introduced in 1967-68 the
fertilizer consunption also increassed substantially in all

the districts, |

The H.Y.V, seeds werc introduced in the ‘state during
1966~67, the area under H.Y.V. vheat, and rice has increzsed
ot a very fast rate since then. 84,26 per cent of the area
under rice and 88,26 per cent of area under vheat was under
H.Y.V, in the state in 1974«75,

The nmumber of tractors in the state has also increased
very rapidly. It has risen to 41185 during 1972 fronm 4937 only
during 1961-62. The nunber of tractors available per thousand
hectares of gross cropped area was highest in Jullunder during
1972 (11.338) and lowest in Bhatinda 3,383 only.

The state has an excellent irrigation system. The
£irst canal of Punjeb is 120 years old (Upper Bari Doab canal).
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The canal and the wells are the main sources for irrigation.
The canals are the lmportant scurce of irrigation in Bhatinda,
Ferozepur, Sangrur and Anritsar as above 80 per cent of the
' met irripated area in these districts is irrigated by the
cannls, The 45.&8 ;ier cent of the net irrigated area in the
state has dbeen irrigated by canalz and 54,16 per cent by
wells/tubewells during 197475, The volume of water available
per hectare of gross cropped area from the canals vas 514 n.
cublc metres during 1074=75, vhile from ground water it vas
197 mic.m, during 1960-61 and 349 m.c.w during 1974-75, The
variatims in availability of water has been reduced after
the development of minor irrigetion works, The analysis
shows that the ground water has been gaining importance in
the state after the uidwgixties as further extension of
surface irrigation -;ks«' not poasidble because it has already
been exploited 0 a reasonable extent,

from the results of regression analysis it can
be geen that water parameires beeame neutral in furnishing
explafﬁation to the variation in productivity in Punjab after
" the attainment of a certain lewvel of water technology.
The variance in productivity is explained by othor technolo~
gleal inputs, e.ge« fortilizers consuanption and hipgh ylelding
varietics of seeds etc. at the given level of technology
seeds etc, The regression analysis for the year 196162
shows that volume of water cxplained 44.8 per cent variance
in the value productivity. The valuc of water in ¢olloboration
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“with fertilizer vas still important in explaining the

. productivity variations only during 1966~67 which supports

our hypothesis that after a certain level of water tech-
nology the volume of watg‘r becomes neutral and the varise
tions in productivity c¢an be explained only by the variations
‘in other inputs, Because it 13 a well known fact that HYV
and fertilizer canmot go alone without the sufficient
quantities of water; the emergence of HYV and fertilizer
ag more potent explanatory variable in explaining the
variations in productivity is assumed that these have |
subsumed the effeet of water also, But immediately after
the introduction of HYV seeds it alone was able to explain
the 59.8 per cent of variations and with volume of water
snd fertilizers entering in the third step the wvalue of
R% roge to B87.8 per cent, During 1974=75 when the HYV
seeds got £irmly established the wariations in productivity
was explained by fertilizers consumption up to 45.42
per cent, Similar anaiysis for all the districts over the
time period shows that the variations in productivity has
been explained elther by the HYV op by the fertillzer
consumption in the later years., It means that water still
remains the Rey complimentary input in increasing the
productivity of crops elther directly or indirectly.

| The hypothesis that the spread of area under HYV
and fgruuzer consumption is a function of the parametres



~ of water svailable through irrigation,
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1 the correlation

matrices show s that the rainfall in most of the distriots
of Punjab has lost significance over time. The correlations
between HYV fertilizer and irrigation in almost all the
districts is highly correlated.

A few imporitant points emerge from the above dis-

cusgion which can be highlighted by say of conclusionss

{1)

(11)

(118)

(1iv)

(v)

The volume of rainfall water has been noutralised in
explaining the variations in productivity.

After a certain level vhen water is available to all
the crops, the variation in productivity is explained
by other complimentary technelogical inputs viz,

HYV and fertilizer,

A1l the technological inputs e.g. irrigation, HYV
and fertilizers are complimentary to each other,
After a level atiained by HYV aceds and zn abpenoce

of any new ﬁmakﬂzraugh in research for new varieties
fortilizer explains the wariations in productiviiy
to a larger axtent,

The importance of water at this level can be found out
by working out its timely application mumber of

%t Refer to the Correlation Metrices 1962, 1967 and 1972.
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irrigation, depth of irrigation water in the bedo
and sources of irrigation only at microelevel taking
farms as units of study. This is possible only
through generating deta at tho farnm level by
conducting surveys at a. higher level of research.

Ean



APPRIDIX
gtilization of Punjab Cabalo

Girhind. Danaty B.0.~ Bist Doobe zotal

Yoar U.B.0.0. Oirhind HKestorn Ghah- Bodn. iakbu.
canal cannal nahar canal group O feedor canal 1ine gonal urili.
gation
1931-62 1052934 2153343 333437 101748 N.A, 86482 432553 - 852083 150930 5253415
1962-83 1167747 1931685 351684 132570 2 63425 724459 - 478878 186222 57587233
1083.64 1326052 2370200 455833 119589 2. 85053  B54A520 - 606945 252818 6070092
1054.65 = 1022132 2188170 304333 120350 . 77052 1001459 .o 611805 242007 5560451
1085.68 . 1201967 2164985 331972 144880 2« 68060 643246 - 838635 226887 5520593
1958.67 . 1163441 2231333 20335¢ 112780 1266 73487 812084 8733 676358 240410 5638556
1967-68 . 1154421 2416108 453120 115456 1275 01406 837501 14044 G43346 230982 5980100
1980.G9 = 1305734 23174834 430573 137564 709 91445 T4TBIS 24007 787755 995145  G118371
1962.70 1432510 2304856 474422 153929 §35 2 a7662 0 807926 17226  GRS7D3 288818 6353401
1070.71 1516033 2133786 335370 182461 - 82654 1082625 GI5311 879502 210571  6GO8303
1971-72 1395223 2308312 323703 147339 - 87507 1066662 682105 734358 198509 5210535
1072.73 1713432 2218170 370433 153341 o 101662 710240 746522 500767 204138 6183543
1973.74 1883430 23500453 4720747 157548 . 90030 871581 DA 750764 232086 G704769
1974.76 1350611 1243924 673070 162108 114621 1098379 O4 628140 198243 6073596

% in cusecs doy.

Sourece i~ Irrigation Dopartront, Sovornzont of Punjob {India;,
utilization of difforont cadhals in Punjab During
tho dabi gnd Kharif (unpubdlished) 1082.75.



HRPRUDIX

Area® irrigated by conals in Panjab

Yoar Ourdas. Anrit. Rapur. Julluns. Hoshi. BRopar bLudbi. Foroz. BShoti. Oang. Patis. Punjad
pur sar thala der arpur ana opur nda rup la
1950.81 337 1982 8 - 25 122 4 20 4431  28a1 1349 357 11630
1951.62 318 2074 22 109 122 1 250 4461 2010 1400 340 12017
1062.63 32 1865 22 108 122 1 260 4876 2087 1393 338 12294
1062.64 422 1895 28 23 128 8 250 42090 307 1412 390 12458
1934.68 455 1911 28 97 126 ? 260 4217 3233 1424 340 12098
1965.68 455 1976 28 1na 124 7 262 4435 3865 1420 324 12883
1 1933.67 D7 2040 48 142 128 7 332 4271 3427 1425 343 12650
1987.68 333 2048 57 233 134 11 288 4703 3287 1428 2 12083
1038.69 332 20681 83 235 26 14 200 4598 3237 1442 W09 12097
1953.70 325 2093 54 242 110 20 309 2176 2607 1418 503 13011
1970-71 25 2103 54 143 116 21 aze N7 W7D 1322 508 12353
1971.72 501 2128 54 163 117 21 325 217 33 7 528 13333
1972.73 501 2126 54 17 117 22 274 1984 2369 1255 528 12752
1973.74 574 2133 4 17 1s 24 275 1963 2504 1312 528 12044
25

1974.75 654 21 185 115 25 250 2326 37086 1183 G683 14478

¢ Lrea in 0, hoetarcs,

Bource t-Govornzont of Punjab {India)
Ierigation, floods and wator lojging, statistics of Punjabd,
1233, 197.72, 1974.75, _



A.rea* irrigated by vells/tube vwells

APPEIIDIX

Year T Gupdas- anrit- Lapur. Jullune HoShi. Ropar Ludhie Fofnze Uboble Sange Patio. pPunjad
pur sar thala der arpur . ana epur nda rur la
1980.61 666 933 571 1504 257 178 117 603 54 830 1166 7985
1061.62 580 420 553 1654 251 199 1060 719 33 893 1094 7350
1962.83 607 1049 693 1660 255 200 1080 737 58 935 1118 8B40
1963.64 615 1199 7o 1887 233 232 1050 635 64 932 1026 8421
1984.65 657 W68 760 1693 225 240 1270 S04 73 907 1040 8735
1985.66 634 1098 802 101 3B 244 1231 s287°7 175 904 1043 8232
1986.867 687 1051 722 1620 292 272 1374 687 297 760 1080 8342
1937.68 359 1093 805 1716 274 283 1827 . 527 433 1323 1112 0883
1988.G9 743 1257 892 1881 897 309 1732 1147 1198 2041 1919 13516
1953-70 809 1426 920 1961 398 324 2038 2158 1016 2221 . 1964 156295
1870.71 884 1454 939 2120 421 358 2250 2224 1013 2224 1934 15911
1971.72 796 1505 983 2123 437 334 2337 2145 2145 711 2048 - 2029
1972.73 852 1546 1012 2169 532 405 2433 22341 711 2439 . 2124 16518
1973-.74 376 1670 1009 2172 825 457 2488 2304 852 2328 2138 16301
1974.75 903 1590 1039 2294 701 453 2527 2501 899 2580 @ 2252 17239

2 Arem in 00 hocSares
Source. Governmont of Punjab,{India)

Irrigatim Floods and vater logging staotistics of Punjaob
1962, 197N.72, 1974.75,



aPPCHDIX

Dis trictuise average annual roinfall *"
in Punjob 1961.1975.

fierjr fhmias; inrit. Kapur- Jullu. Hosbi- Ropar Lulthiana Forozpur DBhantinds Sangrir Patiala

pur sar thala ndar  arpur
1961 144 89 72 85 = 92 110 67 43 58 45 73
1962 95 72 83 20 143 95 114 53 72 (o] 74
1963 n 33 78 61 63 85 61 30 39 19 87
1964 84 33 30 20 67 113 66 34 85 86 56
1965 69 33 65 55 58 61 86 32 26 as a9
1966 102 83 75 a0 22 % D 50 44 50 56
1967 118 85 o8 éa o0 63 69 2 17 28 69
1968 108 : 24 81 g1 24 40 28 2 53 43
1969 7? 4@ 25 44 66 58 34 30 25 3 ks !
197 23 5 55 77 100 98 76 23 50 52 58
1971 158 a5 52 65 a1 137 63 26 35 48 6o
1972 137 123 59 33 99 83 69 68 42 a3 88
1973 106 77 69 88 87 84 62 54 43 56 73
1974 80 38 34 37 51 568 a7 21 24 23 42
19756 25 54 62 G5 » 81 63 78 60 0 <))

* Rainfall in centimotres

Sources=l, Govornment of Punjab, (Infia) Irrigation floods and water zogging statistics of Punjad 19563
2, Government of Punjab., (India) Statistical abstraot of Punjad 1986-.1975.



et area® irrigated in Punjad

APPEIDIX

Yoar Gurdes. ’mrit. Kapur- Juliun. Hoshi. Hopar bUdhi. Foroze Bhatie bGonge Fatiss PFunjad
pur sar thala nder arpur ana apur nda rar la

195061 1078 2333 598 1555 387 192 14310 5034 2335 229 1571 19355
1961.62 0961 2710 G607 1786 asy 207 1310 5180 2 2948 2303 1474 19335
1062.63 1000 2330 754 1701 385 207 1340 2613 3043 233 1494 20890
1953.64 1103 3115 782 1806 399 243 1730 3344 3138 2334 1409 21550
1984.856 1177 2328 828 1813 250 253 1580 5021 3206 2371 1420 020 21215
1985.66 1281 2 3083 837 13156 517 259 169D | 522 3840 2628 2 1408 22522
1966.67 31332 1308 367 1824 422 280 184  H185 3724 2742 1442 22754
1967.608 1033 3126 356 1950 02 294 1965 5230 3705 2751 1851 22848
1968.63 1113 3348 945 2118 504 323 2022 5845 4485 3483 2234 26518
1969.70 2165 3530 1034 2206 518 35 2347 7413 3623 3632 2497 28411
1970-71 1337 3333 1043 2270 547 395 2580 4779 3318 3548 2491 28280
197172 13830 3339 1043 2292 564 140 2623 3427 4060 3483 2585 20548
1972.73 1408 3361 1086 2330 728 431 277 1321 3340 3534 2680 29401
1273.78 108 3709 1652 2352 753 483 2743 7385 3458 3540 2385 29761
1974.75 1603 3720 1035 2420 826 488 2777 819 3768 2350 28 31829

% Area in 00, Hoctares



Irrigatod area under six crops as 3 to

Groso coropped aros uader crops

APPGIOIX

Yoar Gurdas. Amrit. Kapure Jullun. Hoshiec Ropar Ludbi. Foroz. Bhati. Sang. Patin~ Punjad
pur sar thala' dar  apur ana epuf  nda rur la
1962 42,77 81.00 G3.,00 70.32 11.65 - 73,086 T0.87 81,33 52.66 53.68 63.48
1933 42,66 69,45 63,08 71.35 12.48 - 79.19 T4.42 84,21 52.47 B57.47 G63.16
1964 48,03 92,48 78,38 75.41 1X.35 - 73.00 83,35 79.90 61.80 52.65 67.99 »
1236 52,27 87.66 T74.83 73.02 12,30 - 80,27 77.7 81.84 63,28 61.00 70.34
19366 51.26 91.01 82,563 83.32 24,01 25.04 83.80 81.07 85,32 85.47 72.56 64.87
1987 54,53 20,58 77.64 82,10 25.53 29.54 88,67 81l.27 83,70 88.44 75.42 76,52
1968 42,81 8%.7 G62.86 82.43 18.92 25,83 98,17 82,30 84.84 B67.33 71.47 74.72
198D 57.08 92,90 %053.24 28,12  35.82 30.35 04.04 87.64 85,02 98.99 84,63 82,19
1270 52.68 23,05 9l.58 2l.3 42,37 34.03 96,05 87,45 12,13 95.07 85.07 8l.15
1271 53.99 08,28 91.08 92,04 33.96 43.04 94,95 88.69 73.42 96,1 £21.87 81.89
1972 G1.24 95,16 97.83 91.58 45,99 45.84 96,23 90.30 74.26 97.42 87.27 83.80
1973 83.53 95.70 03.32 93.87 48,76 50.70 05,11 91.85 95,12 97.80 82.60 87.21
1374 63,72 23.01 63,98 94.70 40,93 43.91 927.75 91,93 95,94 97.91 88.91 385,79
1975 GS.81 95.44 92,83 938.18 45,25 §2.77 98.78 74.40 97.71 96,52 9l.43 88.83

Source 1. Computod from ths data available f£rom Govornmont of

Punjab (India).

statistics of Punjob, 1969, 1971.-72, 1974.75,

Irrigation, floods and water logsing



~Curdage Amrltn Kapure Juliune= HoShiare  ROpar  Ludhlos

Year pur-

sarthala

dar

A

pur

na

1960-61
196162

196263

1963~64
196465
1965~66
196667
1967~68
- 196869
1969=70
1970~71
197172
- 1972473
197374
1574=75

TATGa as proportion to Gross Cropped Area of the mapestive mcts.

37.15

38,86
40,80
33.11
34.79
40,64
36,36
3565
36.8%
46,06
38.84
38,41
40,42
3a.88
37.50

34446

31,27

29445

32. 14
30,22
32.6%
30.77
32,65
3754

39.65

41.29

40,61

42. 10

3810
40,06

]

37.00
40,00

- 35.86

34,00
35422
33.86
35.25
35.84
38435
43.87
43,22
43,22
43.79
45.06
43.97

34.76
36.05
40,00
38.05
35.61
38.65
37.51
40,05
43.°79
44,58
15,68
46,63
45.75
46,31
45,45

38,75

- 41,25

..3&«@
3139
333&65

37.88

38.18
3775
40,64

39.34

36.38
37.90

24,32
23.67

26,22

30,45
31.42
30469

32,99

33,15
31,79

30454

30,68

28,01
33499
35,95
38.01

38,25

45.61%
47.7%
48,37
4833
48,69
45,64
37,90

\W

51,96
30,65
32,76
33,09
32,08

31.05
32.19
39,63

37,38

39424

38,90

36.82
42,93

da

it

Feroze~ LHAtin- Sang~ Patla=~ Punjad

20, 11
20,94
22.25
21,87
23,42

22,464

22,34
26.72
33,63
33,05
32.60
34,02
30455
2,7*-56

25,66

340 %7
34,54
36,64
3799

4G4 23

5222
31.81%
34,43
41,69
ha,34
43, 14
44,59
43,09
40,93

EQc 13

32,20

33.55

33.26

30,93

29.64
29456
30,06
31.07
3975

40.80

46428

44,08
43.27
43,10

2754

30,44
30450
32,50
31,59

31,68

3%.72
31,08
32.89
39.01
39.84
40.49
40,81

40,53

28.72

| 36.58

Job, for the years 1961-1975,



Area of Maize = 1960~61 _to 197475

Gurd.aa-» umrn- Kapur- Jullun~- daxhi.ar- Ropar Ludh!.am Perozes Bhatlm Sang~ Patia- Punjab
Year pur par  thala  der  pur A o pur da . rur 1la |

MM A

1960-61 6,25 7,42 9.45 12,92 24,56 e 10,54 0 2,69 1,81 6,87 8.5 7.07
196162 6,71 6,99 9.23 13,17 25,63 = 10,58 2,62 1.05 6.36 7.84 6,83
1962-63 6,68 0.94 8.96 1295 25,08 '~ 10,99 281 L1877 7.8 7.30
196366 8.27 6,96 9.33 13.52 2581 - 1240 2,53 1,23 7.08 8.06  7.33
1964-65 9.40 7.46 8,18 18.35 26,11 = 180 37 .02 5,55 T.00  7.59
1965-66 B.66 7.26 9,24 15,30 1857 19,95 1303 329 123 6.65 7.88  7.88
1966-67 9.28 9,79 9,31 15,78 19.10  19.20 13,52 396 199  7.57 B.93  8.59
1967-68 9,56 9.04 0.43 16,44 20,26 18.57 W56 3.97 205 7,81 8.3  8.75.
196869 B.40 3,50 9.67 16,62 20,49 17.81 14.93  5.13 271 9.42 7,45  9.26
1969-70 8.78 3.42 11.61 18.79 20,60 7.7 16,80 5,42 2,71 9,73 8.80  9.71
1970-71 9.92 5,97 10.96 13.78 22,19 22,61 17.07 4.50 2,18 10,39 7.80 9.60
97172 9.81  7.85 9.67 18.02 20,58 20,11 18,00  3.97 245  9.91 747 9.57
1972-73 9.57 6.1 10.45 18,65 20,56 20,43 18,07  3.31  2.83  10.99 7.58  9.47
13~74 9.52 6,52 9.86 18.43 22,02 19,47 18.946 2,73 2,31 10,08 7.93  9.39
1974~75 8.38 .68 9,03 17,27 20.43 19.48 17.70 2,16 198  8.98 8,13  8.87

#*
Area ag proportion to Gross Cropped Ares of the respective Districts.
Hources Government of Punjeb (Indla), Statistical Abstrect of Punjab, for the years 1961-1975.



' ——rrdae RTLET BT T fieahim ‘?cmr Uiad afa- T8 LUazeine "%ang» fmiaw angan
ear pur thala der pur mr  éa

eer B A e ——, B S
1960-61 16.66 11,46 11,81  2.86 1,07 = Gu4b 3,80 = 178 5,22 4,85
1961-62 16,25 9,67 12,30 2,50 1145 - 0,53 328 = 2,01 W19 W75
1962-63 16,38 12.19 1N72 2,65 10,23 = 0,26 3,86 = 4,3 6,16 4,96
1963-60 17,22 12,89 10,66  2.51 10,13 =~ Goli9 406 = 155 675 346
1566-63 10,80 13,01 10,69 2.9 9.87 = Qu7Y 4,26 0,93 2,92 3,56 3.62
1965366 15.73 13.80 11,35 2,60  0.80 - 3,50 L9 4,95 007 280 10,006 06,00
196667 13,31 12,26 LTS 220 TWI7 341 076 398 %09 113 0.34  5.52
196768 21,15 12,91 13,20 238 G.28 3.3 089 270 0.2 1 10.55  5.73
196860 22,39 13,46 15,48 3,16 9.00  3.65  0.64 5,53 0,13 W76 10,76 6.52
9670 21,06 14,03 15,48 3,43 9,09 285 0,83 5,39 0,11 70 11,60 6.43
970~71 22,06 15,18 13,06 355 8.93 251 1,02 5.88 0,23 173 11,07 6.86
1971-72 22,30 16,38 18,70 5,71 9.89 279 156 677 0.36 2,25 1584 7.86
I972-73 20,80 15,79 10,30 6,86 10,13 4,30 2,30  5.90 0,4 2,33 15,17 8,02
TI73T8 22,48 19,71 17.90 6,22 0.45 4,21 2,08 6,95 0Oath 2,63 10,82 3.61
1970-75 25,21 17.10 13,07 8,18 9.1 358 357 2.83 .33 2,77 16,91 8.07

L S — - . .
| mg@ a8 proporsion te Gross Cropped Arca of the wsmc%ive uiatrm!:s.
Rircer Sovermaent of rundeb (India), iatisis ack of gd, for tho rears 1951~197§.




T Gurdase ADrite  Kapure ﬁfinn-@%hiarn ‘ﬁopar mW Feroze~ “‘ﬁhatma sangg» Fatio= Punnab
Year pur sar thala der pur da la

1960-61 1.1 T.09 2,33 376 A0 = 700 V.0 1532 1296 6.0 9.69
1961-62 171 8,99  2.49 580 188 . - 792 17,20 5.1 1,50 6.3 10.28
1962-63 160 8.77 229 BT L8 -~ .95 16,62 1582 W63 5.95 9.79
196364 1.65 7.53 2,00  A71 96 = 9,42 19,18 15.95 1537 6.31 10.84
1964-65 1,88 8,38 1.88 383 427 =~  7.86 16,83 15.05 13,43 6,05 9.87
1965-66 1.37 6,53 %71 3,06 1,03 63 T35 .98 742 9.46 549 9.52
1966-67 1,15 6,65 1,31 2.7h 0,99 168  6.25 1538 W30  9.10 5,83 8,22
196768 1,16 6,01 145 241 1,06 1,53 4,56 14,80 13,92 6,65 4.66 7.69
196869 0,98 5.14 2,00 166 0.86 . L09  3.38  15.28 1535  6.08 4,51 7.43
1969-70 0.98 5,07 105 2,01 0.84  0.07 4Ok W99 1426 6ubh 430 7.54
1970-78 0,59 2,78 0,90 185 0.69 2,35 437 W3 1376  6.88 4.05 6,99
197172 1,01 307 088 W78 075 112 4,66 16,60 1875  8.75 3.86 8.298
197273 0,90 3,51 078 167 0.61 1,18 4,63  17.08 18,48 9,85 3.50 8.45
1973-74 0,85 3,57 0.92 1,91  0.89 1.0 4,75 18,20  18.91 9.91 35.67 8,83
1974=75 0,75 3.43 0,84 1.66 0.64 0,82 4,93 18,84 24,47 1119 3.25 9423

@ Area as proportion to Grosa Cropped Area of the resparrt:ive Biatrietae
=¢e: Government of Punjad (India), » b, for the years 1951-1975




A

Year

sar.thala

&ex'

. m

@u:ﬂas-» Amritn Kapurw Jullunn Hﬂsht.arh Rapav

1960-61
1962+63

196364 -

196465
1965-66
196667
1967-68
1968=69
1970-71
197172

e

| 19’3”&»'}5

5.90
495
5.0%
463
4,7
6,70
6437
6.01
6.95
6.46
5478
5:72
S5.58

5&#’7

5429

314
3.08

' 6993

2.38
2.61
3445
2.98
2.76
2.63
2,63
1.88

i

5!5 )

4,61
3e45
2.66
2.5
3.16
312
2e5%

2,58

; 5; "5
5.95

5423

534
4,66
6430
" 5.92
' 5.04

5.27
4,96
4,34

" B.12

3.06

6.23
5.94
4,90
3.5

3456
3.90
337

3‘[6* '

3433
2.59

1.60

2.03

2,69

 0.86

0.84

0.62
O.7%
0.89
1.63
1.20

0.42
0.39
0.45
0.55
0,64

4,09

Te2h

.85
332‘5@‘

‘."‘e_ k121
1.03

0,86

Q.70

O,

ﬁcﬁﬁ.’

na da ur

Fati&-w Punjah

3,18
B35
2,94
2,94

2,55
fﬁgif

2.16

1.89

3.38
3,48

3.08
2.6%
3.34

. 5@@17 ,

3470
2.79
331

35.00

2,36
1.82
14

1.82

1.72

2.816
2453
1,89
2.35
2,41
3@42
2,90
2.52
2,97
2,65
2,25
1.80

172

1.88

M

-»_* Area as gropertion to Gross Crapped Area of the respeﬁtive Distrmts.
Source: Government of Punjab (India), '

b, for the years 196%-»1975,



ﬁﬁzﬂay Ampit-  Rapur= . mum Haﬁhﬁrw ﬁbpar mw?m'zeu'7 T Tne Sange Tatlar —Tun3sS
?earlxmr sar thala dex' pur pur da e la ' _

1960-61 =~ = 2.3 295 A 730 A A . 1,68 3B 133
196162 = = 3,07 219 A 787 A 89 %48 139
1962465 = -~  WI3 280 A 861 A . 0.0h. 2,36 347 1.5
196366 A A 6.66 283 A 91 A A 328 3,92  2.43
1964-65 0,0 -  7.55 3.83 032 = 1262 = = 336 480 2.4

1965466 = A B.35  h70 0,03 4,04 12,84 0,06  0.0b  3.68 5.29 2.7
1966-67 =~ A 9.50 6.2 0,12 596 1631 0,11 0,06 2,3 .6.12 2,88
1967-68 A D.02  9.56 774 h23  T.5h 16,71 0.2 041 | 6,87 681 408
1968-69 A 0,03 10,00 7.51 43 7.87 W13 036 043 621 691 419
1969470 0,05 0,02  8.64 6,21 . 142 7.th 1377 0.7 0.25 493 588 3.3
197071 = A B.90 6,06 0,69  6.83 12,62 0,09 0. 428 5,19 3,06
1971972 A A 9,07 545 072 6.3 12,35 0.4  0.16 434 499  3.03
197275 = A 882  A57 0,58 5.0 1147 011 0.15 431 bt8  2.83
1973-74 0,02 A 7.53 401 0,52 5,26 10.11 0,21 0,17 415 465 2,56

197475 A A 7,23  3.54 043  5.43 10,30 0.4 040 5.0 497 278
¥ Ares as proportion to Uross Uropped Ared afi:‘fxe mspeeﬁve m‘tﬁ. o —
Sources Government of Punjab (India), Statisties atra t Punidab, for the years 1961~1973,




e sirdas~ Amrit— “Kapure m::»ﬁosmaﬁ-» ﬁopar m@- ﬁ%zawﬁﬁaﬂm Sang- F‘%’{aw Hinjab
| Year pur thala pur

| | | L . s b i . S,
0u12 0,49 - 035 300 - 5.07 5.12-‘; 3.13  2.47
0425 0,56 - 0,32 2,96 6,87 .2,84 . 2,38 249
1962-63 0,99 2,12 0.28 0,49 =~ 0,30 2,06 3.93 356 2.2 2.02
1963-64 0,66 2.77 0,31 0,32 - 0,26 2,13 W56 . 2,76 | 2,47 2.02
196465 0.95 2,98 A 0.55 0.64 - 047 28 373 . 2.86 1,46 1,99
1965-66 1,19 2,50 0,12 0,38 0,85 106 0,33 2,20  3.89 122 137 .72
196667 1.47 3.4 0.1 0.69 0.83 1,03 0,51 2,83 5,00 . 167 ﬂ .84 2,30
1967-68 110 3.87 0,31 O, 71 079 136 0,56 406 7.49 . 1.3 . 1,69 2,92
196869 1,16 2.96 0,32 0,34 0,43 126 0,23 h41 2,28 . 0,70 . 132 132
1969=70  1.32 4u42 0,51 0,65 0,72 125 040  1.80 069 . 0,65 1,16  1.67
1970=71 1,13 5,37 0.70 076 0,75  1.00 0,30 2,41 2,76 . 1,00 061 1.81
U 4OTIM72 1,00 5.51 0,06 . 1,98 0,93  1.25 0,35 2,90 &2t 1,35 0,92 2,09
197275 1,19 5,31 0,13 106 094 W85 052 386 - T.66 . W76 093 2.0
197374 1,29 5,23 £,55 1,10 109 151 072 3,95 - 741 1,93 .03 2.9
197475 1,27 6.06 0.0 16 .53 200 0,58 401 6,22 2,25 215 304

1960-6% 0.84 2;91
1961=62 0,71 2.74

BRI

* Area as propavt!.m to Gross cmpped Area or the respmtme mst:ri&tm
Source: Gavernment of Punjab (India), Stat for the yoars 1961-1975,




R Y 7 £ Amritn Kapure SEI'Iun- Hoshiar~ Ropar "imhia “Faroze- Bhatite §ang~ ﬁatiam Tanjab
Year gur thala der pur ma g da

1060-61 883 1038 987 3% 83 o a8k 1281 1361 1364 1533 1257
1961-62 884 1156 820 1269 1002 - 1538 1202 %1 1382 128y 1230
1962«63 1007 1305 832 1290 856 - 1750 925 W10 17h 187 1161
196366 956 1157 1145  th01 745 - 1988 1168 1312 1234 1401 1256
196465 1176 16746 W37 1569 959 - 223% 1299 1772 1376 1497 1510
196566 971 458 1373 1208 625 845 1875 1136 1259 1278 1193 1238
1966-67 1352 1632 1953 1558 945 1208 2476 1352 1643 1270 1538 1514
1967-68 1315 1570 507 V741 1269 1676 3136 1998 1939 1628 1839 1863
1968-69 1953 2342 2302 2311 1521 1789 267% 1874 2278 2Wh 2492 2477
196970 1935 2680 2065 2366 1283 1925 3040 1938 2278 22146 2330 2245
197071 2080 2326 2527 2492 W68 1948 3279 2065 2921 2143 2000 2238
1971-72 2077 2749 1916 2296 33 1949 3310 232% 2513 2603 2067 2406
1972-73 2015 2198 2127 2504 1883 1533 2922 2292 1817 2400 1939 2253
1973-74 1868 2051 1920 2349 1887 1864 2029 2212 1940 2475 2w5 2216
1976~75 2188 2276 2140 2507 2070 1803 3001 2566 a2t 2603 2206 2395

SN v ﬁ“-‘“& nmm

%Yield in kg/hectare.
~~ay Government of Punjab (India),

aniab, for the years 1961~1975.



—
Yoar pur

1960~61
196162
196263
1963-64
196465
196566
196667
1967-68
1968~69
1969-70
- 1970-71
1971=-72
1972-73
1973-75
1974=T5

1061

1072

430
1073
1067
1040

880
1280

1000

1018
1116
1030
1153
1330
1970

435
1350

453
1384
1262
1258

81
1440
1292
1425
1805
1602
1655
1254
1821

134ﬁ
1255

433
1299

1158

1145
1133
1800
1533
1333
1721
1535
1560
1557

2019

&ex‘

352
1390
M7
1545
1512
2465
1H1e
1602
1h6h
1409
1541
1833
1678
1343
712

Wﬂ‘

Anrite Kapur- ~fuliun- Hoshiare  Hopar
sap

1555
1200
1030

1032

1236
1299

1106
1086

%56

472

1331

1298

1206
665

- 1333

1235
1333
1374

1263

1942

1647

1263

1601

1318

1565

B4
1535
1612
ez
1508
1249
1698
1793
1866
1079

16% 1

1555
1561
1612
1348
1723

® Yield in;kg/hectaref
Source: Government of Punjab (India),

aly, for the years 19611975,



e urdas~ Anrite Kepurw JULiune  Hoshiaiwe dRig~ Ferozew Dhatin- Jange bDatie=s runjab
Year pur  sar thale der pur pur d8 ar la

1960-61 1604 1660 1691 1552 1371 - 1530 157% w03 WAT w2z 1033
1961-62 1431 1488 1673 1580 1530 = 1883 1720 1009 1732 1350 1035
1962-63 1559 1259 1823 2153 1216 - 1942 2310 1557 2283 1646 1076
1963-64 1930 1544 1732 1375 1456 " 1507 1513 1670 670 1670 1097
1964-65 1144 1394 1551 1360 W27 = 4255 1116 1111 1103 1105 1223
1965-66 682 13% 1085 835 gi0 545 800 1159 - 761 956 1000
1966-67 1083 1328 1389 1375 1020 600 1000 1370 1000 970 1009 1189
1967-68 1296 1425 1526 1500 1220 1000 1333 1215 1000 1645 1250 1322
1968-69 1383 1550 1390 1385 1145 945 1333 1257 1000 1000 1365 1364
1969-70 1399 1660 1725 1640 1380 1170 1508 1497 1000 1525 1321 490
1970-71 1647 1953 1965 1850 1593 1335 1800 1820 1380 1365 1685 1765
197472 1687 2105 2276 2093 1930 1655 2125 2089 2000 2200 2252 2045
1972=73 1631 1897 2600 2235 1875 1385 1342 2642 1750 1967 1846 2007
197374 1821 2241 2311 2772 1684 2158 3123 2 2976 2466 2 2466 2192 2287
197475 1566 1885 2621 233 1894 151k 2979 2538 2071 1815 1952 2071

* Yield in kg/hectare.

Source: Governnent of Punjab (India), jab, for the years 1961-1979,




T Gurdase Ampite T{apxm-« Juliun- Hoshiarw HOpar Ludhiew  Ferozo- BOAbLn~ Sange
Yaax* pur sar  thala der par ng par da rur

1960«-61 ‘!8? 158 2hy 2&3-’ 188 - 235 306 245 245 245 270
1961-62 180 200 273 330 179 - 297 321 322 321 234 298
- 1962«63 175 180 267 268 205 - 294 306 319 301 232 290
196364 158 200 276 244 182 - 311 364 332 305 287 527
. 1984-65 164 214 270 305 169 - 339 345 340 a2 332 0 322
1965-66 139 199 266 316 64 160 312 333 316 233 310 314
1966=67 173 216 279 316 166 169 366 332 250 3% 335
1967-68 186 232 280 208 7 w6 365 267 B2 3N
1968469 = 280 - 276 - 381 399 300 300
1969~70 = 265 - 360 - - 399 402 326 348
300
299
288

1970~71 228 333  28% 180 197 3335 416 416 ;2 3%
1971=72 191 299 283 173 205 295 433 416 299 281
1972-73 180 332 360 207 180 349 4% 416 33 331
197376 220 366 300 331 207 247 383 439 433 366 32
197475 - 3 = - -~ = 360 A3t 400 360 360 416

§§888 Y

# Yiold in kg/hectare. o

Sourgetr Government of Punjab {India), & njab, for the years 1961-1975,




' “Oiriane Amrite Kopure  Juliun aF=  Ropar  LudBia= Ferozow ﬁhaﬁxh?angmr ’ﬁat.taw jﬁmjﬁ?’
mem Lo thata  der R B D
1960-61 178 198 244 240 W3 - 23 302 W7 23 225 ai*e?
1961-62 165 184 233 277 158 - 410 302 300 200 287
196263 169 182 224 252 7% - 300 282 351 265 280
1963-64 166 184 252 242 159 - 306 294 263" 260 272
1964-65 166 2% 211 299 161 - 38 272 273 274 27h
1965~66 47 216 - 180 220 12t W6 8 263 2 2 259 264
1966-67 168 231 197 23% 12¢ W7 34t 206 M3 207 258 277
1067-68 176 231 228 231 108 16 3% 326 325 265 286 299
1968-69 180 262 270 23t 120 180 338 360 363 264 257 316

380

395

397

E8IE

1969~70 180 255 360 231 120 180 314 339 313 225 304
1970-71 187 208 265 232 126 1%t 296 378 344 240 378
197172 189 266 266 232 126 159 249 375 281 sto 326
1972-73 192 281 245 215 135 71 299 35% 360 299 277 322
1973-74 189 281 249 230 130 184 205 o ;5 299 277 303

325
1974-73 180 260 360 . 287 O 180 325 33 295 300 305 0
¥ YTeId In kg/hoctare, ' —— S et ot s
Source: CSovernment of Punjab {Indis), Statigtical Abateact of Pundab, for the ysars 1961-1973.




“Gurdas= ADrite - Kapure  Juliume Hoshmr- “Hopar mmia- “Ferczo~ “Bhatine Sang- ""%’:’Ig “Punjab
pur  sar thala der pur - par da wr

1960-61 838 3674 3042 4054 2639 = 3916 3648 3596 4128 ;7@3 3679
1961-62 2869 2715 2649 3609 239 - 3526 373 27v1 3219 2934 3016
1962-63 3487 3506 3138 3571 2455 = 3337 3670 2869 3303 2180 3072
196364 3025 ¥319 2965 3671 2243 - 3/9t 2987 2% 3B 33T 3200
1964-65 3373 La08 3221 4286 20421 = 4315 4188 3476 3021 2898 3639
1965-66 2955 3795 2800 4533 2064 345k 3938 3880 2885 BB 2590 3055
1966-67 2714 2191 3000 3195 1590 2035 4000 3769 3338 2805 2311 2779
| 1967-68 2600 4270 - 3000 3516 1636 2666 4091 372y 3875 5160 4MO 3507
1968-69 2727 3740 2750 300 1818 2731 3692 3462 329G 42%% 3750 3289
196970 4105 4473 4164 3870 3696 LOT7 3640 LO70 4400 4379 4636 T
1970-71 4196 4275 3667 3948 B33P 4610 4000 3550  3B53 5500 4610 47
1974=72 3810 4100 3643 4077 1845 3750  A4w3 3750 3875 4685 4400 3942
197273 4437 4778 4333 4846 2750 3300 SL4h 4375 4600 5727 - 5400 4602
1973-7% 5909 5909 5833 5835 2666 5690 5750 4265 4200 5690 5342 5289
1974~75 4026 3876 4152 6624 3862 5804 3688 W61 6245 5347 - 4589 4997

Year'

*Yield mx /Heatare |

Sourcex Gmmment of Punjab (India), jab, for the years 1961=1975.




R T Y X £ &apur» VAT ﬁnshim %par m&ﬁ.&-— Ferozaw Bhatine gang- Patia~  Bunjabd
Year  pur sar thala der xmx* m dg - la

1960-61 - = a9h 950 &7 = 93 156 9% 90 9% 925
1961-62 = -« .92 740 922 - 934k 983 952 929 925 88y
196263 = - 832 759 736 - 926 - 959 767 934 925 go1
1963-66 - 837 8% 781 7% - 8k  T7sh 763 935 925 880
196465 -« 1250 1136 1238 1238 - 1513 195 829 1000 991 1261
196566 = 1000 1000 1202 1205 1052 1491 1565 829 955 957 1222
1966-67 ~ 1238 1001 903 801 102 2% 4278 946 957 968 1065
1967-68 500 1001 1001 1006 901 803 1225 2% 1086 1036 1025 1079
1968-69 640 836 905 912 8ok 728 986 1172 1042 948 877 932
1969-70 -  ~ 1300 1250 1000 755 736 80 . 1000 1031 A0 46
197071 =~ 7 1002 913 801 827 e8s 925 880 887 W40 - 970
600

19772 - - 1%Woo 1172 950 888 1000 1000 1035 1255 1056
1972+73 - - 1080 955 1000 ) 829 1000 1670 869 1383 958
197574 - - 1222 882 969 718 1007 969 969 766 154 870
197475 = - TTh 828 861 875 816 861 676 881 966 861

* EKg/per hectare
Sourcet Government of Punjab (India),

y for the years 1961-1975.



APPBUDIX

Porcontogo of crea under H.Y.V, vhoat to the
total area wvndor whoat

TFaroge Bhabi- 8anga

Yoar Gurdas. Acxit~ Kapur- Jullun. Ho3hi. Ropar Ludbi. Patis. Punjab
pup sa P thala der arpur ana epur nde rur la ’
1067-68 B8.13  48.02 43.12 49.67 16,81 14.58 57.89 35.01 18.56 40.28 28.85 34.69
106868 51.18 G65.88 80,85 72.28 35,34 33.98 .2 52,03 50,77 59.77 55,73 57.87
1070-71 84,53 76.44 7T3.11 90.00 47,33 40.98 83,65 W98 44,87 78.45 62.74 G2.11
1971.72 53,867 78.55 88,07 82.06d 41.44 40,98 91.90 .04 47.656 73.78 74.38 712,55
1972.73 55,92 92.33 05.52 100.0 49,581 57,37 91.30 T1.5 T0.83 93.10 75.89 73.82
1973.74 63,28 91,90 95.8) 96,51 48,98 57.14 924,80 82,168 83,77 08.57 81,80 84,28
1974.75 883,75 05,62 82.056 024,50 60,28 86,12 98,73 74,64 90.32 04,02 85.88 83.26

Sourcos. Computod frow the data,
Govornzont of Punjab (India) statistical/of Punjob 1963.1975

abstrasct



Porcentage of arca under H. Y.V, Rico tn the
toatal area undor Rice

APFBEDIX

Toor  Gurdas~  forit. Lopur- Jullun. Hoshie Ropar Ludhi. PForoz. DBhaonti. Song- Patis. Ppunjab
pur sar thala der arpur ana opur nda 4 la
1967.88 5.48 4,23 .52 - 7. 40 - - .31 - 14.28 3.77 5,45
1908.59 7.53 5.78 B33 - 10,34 - . 33,33 2.09 - 3.09 7.69 7.53
197071 28,75 35,95 57.14 35,71 22,58 =  80.00 32,80 .  36.35 29.5 33,33
1971.72 G0.O7 70.83 100800 66,67 54.83 25,00 62,8 76.00 33,393 73,33 73.68 6S.11
1972.73 69,61 74,19 100.00 938,58 80.00 25,00 91,66 97.48 100.0 93,76 62.50 76.05
1973.74 98.29 70.96 100.0 100.0 87.68 62,650 100.0 94.68 100.0 100.0 68.60 83,26
1974.75 02,77 24,28 93.33 83.33 85,22 7.44 73.68 923.91 50.00 G9.23 .58 B4.53

Sourco i- Computed from tho data,Q

Goveranent of Punjab {(Indiaj.

Statistical alstract of



APPBNDIX

Porcantoge of area under M.Y.V. Holzs to the
totnl ares undor itlalzo

Yoar Gurdat. Aorite Rapur<- Jullun. Hoshi. Eopér Ludhi- Foros. Bhantie San@-' Patio- Yunjob
pug sar thala nder arpur ana opur nda rur la
1987‘68 lvt 63 lc 69 30 & ‘33 31 1- 78 2.03 5& 25 . 0—1‘ 56 - 0‘ % 13 38 1.- 62

1968469 10.34 2.18 20.00 12,69 4.54 3.22 21.43 5.88 4.73 1.69 13.88 2,52
m&'\?. 0 6“ 25 6. 25 16;% 15.27 5.88 3.22 12.34 11.1} B8.69 4. 78 15,90 3, 73

1970.71  5.85 11.42 17.64 10.01 5.19 2,22 1428 816 <. . 6,66 16,28 8,99
197172 2.77 17. 39 8,66 5.33 1.29 2,77 1.08 - 5%99 - 33,53 729
1072.73 2,77 B8.33 6,08 1.23 2,63 14,80 2,27 58,00 1.856 4.54 5,16
1073-74 2.77 2.43 18,7 3,75 337 2.70 1100 5.4 625 0 . 0 4,53

1974.75 3,12 12,19 13,33 8.21  2.63 526 13.82 53,57 3233 85,45 4.08 14.91

Source 1. Colputed fron the data,
Governzent of Punjadb (Inéla),
Statistical ab3tract of Punjab 1969.75.



X X, Xy | Xg x@ X5 Xg Ly | Xy
X 1,000
Xy ~0.701 1,000
X, =0.510 ,553 1,000
X3  0.736  -.644 - .81 1,000 |
K, =~ 457 658,958 - 720 1,000
Xg W8 =321 375,399 =353 1,000
g 913« 739 =560 - .728 345 0.669 1,000
X, =607 L3053 .68 ~289 L1553  ~0.643 - 70% 1,000
Xg  0.954 790 ~.524 2775 <0494 0,568 965 =0.640 1,000




¢ 1a at
| Curdaspur
¥ X X2 3 Xy %5 %6 X2 %
- ; ,
X 1.000
X, 0.169 1.000
X, 0,042 0,026  1.000
X5  0.008 0,086 =0.899  1.000
R,y =0.021 0,125 0,973 «0.817 1,000
X;  0.893 -0.060" 0.050 ~0.085 0,029 1,000
Rg 0,797 ~0.016  0.057 =0.074 0,042 0.7% 1,000
X, <0.634 0,036 0,128 0,189 0,412 =0,603  =0.505 1,000
Xg 0,970 0,071 0,006 0.016  0.012 0,905 0,797 =0.727 1,000



¥ xq X

1.000
-0,180 1,000

0.252 0,418 1,000
0,004 0,312 ~0,836
0.133 0.655  0.84
0,757 ~0.016  0.369

0,917 <0.01%  0.296
~0.479 0,206 ~0,300
0,916 =0,096 0,186

1.000

=0, 684
-0.362
. -G;ééa |

2,081

0.002 -

1.000

0.304.
0.187.
~0,08% .
0,070 .

1,000

o711
=0, 385 ’

1.000

0.608
0.957

1.000



X ox, % X oz
4 1,000 |
x.‘ 0.309 1,000
X, =~0.422 0,122 1,000
Xy 0,154 =0,020 ~0,362  1.000
X,  =0.420h 0,171  0.845 0,290 1,000
X5  0.152 0,039 0,023 0,078 0,015 1@@'
Xg  0.855 0,425 ~0.273 0,142 =0,347 0,055  1.000
X7 =0.5440 306 0,013 <~0.184 0,123 0,233 =0.791 1,000
Xg  0.891 0,305 -0, 276  0.138 =0.394 0,179 0,962 «0,716 1,000



Appondix

Jullunder | |

® e Xy X, ;_is;_muxé % X5
B oo -
X, =0.649 1,000
X, =0.635 0,341 - 1.,000
X3 =0,014 0,128 =0,705 . 1.000
X, =0.872 0,668 . 0,872 ~0,289  1.000
g 0,953 «0.554 ~0,660 ~0,024 ~0.886 1,000
Rg  0.890 =0.675 ~0.718 0,110 ~0.913 0.909 1,000
X, '=0.628 0,755 - 0,404 . 0,056 0,653 =0.554 vwo._?as 1,000
Xy 0,922 =0.656 - =0,665 . 0,052 0.876 0.9t 0,959 =0.588  1.000



¥ % % *_.
1,000

0,038  $,000

-0,212 0,381 1,000
0,608 0.297 =0.527
<0,078 0.572 0,964
0,708 0,241 0,020
0.683 0,429 =0.112
“0,755 0,027 0.207
0.872 0,419 ~0,080

1.000

«0,293
0,509

0.656

~0.574
0.663

1.000
0,118
0.970
0,098
0.0

1000 -

0,275
=0, 498
0.542

‘hm
“0.615 1,000
0.898 ~0,688

1.000



Xy X5 _ X3
% 1,000
X, ~=0.641 1,000
X, =0.170 0,088 1.000
X5 =0,472 0.306 ~0,288 1,000
%4 =0,076 0,249 0,900  «0.534
X5  0.650 ~0.683 =0.335  ~0,087
Xg  0.396 ~0.656 0.631 0,027
X, =0.465 0,513 0,542  =0.140
Xy 0.751 =0.783 =0.355  =0.145

A mu " - oy xa
1,000

«0,396 1,000

0,608 0,828 1,000

0,575 «0,901 «0.,86% 1,000

0,426 0.879 0.834 «0.784 1.000



Y % 3 5 % % a
% 1,000
Xy ~0.852 1,000
X, =0.752 0,749  1.000
X3  0.1k2 0,003 -0.,033 1,000
X, =0.590 0,690 0,903  0.245 1,000
X5 ~ 0.884 0,952 -0.840  0.1G4 =0.742 1,000
X  0.748 =0.826 =0,728 0,287 0,590 0,885 1,000
Xy =0.250 0,480 0,274 0,219 0.239 ~0,447 «0.526 1,000
Xg 0,859 =0.873 ~0.740  0.364 «0,504  0.941 0,907 =0.412 1,000



«0.,742 1.000
0,934 ~0.696

¥ Xy X X, .
X 1,000
Xy 0,632 1.000
X, =0,036 =-0.098 1,000
Xy 0,662 0,397 «0.355 1,000
X, =0.132 0,295 0,839 =0.155 1,000
X5 0,866 =0.516 =0,116 0,640 0.1 1,000
Xg  0.938 -0,775 -0.124 0,686 «0.301  0.871 1,000
X, =0.653 0.778 ~0.363  ~0,338 =0.088 -0.611
Xg  0.971 =0.659 «0,075 9.7'?6 -0, 133  0.859

1,000



oy Xy x?_ Xy K 35 ‘__:g X T
X} 1.000 -'
Xy ~0.753 1,000
X, =~0.421 0.418 1,000
Xy 0,449 «0,540 ~0.676 1.@9
X, =0.517 0,585 0,901 =0.664 1,000
X5 =0.120 0,221 ~0,195 0,022 ~0.178 1,000
Xg 0,691 =0,710 =0.540 0,733 «0.620 0,261  1.000
Xy  ~0.473 0,237 0,118  =0,093  0.201 -0,526 «0.663 1,000
Xy 0.617 =0.516 0,343  0.640 =0.394 0.358 0,824 =0,626 1,000



~0.412

X Xy ) X, _ _ Xg ,_ x7 xE

h 4 1,000 |
X, <-0.453 1,000
Xy =0.204 0,239 1,000 |
Xy  0.841 -0.,299 =0.57%  1.000

0.016 0,340 0.747 =0.084 1,000

0,797 =0.007 =0.452 0,861 0,062 1,000

0.784 «0,222 =0,322 0,687 0,040 0,720  1.000

“0,305 0164 0,113 =0.072 0,047 =0,173 =0,703 1,000

0.898 <0,371 0,783 <0.075

0,749 0,662 0,327 1,000



¥ KK K K k% X K
X, 0.481 1,000

X, =0.635 =0.162 1.000

Xy 0.750 0,041 ~0,885 1,000

X, +0.065 0,516 0,683 0,571  1.000

X5  0.838 0.296 =0.706 0,707 =0.296 1,000

Xg  0.870 0,416 =0.505  0.625 =~0.106 0.922 1,000

Ky =0.265 ~0.302 =0.037 0,070 ' =0.411 =0,321 0,544 1,000

Xg  0.46 0,306 =038 0.635 0,138 0.851 0.940 =0,578  1.000



X4 X X3 X A T
% 1000
Xy 0.220  1.000
X, 0.369 «0.235 1,000
'xs 0,691 ~0,123 0,644 1,000
Xy, 0.669 0.395 0,736 0,727 1,000
X 0,059 0.5246  0.215  0.31%  0.555 1,000
Xg 0477 -0u016 0,694 0,684 0,467  =0.093 1,000
4y 0,250 ~0,660 0,11 0,124 «0,586 -0,691 0.225  1.000

64t



% Xy Xy X X 5 7
1% 1,000
X4 aD.128 1,000
X, 0,612 0,015 0,361  0.353 1,000
Xg 0.439 0.6%7 «0.612 0.300  0.312 1,000
0.137 =0,580 0,192 0,318 0,022 -0,496 1,000
-0,330 =0.499 0,578 =~0.277 ~0,185 =0.808 0,693 1.000

05t



S S S SN S N .
xh 1.000
0.436 1.000
~0.257 ~0.411 . 1,000

LGt

0,485 0.163 «0.135 1.000
0,721 0,263 ~0.306 0.515 1,000
0,585 0.508 «0.,694 0,544 0.815 ;3,{}99
0,699 =0,133 0,286 0,482 0,182 ©€.290 1,000
~0, 344 0,410 0.637 «0,138 0,604 «0,843 «0,139 1,000

0,773 Qu151  «0,551 0,719  0.615 0.788 0,784 =~0,556 1,000

Ogexa?fm“ngxm%ax



X9 % % Ay R Xg
¥  1.000
X4 -0.031 1,000
%2 0,012 «0,271 1,000
Xy 0,403 -0,216 =0.655 1,000
X; 0.409 0,478 0,418 -0,000 1,000
Xg 0.546 0.383 -0.671 0.756 0,272 1,000
Xg 0.825 -0,034 -0.075 0,385 0,264 0,508 1,000
X, 0,231 «0.237 O.747 <0.435 0,321 =0,407 0,363 1,000
Xg 0.636 0,030 0,007 0,218 0,279 0,251 0.837 0,312 1,000

ri4%



Xy x, Xy X, %5 X x,
Y 1,000
X, 0.3 1,000
X, =0,088 0,243 1,000
X3 0,300 ~0.370 =0.597 1,000
X, 0438 0,726 0.505 0,003 - 1.000
X5 0.797 0.572 =0.272 0.581 0,54k 1,000
Xg 0.666 -0.251 =0,098 0,633  0.207 0,568 1,000
X, 0.688 0.142 0.017 0,658  0.637 0.843 0.801 1,000
Xg

¢St



3 ) 2, % %5 E;“
) 1,000
X, 0.129 1,000
X, =0.043 «0.338 1,000
Xy 0,593 0,189 =0.177 1,000
X, 0.5 0.810 0,022 0,526  1.000
X5 0,575 0,530 =0,667 0.575 0.484
X, 0.632 0,072 «0.211 0,677 0,305
X, 0.846 0.408 ~0,070 0,797 0.719
X5

e T
0.55% 1,000
0.731 0,700 1000

Yo



B *2 3 % 7 *s
X 1.000
Xy 0,048 1,000
X, =0.026 0.298 1,000
X5 0.327 =0.201 «0,019  1.000
X, O0.455 0.491 0,247 0,637 1,000
X5 0.355 0.665 0.009 0,405 0.653 1,000
Xg 0711 «0,287 0.1 0,670 0,360 0,260 1,000
X, 0.577 0.118 0.3 0.830 0776 0545 O.74 1,000
X

561



AR A SV A AR A

1.000
0. 118
0,482
0.528
0,037
0,404
0.574%

0,523

1,000
~0,029
-0.286

0.737

~0e 193

-0,047
0. 164

*ym
*3#6““
0.074

0. 103

0, 170

«Q t?ga

1,000

0,200 1,000
40,200 0,401
0.366 0,457
0,763 0,378

1,000
~0,333% 0,450  $.000

agi
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