Rainfall Parameters as Determinants of
Area and Yield of some Selected
Crops in Drought Prone Area

Dissertation submitted to the Jawaharlal Nehru University
in partial fulfilment of requirements for
the Degree of

MASTER OF PHILOSOPHY

MAHABIR SINGH JAGLAN

CENTRE FOR THE STUDY OF REGIONAL DEVELOPMENT
SCHOOL OF SOCIAL SCIENCES
JAWAHARLAL NEHRU UNIVERSITY
NEW DELHI-110067
1986

A,



Dedicated

To my late Grandfather

Ch, Tirkha Ram



JAWAHARILAL NEHRU UNIVERSITY Telegram _ : JAYENU

Telephones © 652282

CENTRE FOR STUDY O RECIOINAL DEVELOPMENT 661444
SCHOOL OF SOCIAL SCI<NCES 661351

New Delhi-110 067

I certify that the dissertation entitled "Rainfall
Parametersvas Determinants of area and Yield of some Selected
Crops in Drouzht Prone Area" sulmitted by Mahabir Singh
Jaglan, in fulfilment of six credits out of the total
requirements of twenty-four credits for the Degree of
Master of Philosophy (M.Phil) of the University, is a
bonafide work to the best of my knowledge and may be

placed before the examiners for evaluation,

NN

‘ M., I, Qureshi
pated: (6. F |G SUPZRVISOR {

@@ q,M/L >
Dated: | L7 ¢ 4 CHATRMAN



ACKNOWLEDGEMENT

I express my gratitude tb Dr M., Qureshi for his
untiring guidance and constant encouragement to make this
work a success, 1 am obliged to him for his valuable comments,
suggestions and devoting his valuable time to go through the
maiuscript,

My thanks are due to -

- Professor G.K, Chadha for helping me in statistical
techniques,

- Mr Munélidhar, Computer Programmer, School of Social
Sciences, for his help in computing the data,

- Staff of Economic and Statistical Organization and
Librarian ICAR Libary, Krishi Bhawan, New Delhi, for
helping me collecting the data,

- ny friends, Satyanarayan llahapatra for cartographic
assistance, Sudhir Malakar, Sangnitra Sheel, Daya Ram
Yadav, Suraj Bhan, Bmpender, Namrata Singh, Sabaree,
Igbal 3ingh, Manoj Krishna and 3,K, Sehgal for fruitful
discussions at several occasions during the course of this
research and other help,

- and last, but not the least, Mr D.K, Pahwa for typing this

dissertation in time and neatly,

i,

New Delhi, MAHABIR SINGH JAGLAN
July 15, 1986,



CONTENTS

ACKNOWLEDGEMENT e
LIST OF MAPS .
LIST OF TABLES e
CHAPTER I INTRCDUCTION

CHAPTER 1II

Drought : Definition
Identification of Drought Prone Areas

Area of Study and its Geographical
Personality

Hypothesis
Period of 3Study
Crops Selected for Study

Data Base

Methodology

Overview of Literature

AGRO-CLTMATIC CONDITIONS AND AREA
UNDER SELECTED CROPS

Bajra: Agro-Climatic Conditions for its

Growth and Spatial Variations in Area

Jowar: Agro-Climatic Conditions for its

Growth and Spatial Variation in Area

Gram: Agro-Climatic Conditions for its

Growth and Spatial Variation in Area

Groundnut: Agro-Climatic Conditions

for its Growth and Spatial Variations
in Area

Cotton: Agro-Climatic Conditions for its

Growth and Spatial Variation in Area

ii

Page

iv

13

B

29
30
31
33

56

63

70



CHAPTER TIX

CHAPTER IV

CHAPTER V
BIBLIOGRAPHY
APPENDICES

iii

SPATIAL VARTATICNS IN YIELD LEVELS
»nND GROWTIH RATE OF BAJRA, JOVAR,
GRAM, GROUNDNUT AND COTTON

BaJjra: Spatial Variations in Yield
Level and its Growth Rate

Jowar: Spatial Variations in Yield
Level and its Growth Rate

Gram: Spatial Variations in Yield
Level and its Growth Rate

Groundmit: Spatial Variations in Yield
Level and its Growth Rate

Cotton: Spatial Variations in Yield
Level and its Growth Rate

RAINFALL PARAMETERS AS DITERMINANTS
OF AREA UNDER SELECTED CROPS AND
THEIR YIELD LEVEL

Anmial Rainfall

Seasonal Rainfall

Onset and Withdrawal of Monsoon
Rainfall Reliability

Frequency of Wet and Dry Spells
Rainy Days and Intensity of Rainfall

Ralnfall Parameters as Determinants
of Crop Acreage

Rainfall Parameters as Determminants
of Crop Yield

SUMMARY OF CONCLUSION

81

84

93

100

108

117

129
136
137
138
139
141
142

143

166

188
201
211



iv

LIST OF MAPS

Fig.. — Iitle Page
1.1 Drought Prone Areas 19
1,2 . Nommal Annual Rainfall 22
1.3 Variability of Annual Rainfall 24
2¢1 Area Under Bajra 47
262 Area Under Jowar ' 54
243 Area Under Gram 61
2ot Area Under Groundmut 69
245 Area Under Cotton 76
361 Yield of Bajra 87
3,2 Growth Rate of Bajra Yield 91
3.3 Yield of Jowar 95
3okt Growth Rate of Jowar Yield g8
3¢5 Yield of Gran 103
) Growth Rate of Gram Yield 107
3¢7 Yield of Groundmut 111
3.8 Growth Rate of Groundnut Yield 115
3¢9 Yield of Cotton 120

3,10 Growth Rate of Cotton Yield 123



2,0(a)

2.0(b)

2e2

2.3

2oLt

2.5

2.6

267

2.8

2.9

3.0

Je 1

LIST OF TABLES

Area Under 3Some Selected Crops in the
trennium 1967-70 and 1977-80

Percentage Share of Drought Prone Areas
of States in Total Area under some Selected
Crops in Drought Frone Areas (1977-80)

Spatial Distribution of Area under Bajra

during 1967-70

Spatial Distribution
during 1977-80

Spatial Distribution
during 1967-70

Spatial Distribution
during 1977-80

Spatial Distribution
during 1967-70

Spatial Distribution
during 1977-80

Spatial Distribution
during 1967-70

Spatial Distribution
during 1977-80

Spatial Digtribution
during 1967-70

of

of

of

of

of

of

of

Area

Area

Area

f Area

Area

Area

Area

Area

Spatial Distribution of Area

during 1977-80

under

under

under

under

under

under

under

under

under

Bajra

Jowar

Jowar

Gram

Gram

Groundrut

Groundmt

Cotton

Cotton

Production of Some Selected Crops for the

Trenniums 1967-70 and 1977-80

41

42

L4

51

53

59

66

73

T4

82



3.2

i
.
W

ok

3¢5

3.6

37

3. 10

3. 11

3.12

4,2
4e3

bty

Yield Level of some Selected Crops and

their Growth Rate

Spatial Distribution of Yield Level and

Area of Bajra

Spatial Distribution of Yield
Bajra and Its Growth Rate

Spatial Distribution of Yield
Area of Jowar

Spatial Distribution of Yield
Jowar and Its Growth Rate

Spatial Distribution of Yield
Area of Gram

Spatial Distribution of Yield
Gram and Its Growth Rate

Spatial Distribution of Yield
Area of Groundrut

Spatial Distribution of Yield
Groundmat and Its Growth Rate

Level

Level

Level

Level

Level

Level

Level

Spatial Distribution of Yield Level

Area of Cotton

Spatial Distribution of Yield Level

Cotton and Its Growth Rate

Bajra Area : Correlation Matrices

Bajra Area : Stepwise Regression Analysis

Jowar Area : Correlation llatrices

Jowar Area : Stepwise Regression Analysis

of

and

of

and

of

and

of

and

vi

83

85-86

89-90

ok

97

101-102

105- 106

109=-110

113-114

112-119

122

144
146
149

151



4y 5
4,6
L,7
4.8
4,9
4,10
by 11
4,12
Ly 13
Ly 14
4,15
4,16
4,17

4,18

4.19

4,20

Gram Area : Correlation Matrices

Gram Area : Stepwise Regression Analysis

Groundnut Area : Correlation Matrices

Groundnut Area : Stepwise Regression Analysis

Cotton Area :

Cotton Area

Bajra Yield :
Bajra Yield :
Jowar ‘Yield:
Jowar Yield:

Gram Yield :

Correl :tion Matrices
Stepwise Regression Analysis'
Correlation Matrices
Stepwise Regression Analysis
Correlation liatrices

Stepwise Regression Analysis

Correlation Matrices

Gram Yield : Stepwise Regression Analysis

Groundrmt Yield : Correlation Matrices

Groundmt Yield : Stepwise Regression

Analysis

Cotton Yield :

Cotton Yield :

Correlation Matrices

Stepwise Regression Analysis

153
155
158
159
163
164
167
168
171
172
175
176

179

180
183

184



CHAPTER I
INTRODUCTION

Agriculture is the dominant sector in Indian economy
as it contributes about 5 per cent of national income and
accounts for about 50 per cent of country's foreign exchange,
70 per cent population of the country derives its livings
from this sector, Importance of agriculture in Indian economy
lies not only in the fact that it provides employment to
masses but also orovides raw materials to the agro-based
industries and food to the people enployed in secondary and
tertiary sectors,

Indian agriculture had for a long period of time,
experienced colonial exploitation, Besides, it has also
suffered from vagaries of nature e, g floods and droughts,

At the time of independence, agricultural sector was almost
shattered and it did not have the capacity to feed the large
population of the country, Post independence period, however,
saw modest growth in agricultural production, which is mainly
attributed to physical extension of cultivated land, But
production became stagnant in early sixties, as physical
extension of cultivated land reached a saturation level and
weather continued to dominate production process in agriculture,
One of the severest droughts of country in 1965-66 and similar

weather conditions in the following year azgrieved the
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situation, Foodgrains production saw a decline from 39,37
million tonnes in 1964-65 to 74,0 and 74,23 million tonnes in
the following two years, 1965-66 and 1966~67, This period

" exposed the vulnerability of Indian agriculture to adverse
eather and need to achieve food scli-sufficiency as quickly
as possible.1 ith an immediate effect, strategy towards
agriculture was reviewed by planners and the period.of the
anmial plans (1966-67 to 1968-69) witnessed the formulation of
a new strategy for agricultural development, New strategy
included pacxage of new agricultural technology which marked
the beginning of the second phase of agricultural growth in
independent India, Irrigation was the spearhead of package
technology which is popularly knowm as "Green Revolution®,
Expansion of irrigation, fertilizers use and insecticides and
pesticides led to introduction of H,Y,V., of seeds and hence,
foodgrains production increased at modest rate, 3,3 per cent
per anmum over the period 1964-65 to 1970-71 and 2,8 per cent
per anmum over the period 1964-65 to 1978--79.2 Intensive
cropping and increase in yileld, both played very important role
to increase the agricultural production after mid sixties,

however, later was major contributor, Hence, green revolution

1 Research Report 28: "Growth and Equity : Policies and
Implementation in Indian Agriculture", November 1981.
International Food Policy Research Institute, p, 36,

2 Ibid,, p. 2.



enabled to provide a break through to the stagnant agricul-
tural economy during mid sixties, Foodgrains production
increased from 89 million tonnes in 1964-65 and 74,23 million
tonnes in 1966-67 to 121,03 million tonnes in 1975-76 and
131,37 million tonnes in 1978-79,

But being scale-blased and confined to irrigated
tracts only, green revolution accentuated interpersonal and
interregional disparities in agricultural development, Punjab,
Haryana, western Uttar Pradesh and coastal Andhra Pradesh are
most benefitted by green revolution, Assured supply of soil
moisturs in fact, forms the base of green revolution in these
areas and introduction of irrigation sees its past, in some of
these areas, even during British period., "The successes have
largely come in the 'intermediate' areas which have been
generally in the ascendant over the past century. Indeed,
many of the most impressive sites of green revolution appear
to be places which saw rapid agricultural growth in the period
from 1880s to the 19205 and then marked time - Punjab and
Doab, Godavari, Nammada and Gujarat, The problem of the

drylands and of the o0ld rice lands remain."3

Food grains
orcduction, specially wheat production, has been affected by
package technology, Hence green revolution has been termed

as "Grain Revolution" or 'Wheat Revolution' by some scholars,

% Christopher J, Baker, "Frogs and Farmers : The Green
Revolution in India and its Murky Pagt", in T,P,
Byless-Smith and Sudhir Wammali, ed, (1984), Understanding
Green Revolutions, Cambridge University Press, p., 50,
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Unirrigated and rainfed agricultural lands which cannot assure
timely and sufficient supply of soil moisture have not been
able to acquire new technology, Hence, agricultural production

in these areas has increased at slow pace,

Vast area of the country is rainfed and agricultural
productivity in rainfed comditions is comparatively low. HMore
than 70 per cent of the area in the country is still cultivated
under rainfed conditions, These areas contribute nearly 42 per
cent of total foodgrains produc’cion.L+ Rainfed agriculture has
also two phases - wetland agriculture and dryland agriculture,
Although, there is no objective definition of wet and dry
lands, but both concepts are viewed as opposite to each other,
Jetland agriculture has rice as a major crop and sufficient
soil moisture gained through rainfall during cropping season,
Conversely, dryland has millets and coarse grains as maJjor
crops and does not receive sufficient rainfall to meet the
demand of waterv/ Planning Commission defines dryland as
"Those areas which receive an anmial rainfall ranging from
375 mm, to 1125 mm, and with very limited irrigation facility,
Areas getting rainfall less than 375 mm, are absolutely arid
or desert while areas getting rainfall more than 1125 mm. are

5

as good as irrigated areas,"

L PpPlanning Commission, India, 3ixth Five Year Plan
(1980-85), p. 103.

5 Planning Commission, India, Fourth Five Year Plan
(1969-74), p. 153,




Fourth Five Year Plan lists 128 districts of the
country under dryland, Out of them 25 districts of Rajasthan,
Saurashtra, and rainshadow regions of Maharashtra and Karnataka
are absolute dry, receilving rainfall between 375 mm and 750 mm.
and have less than 10 per cent of cultivated land under irriga-
tion, Twelve of the remaining districts have more than 30 per
cent of cultivated land under ifrigatidn. While the remaining
91 districts having rainfall between 375 and 750 mm. are
spread over Haryaha, Tamilnadu, Gujarat, Maharashtfa, Andhra
Pradesh, Karnataka and Uttar Pradesh.

| Plannihg Commission's definition of dryland, however
cannot be considered as objective, because annual rainfall
cannot be taken as lonely criteria to delimit dryland, Dryness
or wetness of land is determined by soil moisture requirement
.and received amount of rainfall, Soil moisture requirement or
potential evapotranspiration depends on various climatic
- factors, Hence dryland or wetland can be delimited keeping
in view, both soil moisture requirement and its supply. One
of the economic characteristics of drytand is that it has very
low agricultural productivity which is caused by multifacit
factors, Most significant among them i1s persistance of
moisture deficit, Dryland is very wvulnerable to drought
conditions, In fact, drought is a prominent feature of Indian
climate and can occur even in wet areas, But the frequency
of drought occurance is high in dryland as compared to wet

reglons,



The two terms, dryland and drougﬁt prone area, are
used as synonyms, However, there is difference between the
two, Concept of dryland is closely associated with the
aridity, and there is difference between aridity and drought,
Aridity is a climatic condition which exists permanently,
while drought is a function of fluctuations in weather
phenomenas, "Aridity is more or less a permanent climatic
condition of low to very low rainfall areas, usually associated
with higher water demand, Drougnt on the other hand is a
temporary condition occuring in a climatic zone ordinarily
adeguate rainfall for vegetation or agriculture, river flow
and water supply."6 Drought can occur both in arid and humid

climates.,
Drought

As mentioned earlier, droﬁght is a temporary
climatic phenomenon and caused by shortfall of rainfall,
Drought is caused due to long continued dry weather and
insufficient rainfall which results in exhaustion of soil
moisture, suffering of plants froﬁ lack of water, depletion
of underground water supply and reduction and eventual

7

cessation of stream flow, It is not possible to evolve an

6 S.N, Singh, "Climatic Peculiarities of Dryland and Drought
Prone Areas : Identification of Important Parameters",

Drought Prone Area Programme, Agricultural Management
Training, 73 December ﬁ§7§ To 1 January 1979, Department
‘of Agronomy, Benaras Hindu University, Varanasi,

7 Tapeshwar Singh (1978): Drought Prone Areas in India,
New Delhi, p. 26,




universally acceptable definition of drought because insuffi-
ciency of soil moisture, depletion of ground water supply and
cessation of stream flow depend on various factors, such as
climatic phenomenas, slope of the land, cropping pattern and
growth stages‘of crops, which vary in space and time, Climatic
phenomenas such as temperature, sunshine, humidity and wind
velocity affect the rate of evapotranspiration, Slope of the
land has effect on the percolation of rainwater, Texture and
structure of soils determine their moisture retention capacity.
Moisture requirement vary from crop to crop and stage to stage
or plant growth, Hence, water requirement of the crops vary
from region to region and time to time. Lower ihnit of moisture
constraint tolerance can be identified for a particular region
and fall of soil moisture supply below this level will hamper
the crop growth, But this definition of drought cannot be
applicable all over the globe because of different envirormental
settings,

Objective definition of drought has not been evolved
till now and various scholars and research organizationsg have
come forward with rmmerous definitions, They, however, agree
on the point that drought is caused due to lack of rainfall,
British Rainfall Organisation (1936) defines absolute drought
as "A period of atleast 15 consecutive days to none of which

is credited a rainfall of 0,01 inch or more," In the USA



drought is defined as "a year having less than 85 per cent
of the normal precipitation, a period of atleast 21 days when
the precipitation is less than 30 per cent of the normal, "

In European Russia drought is defined as "a period of 10 days
with a total rainfall not exceeding 0.2 inch." Indian
leteorological Department has defined drought as a situation
occuring in any area when the annual rainfall is less than
75 per cent of the normal, It is.a 'moderate drought' if
deficit ranges between 25 to 50 per cent of the nomal and

' severe drought', if deficit is 50 per cent or above, Some
scholars also have put forward objective and quantitative
definition of drought, According to Hoyt (1936) "in humid and
semiarid climates droughts do not occur until the annual
precinitation is as low as 85 per cent of mean", Dates (1935)
says that drought occurs when anmial precipitation is 75 per
cent of the normal value or when the monthly precipitation

is 60 per cent of the normal, Ramdas (1950) says, "droucht
is an occasion when actual rainfall falls short of the normal

8 Conard (1944) defines

by more than twice of mean deviation,®
drought a period of 20 or more consecutive days without 0,25
inch precipitation in 24 hours, Henry (1960) has defined
drought as a period of 21 days or more when rainfall is 30
per cent or less of average, It becomes a extreme drought

when rainfall is less than 10 per cent of average for 21 days

8 L,A, Ramdas (19%0), "Rainfall and Agriculture", Indian
Journal of Meteorology, Hydrology and Geophysics, vol, 1,
no, &, p. 203.




or more,

Some other scholars also ha&e put forward definition
of drought, however, most of them are gubjective. As
Linslay defines drought as !'sustained period of time without
significant rainfall', Blair points out that *drought is a
relative condition', Tapeshwar Singh considers negative
departure of rainfall from normal as basic indication of
drought, He says that drought is ""dryness due to lack of
rain",

In aforementioned definitions drought has been cone
sidered as a meteorological phenomena, Other scientists such
as Hydrologists, Economists, Biologists and Agricultural
Scientists are also concerned with drought conditions and they
view and define drought on the basis of theilr purpose ard
background. On this basis droughts can be classified as

following:

(1) Meteorological Drought: Meteorologists consider drought

as a rainless situation for a extended period during which some
precipitation should normally have been receiyed, depending

on location and season, Thomas says, "drought is a
meteorological phenomena and occurs when precipitation is

less than the average and when deficlency is great enough and

long enough to hurt mankind, "
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(2) Agricultural Drought: Agricultural scientists consider

drought as a shortage of soil moisture which put strains on
plant growth, consequently lowers crop and animal production,
Deficiency of moisture is caused by failure and decline in
rainfall amount, which adversely affects agricultural
productivity, According to Rosenberg (1980) "drought is a
climatic excursion involving a shortage of precipitation
sufficient to adversely affect crop production or grassland or

horticultural productivity".9

(3) Hydrological Drought: Hydrologists view drought as a

depression of surface or underground water levels or diminution
of stream flow, According to American Meteorological Society
drought is a meteorological phenomena which results in hydro-
logical imbalance, 1t defines drought as "a period of
abnormally dry weather sufficiently prolbnged for lack of

water to cause serious hydrological imbalance (i.e, crop

damage, water supply shortage etc.,) in affected areas",

(4) Economic Drought: Economists consider drought a shortage

of water which adversely affects the egtablished and existing
economy of the region, As Russel has defined drought in

Australia as "a period of months or years during which little

9 Quoted from M,S., Swaminathan (1984), "Climate and
Agriculture®, in A,K, Biswas, ed,, Climate and Development,
Dublin, pp., 65-95.
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rain falls and country gets burnt up, grass and water disappear,

crops become worthless and sheeps and goats die".1o

The
cognisance of adverse affect of drought on economy lead James
and Gallegner to define "drought as an economic situation

recognisible in crop failuret,

(5) Biological Drought: Biologists treat drought as a biological,

phenomena which ultimately results in adverse affect on biomass
of the region, particularly plants, According to Landsberg,
"drought is a biological rather than a climatic phenomena and
it should be defined séparately for each plant species and

soil enviromnent!, Sastri says, "drought begins when plants
can no longer recoup water from the zoil as quickly as it is
lost by transpiration',

Various scientisté view drought from different point
of view and have not succeeded in evolving an objective and
universally acceptable definifion, but they agree on the
point that cause of drought occurance lies in negative deviation
of rainfall from the normal, Extent of rainfall variation
however depend on climatic characteristics of the concerned
region, Occurance of drought results in hydrological imbalance,
depletion of surface and underground water resources and soil

moisture deficiency, It puts strain and stress on the biomass

10 V,P. Subrahmanyam, et al, (1974), Indian Journal of Meteoro-
logy, Hydrology, Geophysics, vol, 15, no., 5, pp. 394-402,
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of the reglon, i,e, withering and burning of crops, deteriorating
animal health and causing their death, Deteriorating agricul-
tural economy sees its ipfluence in overall economic crisis of
the region, Therefore, droughts ultimately adversely affect

the economy of society as a who;e, however, adversity might

vary for various sections and classes of society,

Very few scholars have cognizance of drought from
spatial point of view., Water resources and requirements vary
in space and time, A region might have water reguirement
different from other regions and might vary during various
reasons, Any definition of drought has limited scope in
respect of space, It is a relative term and therefore has no
precise universally acceptable definition.11 aeterogeneity
in the space, particularly in respect of precipitation, sunshine,
windspeed, temperature, soil texture, soil moisture conditions
and cropping pattern are responsible for not arriving at any
universally acceptable definition of drought. These heterogeneous
factors are not only responsible for availability of moisture at
the root zones of crops but also for the rate of potential
evapotranspiration, Hence a better way to define drought is
to estimate potential evapotranspiration and compare it with
the availability of water, When potential evapotranspiration

exceeds water availability, the condition should be termed as

11 Tapeshwar Singh, op, cit., p. 31.



drought, Severity of drodght can be measured on this scale,
Thornethwaite has identified drought conditions adopting water
balance approach and has defined drought as 'a period of dryness
of weather or climate as affects the earth or prevents the
growth of plant', Irrigation Commission has also followed
water balance approach to define the drought conditions,
"Drought is a result of imbalance between the soils moisture
and evapotranspiration needs of an area, over a fairly long
period so as to cause damage to standing crops and a reduction
in crop yield".12 Hence definition of drought conditions
differ from region to region depending on water requirement and

availability,

Identification of Drought Prone Areas

Drought is one of the climatic calamities in India
which does not spare any climatic region, whether it is humid,
sub-humid, semi-arid or arid, But its effects are more
pronounced in arid and semi-érid climatic zones where rainfall
variability is comparatively hicher, Frequency of droughts
occurance is high in Rajasthan, western Haryana, Gujarat,
western Madhya Pradesh, Maharashtra, Karnataka plateau, Andhra
Pradesh and Tamilnadu, Droughts also occur in humid areas
and cause concern to crop productioh but their frequency of

occurance is low and does not have severe affects on the

12 Ministry of Irrigation and Power, New Delhi, Report of
the Irrigation Commission, 1972, vol. 1, pp. 158:76,
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economy, "While in humid regions where rainfall is heavy, such
uncertainities do not precipitate serious economic crisis conse-
quent upon the failure of crops, but in other areas even marginal
variation in the above noted characteristics of monsoon rainfall

results in gréat suffering of Deople."13

After independence, Goverrment of India realized the
importance of identification of drought affected areas, Its
prime aim was to provide relief measures to the people of the
areaé who used to suffer from droughts. In 1970 a committee
was constituted under Plamning Commission, Drought prone areas
attracted attention of the Govermment as 19 per cent of country's
area suffers from drought and accounts for 12 per cent
population of the country; agricultural productivity in this
area 1s very low and fluctuate with rainfall variability; and
drought prone area contribute very little to central financial
pool and cause strains on financial resources of centre in
terms of relief operation, This committee recommended drought
prone areas Keeping in view rainfall distribution, irrigational
facilities and frequency of occurance of droughts, On the basis
of recommendation of this committee and proposals of state
goverrments, Govermment of India identified 72 drought affected
districts of which 54 are fully affected and 18 are partially
affected, Drought Prone Area Programme (DPAP) was launched in

13 Tapeshwar Singh, o cit,, p. 32,
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these drought prone districts, These drought affected districts
are mainly concentrated in arid and semi-arid areas but some of

them are even located in humid areas of VWest Bengal,

Another exercise, regarding identification of drought
affected areas, was done by Irrigation Commission in 1972,
Irrigation Commigssion sought the help of Indian Meteorological
Department and state governments to fulfil this task. IMD put
forward earlier mentioned definition of drought to identify
drought prone areas, It defines drought as 'a situation when
rainfall is less than 75 per cent of normal', It is termed as
'moderate drought! in case rainfall deficit ranges between 25
to 50 per cent and 'severe drought' in case rainfall deficit is
above 50 per cent, In the framework of above-mentioned criteria,
if drought occurred in 20 per cent of the examined years then
that area is considered as drought affected and where it has
occurred in more than 40 per cent of the examined years is
termed as !'chronic drought area', Irrigation Commission
considered this recommendation to identify drought affected
areas.

Governments of various states were qsked to identify
drought prone areas on the basis of meteorological data, revemue
remission, frequency of famines and scarcity and availability
of irrigationel facilities, States identified drought prone

areas on tehsil, taluka or thana levels, But different states

adopted different criteria in absence of any concrete guideline,
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Different criteria adopted by different states made the drought
prone areas identified by them as incomparable, Hence, recommen~
dations of various state goverrments cculd not provide any help
in identification of drought prone areas in the country. For
example, govermments of Maharashtra and Gujarat considered
report of Fact Finding Committee a base for identification of
drought affected areas, Goverrment of Tamilnadu chose the
criteria of rainfall less than 900 mm, and irrigation less
than 35 per cent to identify it, Whereag Goverrment of Mysore
(Karnataka) identified drought affected areas on the basis of
the criteria, where kharif season rainfall is less than 400 mm, ,
rabi season rainfall is less than 150 mm and variability of
rainfall is more than 30 per cent in each season, Similarly,
criteria of revenue remission is also different in different
states, As in 'Annawari System! it is purely a subjective
exercise,

| Irrigation Commission has identified 67 districts
as hard core areas affected by drought, Apart from the
recommendations of IMD, Irrigation Commission adopted following
criteria to identify drought prone areas, as rainfall less than
1000 mm., irrigated area less than 30 per cent of cultivated
area and coefficient of variation of rainfall more than 20 to
25 per cent, This identification was done considering taluka
or tehsil as a unit, Drought affected districts identified by

Irrigation Commission are spread over arid and semi-arid areas
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of eight states, Complete area or some talukas of 7 districts
of Andhra Pradesh, 11 districts of Gujarat, 3 districts of
lHaryana, 9 districts of Madhya Pradesh, 9 districts of
Maharashtra, 12 districts of Harnataka, 9 districts of Tamilnadu
are ldentified as drought prone, Both, Planning Commission and
Irrigation Commission have identified almost same area in arid
and semi-arid regions as drought affected, But some districts
of West Bengal, Bihar, Orissa and Uttar Pradesh which figured

in Planning Commission's report as drought affected have been
deleted in Irrigation Commission's report,

Irrigation Commission did not consider some of the
crucial climatic factors, such as temporal variation of rainfall
and frequency of dry spells, in its exercise of drought prone
areas identification, However, in sub-humid and humid regions
where annual rainfall is sufficient to meet water requirement
of crops, drought like conditions sometimes persist because of
great deal of variations in weekly and monthly rainfall, Hence
drought affected areas in sub-humid and humid regions of India
mentioned in Planning Commission report were deleted by
Irrigation Commission., Apart from temporal variation in rainfall
occurance other physical and cultural factors such as
temperature, vegetation cover, wind velocity, soil moisture,
antecedent rainfall and topography also play an important role
in causing drought like conditions, It is, however, not
possible to take into account all these factors while identifying,

|

drought affected areas in a vast and diverse country like India,
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For the purpose of our study drought prone areas are
identified on the basis of three parameters, viz, nomal anmal
rainfall;, irrigation and variability of rainfall and district
has been chosen as a unit, 1976-77 has been taken as base
year to determine proportion of gross area irrigated in gross
area sown, Districts having normal anmial rainfall less than
100 cm,, proportion of irrigated area less than 30 per cent
and coefficient of variation of rainfall more than 20 per cent
have been identified as drought affected, 82 districts spread
over arid and semi-arid regions of Rajasthan, Haryana, Gujarat,
Madhyé Pradesh, lMaharashtra, Andhra Pradesh, Karnataka and
Tamilnadu are identified as drought affected, As shown in
Fig. 1.1, drought affected districts of India make a contiguous
belt from Thar desert, passing through central and western

plateau, to the south of Deccan lava trap.

Objective of Study

Drought prone area is a economically backward region
of the co untry, having very low agricultural productivity.
Yield of crops remain low and drought resistant and hardy crops
dominated the cropping pattern, because of high frequency of
drought occurance, Parameters of rainfall are major factors
to explain variations and fluctuations in yield and acreage

of the crops, ObJective of this study is -



A

(1) to examine the influence of various parameters of rainfall
viz,, annual rainfall, seasonal rainfall and variability
of rainfall, on the area of selected crops at two points
of time, viz, 1968-69 and 1978-79;

(i1) to examine the influence of various parameters of rainfall
viz, annual rainfall, seasonal rainfall and varlability
of rainfall, on the yield of selected crops at two points

- of time viz, 1968-69 and 1978—79{ and

Liii) to analyse cross-sectional and temporal variations in

the yield rates of selected crops in drought affected

areas,

Area of Study and its Geographical Personality

The area of study is comprised of 82 districts con~
centrated in arid and semi-arid regions of the country. These
drought affected districts are spread over 8 states viz.
Haryana (2), Rajasthan (19), Gujarat (12), Madhya Pradesh (13),
Maharéshtra (15), Andhra Pradesh (6), Karnataka (12), and
Tamilnadu (3), Details about names of drought affected
districts is given in Appendix I and Fig, 1.1, Roughly drought
affected area cuts across arid and semi-arid land of north
western, western and central India and rain shadow areas of

peninsular India,
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Physiography: Drought prone areas cut across two major

physiographic regions of India; Indo-Ganga Plain and Plateaux
of central and south India, Drought affected area of Haryana
is almost a plain land with patches of sand dunes, The blown
sands have covered the western part of Ghagpar Plain, ‘estern
Rajasthan ig comprised of uneven plain of Thar Desert while
stoney outcrops disturb the contiguity of plain of eastern and
south eastern Rajasthan, Drought prone districts of Gujarat
have sandy desert land in the north, marshy land of Kutch

in north west, plateau table land in central parts and coastal
plain in south. Drought prone area of Madhya Pradesh cover the
dissected Malwa plateau eroded by Chambal, Betwa and their
tributaries and parts of Vindhyan and 3Satpura highlands, Drought
affected areas of Maharashtra cover rainshadow and dissected
plateau land of Marathwada and Vidarbha, Western districts of
Andhra Pradesh, lying over Telangana and Rayalseema plateaus are
drought affected, Except western coastal land and western

Ghats, rainshadowed and plateau land of Karnataka is affected

by droughts. While drought affected area of Tamilnadu is spread
over rainshadow parts as well as northern parts of Tamilnadu

plateau,

Climate - "
——————— . » :6

AX (I >SS Uy N
(i) Rainfall: Annual normal rainfall in drought affected

areas is below 100 cn as shown in fig, 1,2, There is great

deal of spatial variation in its distribution, It is less than
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30 cm, in western parts of Rajasthan, For example nomal anmial
rainfall in Barmer, Bikaner, and Jaisalmer is 27,75 omn., 26,37
cm., and 16,40 cm. respectively, It is very low in western
Gujarat too, as it is 32,22 an in Kutch, Annual rainfall is
high in eastern parts of drought affected area of Madhya Pradesh,
In drought affected areas of Haryana, Rajasthan, Gujarat and
Madhya Pradesh anmial rainfall decreases as one moves towards
west, Drought prone area of Deccan plateau liesin rainshadow
area of Western Ghats, While in western coastal plain annual
rainfall is as high as more than 300 cm., this quantity is
reduced well below 100 an., in the eastern side of Western Ghats,
For example, normal anmual rainfall in two coastal districts,
Ratnagiri (Maharashtra)-andeouth Kamara (Karnataka) is 330,57
cm and 387,03 cn respectively, But anmual rainfall of two

ad jacent drought affected districts, Sangli and Mysore which
incidently are lying east of Western Ghats is 62,48 cm and
75.78 cn respectively, In the drought prone areas lying in the
rainshadow in south India, anmial rainfall increases as one
moves east-ward because of diminishing rainshadow effects and

increasing influence of north east monsoon,

Rainfall is comparatively less reliable in drought
affeéted areas, As deplicted in fig, 1.3 coefficient of
variation of annual rainfall is more than 20 per cent throughout
the area, Areas having low rainfall have less reliable

rainfall too, It is evident from the fact that drought prone
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areas of western Rajasthan and Gujarat having anmial rainfall
less than 40 cm have high coefficient of variation of rainfall,
For example, C,V, of anmual rainfall in the districts of
Jaisalmer, Barmer, Jodhpur, Junacarh and Kutch is 67,71, 57.88,
57.86, 67.06 and 62, 30 per cent respectively, Conversely,
rainfall reliability is high in areas having high anmial rainfall,
Hence rainfall variability is low in drought affected areas of
south India,

South western monsoon is major socurce of rainfall
throughout drought affected areas, About 80 per cent of annual
rainfall in arid and semi-arid areas of the country occur during
south-west monsoon season, In Kutch and Kathiawar regions of
Gujarat more than 95 per cent of anmual rainfall occurs during
this season, But share of south western monsoon in anmal
rainfall is reduced to 55 to 60 per cent in drought prone
areas of Tamilnadu and adjacent parts of Karnataka and Andhra
Pradesh, North eastern monsoon accounts for about 40 per cent
of annmual raiﬁfall in this region, Frequent intrusions of
western disturbances in north west India during winter cause
rainfall in drought affected areas of Haryana and Rajasthan
which 1s very helpful for 'rabi crops', Sometimes cyclones also
cause rainfall in some parts of Tamilnadu, Andhra Pradesh and

Gu jarat,
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(ii) Temperature: Mean anmial temperature remains above 20°C

throughout arid and semi-arid climatic zones of the country. It
remains above 25°C except parts of Haryana, eastern Rajasthan
and some parts of Karnataka plateau, Summer temperature remains
relatively higher in porthern parts. June temperature in north
west India remains above 30°C, ‘hile it remains between 25 C
and 30°C in southern Maharashtra, Karnataka plateau, Tamilnadu
and Andhra Pradesh, During winter, monthly temperature of
January ranges between 10°C and 20°C in drought affected areas
of north and western India, while in south it remains above
200C, It is evident that lack of heat is not a obstacle in

crop production in drought prone areas, Northern part of
drought affected areas has well defined Kkharif and rabi seasons,
In south, however, crop seasons are not well marked as temperature

remains high throughout the year,

Soils: Drought prone areas of India cut across various
physiographic regions and bed rocks, These areas have various
kinds of soils which differ in terms of their physical and
chemical properties, Desert sandy solls occupy major part of
desert areas of Rajasthan, Gujarat and Haryana., There are two
types of desert soils, Regosol which is a deep, coarse textured
sandy so0il and lithosol which is very shallow and rests on bed
rocks of sandstones, Regosolic sand soils are stretched over
vast desert land of Rajasthan while lithosolic solls are
particularly concentrated in south west Rajasthan, Desert

soils lack in humuous and nitrogen contents and their colour
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vary from yellowish brown to dark reddish brown, Juantity of
calcium carbonate increases downwards which results into Kankar
bed formation in stabilized sandy areas, Grey brown soils cover
eastern Gujarat and south eastern Rajasthan, These are light
textured sandy loam soils of alluvial origin, Black soils are
spread over drought affected areas, Madhya Pradesh, Maharashtra,
and parts of Gujarat, Karnataka and Andhra Pradesh. Derived
from weathering of bed rocks of lava trap, black soils have

dark colour, varying from dark brown to deep black., On the basis
of their depth black soils are divided into three groups =-
shallow black soils, medium black soils and deep black soils,
Black soils are heavy textured with clay contents ranging from
4O to 60 per cent, They are rich in minerals, sticky and
plastic when wet and hard when dry, Black soils show strong
swelling and shrinkage under changing moisture conditions
resulting in heavy cracking and fissuring, These soils are
deficient in nitrogen and phosphoric acid and rich in organic
matter, lime ana potash. Red soils are spread over drought
affected areas of Karnataka plateau, Andhra Pradesh and Tamilnadu,
Red sandy soils are extensively spread over this region while
red loamy solls cover a considerable area in western parts of
Karnataka plateau, They are light textured, porous and
comparatively less fertile soils, Red sandy soils are generally
derived from grainites, granitiod graisses, quartzites, sand

stones etc, and are characterized by being rich in coarse
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and fine sand fractions, The clay minerals become coated with
red haematite or yellow limonite or a mixture of two oxides
of iron forming a red, yellow or reddish yellow 5011‘14 Red
soils are also found mixed with black soils, Coastal alluvial

solls cover some parts of drought affected Gujarat,

Natural Vegetation: The drought prone areas of India

have very sparse natural vegetation, dominated by thorny bushes
and scrubs, Tropical thorn-forests cover dryland of Tamilnadu,
Karnataka plateau, Telangana and Rayalaseema, central

Maharashtra; Gir forests of Gujarat, western Madhya Pradesh and

north west India, ‘'Acacia' is dominant plant specie, Euphorbias

and other thorny trees are also found in some areas, Thorny
bushes and scrubs have small leaves in order to conserve soil
moisture by reducing evaporation surface, Vegetation is
sparsely scattered and grass is almost absent which makes the
land vulnerable to erosion hazard, Tropical dry deciduous
forests are, however, found in relatively wet areas of eastern
RaJjasthan, western Madhya Pradesh, Tamilnadu and Andhra
Pradesh.15

Hzgothesis

Attempt has been made to examine the following

14 S.V. Govinda Rajan and H,G, Copala Rao (1978), Studies
on Soils of India, New Delhi, pp, 14=50.

15 R,L. Singh (1971), ed., India, A Regional Geography,
Varanasi, pp. 1517,
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two hypotheses in the present study:

(i) Variation in area under crops in drought prone areas is

function of the variations in different rainfall parameters.

Area under crOpé increases with increase in anmial and
seasonal rainfall, but is inversely correlated with
rainfail variability,

(ii) variation in yield of crops in drought affected areas is
function of the variations in various parameters of rain~
fall, Yield of crops 1is pogitively associated with anmial
and seasonal rainfall and negatively associated with

variability of rainfall,

Period of Study

Two periods of tﬁne; 1967-68, 1968-69, 1969-70
(late sixties) and 1977-78, 1978-79, 1979-80 (late seventies),
having an interval of 10 years have been chosen for the
present study, Trennium averages for both periods of time
have been computed to show yield levels and avreage of crops

during !'late sixties' and 'late seventies'.

Crops Selected for Study

'Five crops viz, Bajra, Jawar, Gram, Groundrmut and
Cotton have been selected for the present study, Except gram
all of them are kharif crops., Jawar and groundnut are, however,

sown in rabl season in some parts of peninsular India, By and
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- large all of them are dry crops, fulfil their soil moisture

requirements from rainfall,

" Date Base

Area of study cuts across eight states, Hence data
pertaining to districts-wise area and production of crops
and rainfall parameters has been collected from various sources
published by centre and states, Following are the publications
of central Goverrment utilized in the study - Statistical
Abstracts of India, Agricultural Situation in India, and Indian
Agricultural Statistics of concerned years published by Economic
and Statistical Organization, Ministry of Agriculture, New
Delhi, India, State level sources of data utilized in this

study are following publications of concerned years:

(i) Statistical Abstracts, and Season and Crop Reports of
Haryana, Economic and Statistical Organization, Planning
Department, Goverrment of Haryana.

(ii) Handbooks of Statistics, and Season and Crop Reports,
Bureau of Economic and Statistics, Govermment of
Gujarat.

(1ii) Statistical Abstracts, and Season and Crop Reports,
Directorate of Economics and Statistics, Rajasthan,

(iv) Statistical Abstracts, and Season and Crop Reports,
Directorate of Economics and Statistics, Madhya Pradesh,

(v) Statistical Abstracts, and Season and Crop Reports,
Directorate of Eccnomics and Statistics, Govermment

of Maharashtra,
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(vi) Statisticai Abstracts and Season and Crop Reports,
Bureau of Economics and Statistics, Govermment of Andhra
Pradesh, Hyderabad,

(vii) Statistical Abstracts, and Season and Crop Reports,
Bureau of Economics and Statistics, Bangalore, Govermment
of Karnataka, |

(viii)Statistical Abstracts, and Season and Crop Reports,
Directorate of Statistics, Madras, Govermment of
Tamilnadu, Unpublished data pertaining to district-wise
gross cropped area and rainfall of Gujarat, Madhya Pradesh
and Karnataka for the period 1978-79 and 1979-80 has been
collected from processing section of Economic and Statistical
Organization, Ministry of Agriculture, Krishi Bhawan,
New Delhi,

Coefficient of variation of Anmual Rainfall (1901-1950)
for drought affected districts has been worked out fram isopleth
map showing variability of anmual rainfall, Agro-Meteorological
Atlas of India, Indian Meteorological Department, Poona,

Methodology

In order to examine gpatial and temporal variations
in yield levels and acreage, triennium averages of area amd
production have been computed for the periods 1967-70 and
1977-80. Average triemnium yields and acreage is also computed

for both periods, Anmual compound growth rate of yield of
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five crops has been computed with the help of the formula,

/ /

R =/ | Antilog ( Log xp - Log x1)} /
’ i '-1 x 100

s - i 1 J/

“here R is annual compound growth rate of yield, x4 is yield
during earlier period, X, is yield during later period and i

is interval between two periods,

Various parameters of rainfall i,e, annmual rainfall,
seasonal rainfall, variability of rainfall, onset of effective
rainfall, mumber of ;ainy days, intensity of rainfall and .
frequency of wet and dry spells, have been identified to analyse
variations in yield and acreage of selected crops, However,
all these parameters of rainfall could not be included in the
exercise because of nonavailability of detailed district-wise
data of rainfall, .Two sets of dependent variables have been
tied with one set of independent variables for the exercises
of correlation and step-wise regression, Following are the

set of variables:

(A) Independent Variables

X1 = Anmual Rainfall
X> = Seasonal Rainfall
X3 = Variability of Anmual Rainfall

(B) Dependent Variables

¥1 Area under the crop

Yield of the crop

y2
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Exercises of correlation and step-wise regression have
been done for each crop for two periods of time, 1968-69 and
1978-79, Anmual rainfall is total quantity of rainfall occurred
during respective year and seasonal rainfall is the quantity of
rainfall occurred during the season of the respective crop,
Correlation matrix explains degree of associlation between two
variables and step-wise regression examines explanatory power of

independent variables,

Overview of Literature

Whether it is a humid, sub-humid, semi-arid or arid
climatic zone, rainfall is a very important variable to explain
variations in agricultural production, Vagaries of monsoon
have been countered in some parts of the country by assured
irrigation, Yet this facility is not available in vast areas,
Both excess and deficit of rainfall are hamful to the crop
production, The present study 1s concerned with drought
affected areas of India which do not have sufficient soil
moisture available through rainfall or irrigation. Rainfall
deficiency in these areas has discernible effect on crop
production, Farmers have adjusted the cropping pattern according
to availability of rainfall, However, cropping pattern and
crop yield are subject to variations with the fluctuations in
amount of rainfall and occurance of dry and wet spells, There
may be excessive rainfall during a part of the crop season but a

single prolonged dry spell will spoil and burn down the crops,
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In India, not much study has been done to analyse impact
of rainfall parameters on area and yield of the crops, Crop-
weather scheme was initiated in 1945 in the country. Agro-
Meterorological Division of IMD began collecting farm enviromment
and crop yield data under All India Co-ordinated Crop-Weather
Scheme, Crops selected for study were wheat, rice, Jjowar, cotton
and sugarcane, These studies primarily deal with the relationship
between crop yield and weather phenomenas including rainfall, One
hardly finds any study pertaining to area under crop and rainfall
pafameters relationship, Moreover, there are very few studies
showing relationship between'crOp yield and rainfall
parameters,

Ramdas (1950)16 studies the behaviour of monsoon in
India for the report of Crop outlook, He analysis rainfall data
of 30 sub-divisions of country for the period of 75 years.
Vagaries of monsoon rainfall have been examined taking weekly
and seasonal rainfall, Sreenivasan and Banerjee (1958)17 have
utilized data collected under co-ordinated crop-weather scheme

to investigate into the relationship between growth attributes

16 L,A, Ramdas, "Rainfall and Agriculture : Use of Routine
Rainfall Reports for Crop Outlooks", Indian Journal of
Meteorology and Geophysics, vol, 1, no, 4, 1930,
pp. 202-74,

17 P.S, Sreenivasan and J,R, Banerjee, "A Comparative Study
of Rainfall and Cotton Crop under Crop Weather Scheme of
Akola and Nagpur", Indian Journal of Meteorology and
Geophysics, vol, 9, no, 1, 1958, p, 151,




of plants and yield of cotton, and rainfall at Akola and Nagpur,
' One part of the paper also deals with comparative growth of
plants at various -stages at two stations, Malik (1958)18 has
examined relationship between height and yield of kharif

Jowar and the available rainfall during vegetative growth
period in south India, It reveals that height and yield of
Jowar are positively correlated: Deviation of rainfall from
Opthnalyrainfall value has reverse affect on height and yield,
Malik etc. (1960)19 have examined relationship between various
meteorological elements, rainfall, rainy days, sunshine, maximum
temperature and minimum temperature, and growth of cotton at
various stages of growth, Correlation, however, turned out to
be weak, Gangopadhyaya and Sarkar (1964)20 have applied curvi-
linear correlation technique to examine weather-sugarcane growth
relationship at Poona, Study reveals that maximum and minimum
temperature cause difference in growth of sugarcane during

elongation period., Rainfall turns out to be a weak variable

18 A K, Malik, "Height and Yield of Kharif Jowar in Relation
to Rainfall during Vegetative Growth", Indian Journal of

[Hydrology Meteorology/and Geophysics, vol, 9, no, 4, 19585,

pp. 5/ 7=-82,

19 A,K, Malik, P, Jagannathan, G, Rama Rao and J,R, Banerjee,
"Preliminary Studies on Crop-ieather Relationships -
Cotton®, IJMHG, vol, 11, no, 4, 1960, pp. 377-82,

20 M, Gangopadhaya and R.P, Sarkar, "Curvilinear Study on
the Effect of Weather on Growth of Sugarcane", IJMHG,
vol, 15, no, 2, 1964, pp, 215-26,
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because sugarcane is an irrigated crop. Malik (196/+)21 discusses
growth features and yield of rice in relation to existing
climatic elements during crop seascn, It shows that there is
remarkable consistency in the average length of the reproductive
period, and average date of flowering depends on geogfaphical
factors, Sarkar (1965)22 has investigated into relationship
betwéen weather phenomenas during tillering and elongation
phases, and yield of sugarcane at Poona, Using successive

g raphic approximation. method, optimal values of various
weather phenomenas, rainfall, maximum temperature, minimum
temperature and sunshine hours during two crop growth phases,
have been computed, Weather phenomenon explain 50 per cent of
variation in yield during tillering phase, and 80 per cent for
both phases of growth, Gupta (1966)23 has studied nature of
dry and wet spells in Rajasthan using data of five stations,
Bikaner, Ajmer, Jaipur, Jodhpur and Udaipur for the period 1891
to 1919, The study reveals that frequencies of wet spells of
less than 5 days are common and for more than 10 days are rare

all over the state, Frequencies of dry spell of more than

21 A.K, Malik, "Climatology of Crop Seasons of India - Rice",
IJMHG, vol, 15, no, 4, 1964, pp, 555-64,

22 R,P., Sarkar, "A Curvilinear Study of Yield with reference
to Weather - Sugarcane", IJMHG, vol., 14, no, 1, 1965, -
pp. 103-10,

23 B,R.D., Gupta, "Frequency of wet and dry spells at five
stations in Rajasthan", IJMHG, vol. 17, no, 3, 1966,
pp. 451-6,



10 days are common except Jalpur and Udaipur stations,
Rémamurati and Banerjee (19665 2k have utilized curvilinear
regression technig ue to examine influence of weather on wheat
yield at Dharwar, Optimal values of weather phenomenas, total
rainfall, maximum temperature, minimum temperature, mean
temperature, sunshine and relative humidity for wheat yield
have been computed, Krishna (1968)25 analyses climatic factors
in relation to agricultural set up in Rayalseema Article studies
behaviour of rainfall, water deficiency and aridity, and their
influence on cropping pattern, Krishna (1969)26 has analysed
relationship between agroclimatic factors and agriculturai set
up in semi-arid and arid zones of Maharashtra, Influence of
soil water deficiency and aridity on cropping pattern has been
studied, Shaha and Banerjee (1975)27 studied the influence of

variation in rainfall, humidity, maximum temperature and minimum

24 X,S, Ramamurati and J,R, Banerjee, "The Influence of
Weather on Wheat Yield at Dharwar', IJMHG, vol, 17,
nO. L"’ 1966, pp. 601—6.

25 A, Krishna, "Agro-Climatology of Arid and Semi-Arid
Zones of India ¢ Bellary - Bijapur and Rayalseema
Tracts", Geographical Review of India, vol, 30, no, 1,
1968, b 2435, ’

26 A, Krishna, "Agroclimatology of Arid and Semi-Arid
Zones of Maharashtra", Geographical Review of India,
vol, 31, no, 3, 1969, pp. 15-26,

27 S.K, Shaha and J,R., Banerjee, "Influence of Rainfall,
Humidity, Maximum and Minimum Temperature on the Yield
of Cotton in Coimbatore", IJMHG, vol, 26, no, &4, 1975,

p. 518,
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temperature on the per hectare yield of cotton in Coimbatore,
using Fisher's technique of multiple correlation and
regression, Study reveals that cotton yield has positive res-
ponse to increase in rainfall and hours of sunshine above
normal, Sreenivasan (1977)28 discusses relationship between
yield of two Jowar varieties and weather elements (rainfall,
minimum temperature and maximum temperature) in Sholapur, He
also utilized Fisher's technique of regression which does not
bring out satisfactory result for a discontinuous factor,
rainfall, Bishoi and Saxena (1978)2° have studied rainfall
pattern, amount, variability and probability in relation to
cropping pattern in Haryana, The state has been regionélized
on the basis of rainfall parameters and cropping pattern and
two maps are superimposed to see relationship between the
two. - Khambate and Biswas (1978)° have analysed distribution
of wet and dry weeks during monsoon season in 15 days dry
districts of Gujarat (having normal anmial rainfall less than

100 cm,) It also discusses spatial variation in duration of

28 P,S. Sreenivasan, "The Impact of Weather on two Varieties
of Winter Jowar at Sholapur", IJMHG, vol. 28, no, 3, 1977,
pp. 359-64,

29 0,P, Bishoi and K,K, Saxena, "A Study of Rainfall Pattern
in Relation to Crop Planning over the Haryana State",
IJTIIHG, VOl. 29, nov 3’ 1978, po %10

30 M,M, Khambate and Biswas, B.C., "Characteristics of
Short Period Rainfall in Gujarat", IJMHG, vol, 29,
noo 3’ 1978’ ppo 521"'20
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dry and wet spells, Rangaswamy (1982)31 has utilized times
series station data to investigate ipto nature and degree of
relationship between rainfall parameters and yield of improved
variety (K-1) and local variety of bajra at Kovilpatti,
Rainfall and rainy days of sowing, growth, flowering and
maturity stages of the crop have been tried for correlation
with yield, separately and compositively assuming that
relationship between the dependent and independent variables
in guadratic, As compared to separate parameters, composite
index explaing variation in yield in a better way and

relationship is quadratic for both varieties,

31 P. Rangaswamy, Dry Farming Technology in India - A
of its Profitability in Selec reas, New Delhi,

1982, pp. 141-50,




CHAPTER II

AGRO-CLIMATIC CONDITIONS AND AREA UNDER SELECTED CROPS

The five crops selected for the present study, are bajra,
Jjowar, gram, groundnut'and'cotton. These are largely rainfed
crops, They are mostly grown in tropical and sub-tropical low
rainfall areas and are important crops in drought prone areas of
India, In this chapter an attempt has been made to analyse

spatial distribution pattern of area under these crops,

Bajra

Apro-Climatic Conditions for Growth

BaJjra, a coarse foodgrain, is a staple crop of arid
and semi-érid regions of world, It is an important crop of
drought prone arid and semi-arid areas of India, It is a rainfed
crop except in parts of Gujarat where high yielding varieties are
irrigated, Bajra does not require high rainfall and can adjust
in low rainfall, up to 25 cm, This crop can bear stresses and
strains caused due to soil moisture deficiency which is a common
climatic phenomenon during south west monsoon season in drought
affected areas, "It is fairly resistant to drought and hence

its largest acreage is found in semi-arid regions of the world



TABLE 2.0(a)

Ares under some selected cropns in the triemlums 1967-70 and 1977-80
({Arez in hectares)

s.No. Crop Drought prone areas __ India Share of drcdght prone
Annual Annual areas in total area under
compound compound crop in the country
Growth Growth
rate rate
1967-70 1977-80 1967-70 1977-80 ‘ ¢967-70 1977-80
1. Bajra 8589306 1536201 -1.30 12451000 11025000 =1.22 £8.98 68.36
2. Jowar 11651789 11241154 -0.37 18586000 18279000 ~-1.29 6Z.69 68.564
3. Gram 2062442 236289¢ 1.36 7704000 7556000 ~-0.19 25.77 Z1.27
4., Ground .
nut 4709059 4784392 0.17 7287000 7409000 0.17 64,52 . 64,58
S. Cotton 5966606 5612975 -0.55 7768000 8037000 0.25 T76.81 59435

1%



T&BLE 2.0(()

Percentage shzre of <rought prone areas of states
in total area under come selected crove of drought

prone arezs (1377-80).
S.Noc. Crop Haryana Gujarat Maharash- Rajasthan Hadhya Karna- Anchra Tamil- Total
tra. Fradesh takea pracdesh nadu

1. Bajra 5.17 13.11 14.22 53.02 1.33 8.44 2407 1.94 100.00
2 Jowar 0.06 7.11 47.31 5.20 9.85 16,97 11.02 2.47 100.00
2. Gram 12.86 1.25 13.96 37.70 25.53 7T.18 1.456 C.08 100.00
4, Groun-

nut 0.00 40.17 12,81 4,20 el 2 12.086 ir.84 4,592 100.00
5. Cotton 0.02 26.65 36,15 1,53 10.28 17.71 4,7¢ 0.69 120.00

[
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with inferior and lighter types of soils".1 Bajra requires

waym weather, bright sunshine and lighter soil for its better
growth and output, Due to its low so0il moisture reguirement
and short duration (which normally does not exceed 70 days) this
crop can very well tolerate the adverse affects of droughts,
Hence, drought affected sandy and loamy soil lands of western
Rajasthan, western Haryana and Gujarat are ecoclogically suited

for bajra cultivation,

Spatial Variation in Area under Bajra

Bajra is a major crop in north western parts of drought
prone areas, This crop acquired 13,22 per cent of gross cropped
area in drought prone areas during 1977-80, In fact, 68,36 per
cent of bajra area of the country was concentrated in drought
prone areas, Area under this crop has declined both in drought
prone areas and country over the period 1967-70 to 1977-80.
However, share of drought prone éreas in area under bajra of
the country remains the same, More than 50 per cent of bajra
acreage of drought prone areas 1s concentrated in Rajasthan,
Drought prone districts of Rajasthan, Gujarat and Haryana account
for 71.3 per cent of bajra area of drought prone areas, Out
of 82 drought prone districts 15 had more than 25 per cent of

their total cropped area under bajra in 1967-70, These

1 J.R. Kakde, Agriculture Climatology, New Delhi, p, 349,




Table 2,1

Spatial Distributlion of Area under Béjra durins 1967=70

Nunber of Digtricts

Percentage of Mahara-

%égra area to Haryana Gujarat shtra Rajasthan ¥,P, A,P., Karnataka Tamilnadu Total
35,0 and above 1 1 - 9 - - - - 1
25,0~ 35,00 - 1 1 2 - - - - 4
15,0~ 25,0 1 5 5 2 - | - 1 - 14
5.0 - 15.0 - : 3 2 2 2 2 4 2 17
Below 5,0 - 2 7 4 1 L 7 1 36

Total 2 12 15 19 13 6 - 12 3 82
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districts are located in Rajasthan (11), Gujarat (2), Haryana
(1), and Maharashtra (1), Share of bajra in cultivated area

is high in western Rajasthan as 83.19, 77.7, 59.7, 55.2 and 44,3
per cent of total cultivated area was devoted to this crop in
Jaisalmer, Bammer, Jalore, Jodhpur and Jhunjhumu districts
respectively. 11 districts had more than 35 per cent of total
cultivated area under bajra as depicted in figure 2,1. 9 of
them spread over western Rajasthan and one each in Har§ana and
Cujarat, More than 15 per cent of gross cropped area was under
bajra in 29 districts which includes 13 districts of Rajasthan,
7 of Gujarat, 6 of Maharashtra and 2 districts of Haryana, Bajra
producing districts of Maharashtra which are spread over the
north western part of the state are Dhule, Ahmadnagar, Sangli
and Aurangabad,

During 1967-70, 36 districts had less than 5 per cent
of total cultivated area under bajra, 17 districts had even less
than 1,0 per cent of cultivated area under this crop, It is
an insignificant crop in most of drought prone districts of
Madhya Pradesh, Andhra Pradesh and Karnataka and, some districts
of eastern Maharashtra south eastern Gujarat and southern
Rajasthan, 17 districts had 5,0 to 15,0 per cent of total
cultivated area under bajra, which formed non-contiguous clusters

all over drought prone area,

The pattern has not significantly changed after one
decade, in 1977-80 as it is evident from table 2.2 and fig 2,1,

12 drought prone districts have more than one-fourth of



Table 2,2

Spatial Distribution of Area Under Bajra during 1977-80
Hlumber of Distrlcts

Percentage of Mahara-

%égra area to Haryana Gujarat shtra Rajasthan M,P, A.P, Xarnataka Tamilnadu Total
35.0 and above 2 - - 8 - - - R 10
25,0 - 35,0 - 1 - 1 - - i, _ o
15,0 - 25,0 - 3 3 3 - - 1 - 10
5.0 - 15,0 - 6 L 2 1 2 5 2 22
Below 5,0 - 2 8 5 12 4 6 1 | 3
Total 2 12 15 19 13 6 12 3 82
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cultivated land devoted to this crop, Barmer, Jaisalmer and
Jodhpur have more than 50 per cent of total cultivated land
under bajra, Apart from western Rajasthan, Bznasbantha in.
Gujarat and two districts of Haryana have more than one fourth
of cultivated land devoted to this crop, In all, 22 districts
have more than 15 per cent of total cultivated area under bajra,
largely spread over Rajasthan, Haryana and Gujarat. Three
districts of north-western Maharashtra and Bijapur district of

{arnataka also fall under this category.,

38 districts have little area i.e, less than 5 per cent
of gross cropped area under bajra., Bajra occupies less than 1,0
per cent share in total cultivated area of 19 districts. These
districts are mostly spread over Madhya Pradesh, eastern
Maharashtra, Andhra Pradesh, Karnataka and southern Rajasthan,
Twenty-two districts with 5 to 15 per cent of GCA under this
crop spread all over drought prone areas, particularly in south

eastern Gujarat, Karnataka, Tamilnadu and Maharashtra,

Comparison between tables 2,1 and 2,2 show decline in
proportion of bajra area over the period, late sixties to late
seventies, Share of Bajra in total cropped area has declined in
almost all states except Karnataka, where it has marginally
increased, and Andhra Pradesh, where it is almost constant,
Share of bajra area has even declined in western districts of
Rajasthan and major bajra produ¢ing districts of Gujarat and

Maharashtra, In Haryana, its share has significantly declined in
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Mahendergarh, however, it has increased in Bhiwani. But 1967-70
data for Bhiwani pertain to then Hissar district, of which
present Bhiwani district was a part, Hissar had high percentage
of irrigated area and cotton was main kharif crop, competing with
bajra, It has also declined in lMadhya Pradesh, where it was a
marginal crop except Bhind, Decline in share of area is evident
from the fact that during 1967-70 there were 29 districts

naving above 15 per cent of GCA under this crop. After a decade
only 22 districts have more than 15 per cent of their GCA devoted
to bajra, Bajra cultivation is concentrated in western
Rajasthan, Gujarat, western Haryana and parts of north-western

Maharashtra and north Madhya Pradesh,

Jowar

Agro-Climatic Conditions for Growth

Jowar forms staple food in semi-arid drought prone
tracts, particularly in rainshadow area of peninsular India, It
also occupies sigﬁificant place in cropping pattern of some parts
of drought affected Gujarat, Madhya Pradesh and Rajasthan, It is
a kharif crop in north, while is sown in both seasons, kharif
and rabi, in south, It is sown on soils with higher moisture
retention capacity in south Gujarat, Maharashtra, Andhra Pradesh,

Karnataka and Tamilnadu, during rabi season, North eastern
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monsoon showers and irrigation also add to soil moisture in
extreme south of the peninsula,

Jowar is a crop of hot and dry climate, however its
heat requirement varies for different varieties. It cannot
survive in less than 15 C and more than 41°C tonperature, 25°C
to 32°C temperature range is optimum for its cultivation, Soil
moisture requirement for different varieties also varies,
However, it can be sown in low rainfall areas having rainfall
up to 30 am, "The sorghum belt receives an anmual rainfall
ranging from 400 to 1000 mm per annum, usually distributed
between the last week of June and the first week.of October in
most parts of the country."2 Jowar is sovm on a variety of
soils, sandy loam, black and red, however, deep and medium black
soils are most suitable, Excess soil molsture and water logging
for a long period is undesirable for this crop. Moisture deficit
also adversely affects its growth and production, but it can
tolerate this strain up to some extent because of its drought
resistance nature, "It is known as a 'camel' in glant world
due to iﬁs high ability to produce fairly well under high
temperatures and low soil moisture conditions because of deep
root system and effective internal control on transpiration....
In addition to a few deep roots, the high drought resistance

ability of Jjowar is attributed also to lower transpiration rate

2 Handbook of Agricultures (1984), ICAR, New Delhi, p, 816,




Table 2.3

Spatial Distribution of Area under Jowar (1967-70)
Nunber of Districts

Percentage of Mahara-

é gzar area to Harvana Gujarat shtra Rajasthan M.P, A.P., EKarnataka Tamilnadu Total
35,0 and above - - 7 1 2 1 2 - 13
25,0 - 35.0 - - L | 2 L 4 4 - 18
15.0 - 25,00 - 6 4 1 b 1 3 2 21
5.0 - 15,0 - 5 - 5 3 - 1 1 15
Below 5=0 2 1 - 10 .._ - 2 - 15
Total 2 12 15 19 13 6 12 3 82

1S
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and waxy coating on leaves and stalk,"

Spatial Varieties in Jowar Area:

‘Jowar is an important crop of drought prone areas as
it occupied 19,82 per cent of GCA during 1977-80. 68,64 per cent
of Jjowar area in the country is confined to drought prone areas,
Area under this crop has declined both in drought prone areas
and the country over the period 1967-70 to 1977-80, however,
decline is rapid in the latter, Percentage share of drought
prone areas in the area under the crop in the country has
increased from 62,69 per cent in late sixties to 68,64 per cent
in late seventies, Drought affected districts of lMaharashtra
acquired 47,3 per cent of jowar area of drought prone areas,
Drought prone areas of Maharashtra, Karnataka and Andhra Pradesh
occupy 75.31 per cent of area under Jjowar of drought prone areas,
Maharashtra, south east Gujarat, south Rajasthan, south west
Madhya Pradesh, upland Andhra Pradesh, Karnataka plateau and

upland Tamilnadu are Jjowar growihg areas,

Jowar occupied more than 15 per cent of total cropped
area in 52 districts, as shown in table 2,3, during 1967-70.
All the 15'drought prone districts of Maharashtra, all the six
districts of Andhra Pradesh, 10 districts of Madhya Pradesh,

9 districts of Karnataka, two districts of Tamilnadu, 6 districts

3 Kakde (1985), op, cit,, pp. 332-3,



Table 2.4

Spatial Distribution of Area Under Jowar (1977-80)
Number of Districts

Percentage of

Jowar Area to Mahara-

ilaryana Gujarat shira Rajasthan i1,P, A,P, Karnataka Tamilnadu Total

GCA

35,0 and above - - 7 - - 1 - - 8
25,0 - 35,0 - - 7 - 3 L 2 - 16
15,0 - 25.0 - 1 1 3 5 - 7 2 19
5«0 - 15,0 - 9 - 2 5 1 1 1 19
Below 5,0 2 2 - 14 - - 2 ; 20
Total 2 12 15 19 13 6 12 3 82
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of Gujarat and 4 districts of Rajasthan fall under this category,
31.districts had more than one fourth of total cropped area
under Jowar, Most of them are located in peninsular India,

13 districts, particularly in Maharashtra, had devoted more

than 35 per cent of gross cropped area to this crop, It reveals
that Jjowar region of drought prone area is confined tc black

soil region of Maharashtra and Gujarat and red and laterite

solils of Madhya Pradesh, Andhra Pradesh, Karnataka and Tamilnadu,
Jowar occupied less than 15 per cent of gross cropped area in 30
drought prone districts, mainly in Rajasthan, Haryana, western
GuJarat, north western Madhya Pradesh and southern parts of
Karnataka, In 15 districts less than 5 per cent of GCA was under
this crob and seven districts of western Rajasthan had negligible

area (less than 1 per cent of GCA) under Jowar,

Table 2,4 and fig, 2,2 depict spatial variation in
jowar acreage during 1977-80. 43 districts have more than 15
per cent of gross cropped area occupied by Jjowar, These districts
are located in peninsular and central drought prone areas including
all the 15 districts of Maharashtra, 8 districts of ladhya
Pradesh, 9 districts of Karnataka, 5 districts of Andhra Pradesh
and 2 districts of Tamilnadu., In eight districts,of which 7 lie

in Maharashtra, Jowar occupied more than 35 per cent of GCA,

Thirty-nine districts, spread over Rajasthan, Gujarat,
Haryana, lMadhya Pradesh and Karnataka have less than 15 per cent

of cultivated area under this crop, It is not important crop in
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20 districts where it occupies less than 5 per cent of total
cropped area, Its average is almost negligible (less than 1
per cent of GCA) in 11 districts, most o7 whom are located in
raJasthan,

It is evident that Jjowar is a major food crop in drought
affected parts of south and central India, It is a fodder crop
in north parts of Rajasthan, Haryana and western Gujarat, Its

cultivation is almost negligible in western Rajasthan,

Comparison of table 2,3 and 2,4 depicts that share of
Jowar area in GCA has declined in almost all drought prone
districts, except those of Maharashtra and Andhra Pradesh where
it has increased and Tamilnadu where it is almost constant, 1In
Gujarat, except Brauch, share of Jowar acreage has declined in
all districts, During late sixties, six of the drought prone
districts in Gujarat had more than 15 per cent of GCA occupied
by jowar, The figure reduced to 1 after a decade, Jowar acreage
share has increased in all districts of Maharashtra, except
Akola where it has declinedvmarginally. In Andhra Pradesh also

share of jowar area has increased except in Anantpur,

Gram

Agro-Climatic Conditions for Growth

"Gram is the most important pulse crop accounting for

more than a third of the area and about 40 per cent of the
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production of pulses in this COuntry,ﬂh It is a rabi crop, sown
in the semi-~arid areas of western Ganga Plain, eastern Rajasthan,
lladhya Pradesh, Punjab and Haryana (in low to medium rainfall
areas), This crop utilizes retained soil moisture, however
showers due to 'western disturbances' and some irrigation in
Punjab and Haryana also add to soil moisture, Retained and
conserved soil moisture during south western monsoon season and

late monsoon's showers form base of its cultivation,

Being a crop of winter season, gram can tﬁlerate
minimum temperature up to 5 C, but frost is harmful, Optimum‘
temperature range for this crop is 15 to 30°C, Excessive rainfall
during the early stages of growth and flowering is harmful,

Sudden rise in temperature in early summer season harms the crop,
as it shortens growing period and cuickens maturity which
consegquently reduces yield, It is sown on a variety of soils as
alluvials in north western India and black, clay loam, and red
soils of central and south India, Lighter alluvial soils are,

however, suitable for gram,

Spatial Variations in Gram Area

Gram is not an important crop in drought prone areas,
as it acquired only 4,08 per cent of GCA in 1977-80. 1Its

cultivation is mainly confined to eastern Rajasthan, Madhya Pradesh

4 Handbook of Agriculture (1984), op, cit., p. 839,




Table

2¢5

Spatial Distribution of Area Under Gram (1967-70)

Number of Districts

Percentage of liahara-

géim area *to Haryana Gujarat shtra Rajasthan I,P, arnataka Tanilnadu Totgl
20,0 aﬂd above 2 - - 2 2 - - 6
15,0 - 20,0 - - - 1 - - - 1
10,0 - 15,0 - - - 3 1 1. - 5
5,0 - 10,0 - - - 2 5 - ~- 7
Below 5,0 - 12 15 11 5 11 3 63
Total 2 12 15 19 13 12 3 82

85



Table

2.6

Spatial Distribuation of Area under Gram

(1977-80)

Humber of Districts

Percentage of Mahara-

gézm area to Haryana Gujarat shtra Rajasthan . ¥,P, A,P, Karnataka Tamilnadu Total
20,0 and above 2 - - 1 2 - - - 5
15,00 - 20,00 - - - 1 1 - - - )
10,0 - 15,0 - - - 7 4 - 1 - 12
5,0 - 10,0 - - 1 4 4 - - - 9
Below 5,0 - 12 14 6 2 6 11 3 54
Total 2 12 15 19 13 6 12 3 82

85
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and western Haryana, Drought affected districts of these states
acquire 76,09 per cent of area under this crop in drought prone
areas, Gram occuples about two fifth of gross cropped area in
western Haryana. Drought prone areas acquired about one-third
(31,27 per cent) gram area of the country, Percentage share

of drought prone areas was less in late sixties (26,77 per cent).
Area under this crop in the country has declined (by -0.19 per
cent per annum) over the period 1967-70 to 1977-80, however, it
has increased in drought prone areas by 1,36 per cent per

annum,

During 1967-70, as table 2,5 depicts, twelve districts
had more than 10 per cent of gross cropped area occupied by gram,
Eleven of them are 1océted in drought prone areas of Rajasthan,
Haryana and Madhya Pradesh and one 1n Karnataka, Six districts,
two each in Haryana, Rajasthan and Madhya Pradesh, had more
than one-fifth of their total cronped area devoted to this crop.
Bhind, in Madhya Pradesh, has highest share of gram area in GCA
followed by Datia, 2hiwani, Bharatpur, Alwar and Maherdragarh,

70 districts had less than 10 per cent total cropped area under
this crop and 63 had even less than 5 p r cent. All districts of
Gujarat, Maharashtra, Andhra Pradesh, Tamilnadu and many districts
of western Rajasthan, Karnataka and Madhya Pradesh are included in
this marginal grém producing area, Thirty-five districts located
in south India and Gujarat had negligivle area (less than 1,0

per cent of GCA), under this crop,



TN T T L R
£ :
< 5 = ,
1..."\ ©
0 2 £ 3
<
Ll
Z
LI 1 Lo 1
£ S =) w =) o
w 5
Z - O < ¢ ' ' 1 3
m d o 3 o
w".” o [=] L P wn L
c - 7 ]
.ulu ] S _ !
O o s [
nUum
(o]
(0 el
(-
.m;../. o~
S .\/..lu
J 4 .|L/_
il Lo
i
rl.\b - \ \|
A v

gram

[

m

h
area under

Fig-2-3



62

After a decade (table 2,6 and fig, 2.3) 19 districts
nad more than 10 per cent of GCA occupied by gram., Nine of them
are located in Rajasthan, 7 in Madhya Pradesh and 2 in Haryana,
Seven districts have more than 15 per cent and 5 districts have
more than 20 per cent GCA under this crop, These districts are
spread over nortn western FHadhya Pradesh, eastern Rajasthan and
south western Haryana, Bhiwani district in Haryana has highest

share of gram area amongst drought prone districts.

63 districts have less than 10 per cent of GCA occupied
by gram, 54 of them have less than 5 per cent area under this
crop, 28 of these districts have negligible area (below 1 per
cent of total cropped area) under gran, In Gujarat, Maharashtra,
Andhra Pradesh, Karnataka, Tamilnadu, western Rajasthan and
eastern and southern Madhya Pradesh the area under gram 1is
insignificantly low,

Comparison of tables 2,5 and 2,6 shows that most drought
prone districts except some in western Madhya Pradesh, eastern
Rajasthan and south-western Haryana have not registered signi-
ficant growth in proportion of gram area in total cropped area,
Drought prone districts of Gujarat, Maharashtra, Andhra Pradesh,
Karnataka, Tamilnadu and western Rajasthan devote insignificant
area to gram cultivation and the same pattern persists during
both periods, 1967-70 to 1977-80. While in western Rajasthan
and Gujarat, inadequate south west monsoon rainfall is a handicap

in cultivation of this crop, high temperature and competition
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with Jowar and groundnut are major causes for having low area
under this crop in south India, Gram growing districts of

Ra jasthan, Madhya Pradesh and Haryana contime to have increase
in proportion of gram area in gross cropped area ., Number of
districts. having more than 10 per cent area under gram have
increased over the period 1967-70 to 1977-80, from 6 to 9 in
Rajasthan and 3 to 7 in Madhya Pradesh, Proportion of area under
this crop has increased in Bhiwani district of Haryana from

25,1 per cent to 35,5 per cent, But the availability of data
for Bhiﬁani for the years 1967-70 is cuestionable, Proportionate

increase of gram area 1s constant in Mahendergarh district,
Groundnut

Groundnut is an important commercial oilseed crop in
India, "India occupies the first position both in regards to
the area and the production in the world, About 7.5 million
hectares 1s put under it anmually and the production is about
6 million tonnes,,., Seventy per cent of the area and 75 per cent
of the production are concentrated in the four states of Gujarat,
Andhra Pradesh, Tamilnadu and Karnataka.... The irrigated area
forms about 6 per cent of total groundmut area in India."5
Semi~arid drought prone areas of India have occupied major
place in terms of acreage of groundnut, This crop depends
primarily on rainfall for moisture except parts of drought

affected areas of Tamilnadu and Karnataka,

5 Handbook of Agriculture (1984), op, cit., p. 924,




Agro-Climatic Conditions for Growth

Groundmut is a moderately moist and warm climate crop
and requires abundant sunshine, Its cultivation is nommally
concentrated between 30° and 45° N latitudes of the globe, Less
than 10°C temperature is not conducive for this crop. 22°C to
32°C temperature range is optimum for its growth and yield,
Normal duration of groundmut crop is 130 days, 500~700 mm raine
fall, which is fairly distributed is adequate, particularly for
quick ripening varieties, "The crop can be grown successfully
in places receiving a minimum rainfall of 500 mm, and a maximum
rainfall of 1,25 mm, The rainfall should be distributed well
during the flowering and pegging of the CrOp."6 Very high
temperature and low rainfall which lead to soil moisture deficit
are harmful for this crop as it is very sensitive to moisture
stress during flowering and maturity, "It is worst affected in
growth and yield by moisture sfress conditions during intensive

flowering for pegging and pod develOpment."7

Groundrut requires light clay, rich in calcium, and
well drained soils, Heavy and stiff clays are not suitable for
cultivation of this crop because they hamper pod development
and have poor drainage, Well drained sandy loam, loamy and

black soils give high yield of groundmut, These soils are

6 Handbook of Agriculture (1984), op, cit., p. 924,
7 Kakde (1985), Op, cit,, p. 341




spread over (ujarat, lMlaharashtra, Andhra Pradesh, Karnataka
and Tamilnadu, which are prominent groundnut growing areas of

India,

Spatial Variation in Groundnut Area

Groundrmut acquired 8,43 per cent of GCA in drought

prone areas in 1977-80, About two third (64,58 per cent) of
the area under groundmut in the country is concentrated in
drought prone areas, Drought prone districts of Gujarat,
Karnataka and Andhra Pradesh are major groundrmt sowing areas
of the region, These areas occupy 72.07 per cent of groundnut
area of the region, Drought prone area of Gujarat alone occupies
40,17 per cent of area under this crop in the region, Area under
this crop is constant, both in the country and drought prone
areas (increased marginally by 0,17 per cent per anmum), As
depicted in table 2,7, in late sixties twenty two drought
prone districts had more than 10 per cent of their gross cropped
area occupied by groundmut, Six of them are located in Gujarat,
Five of them had more than 40 per cent of GCA devoted to this
crop. In Junagarh, 53,4 per cent and in Rajkot 53,3 per cent

of the GCA was devoted to groundmut, The rema ining groundmnut

growing districts fall mainly in Tamilnadu, Karnataka, Andhra
Pradesh and Maharashtra, Nine districts belong to Gujarat,
Andhra Pradesh and Tamilnadu had more than 15 per cent area
under this crop, Seven districts of these states had more than

20 per cent of GCA under this crop,



Tanle 2,7

Spatial Distribution of Area Under Groundrut (1567-70)
humber of Digtricts

Percentage of

Vi am
Groundmat area Mahar

Haryana Gujarat shtra Rajasthan M,P, A.P. Karnataka Tamilnadu Total

to GCA

26.0 and above - 5 - - - 1 ; | 1 7
15.0 - 20,0 - 1 - - - 1 - - - 2
10.C - 15,0 - - 3 1 1 1 5 2‘ 13
5.0 - 10,0 - 2 4 1 6 - 6 - "19-
Below 5,0 2 4 8 17 6 3 1 | - 41

Total 2 12 15 19 13 6 12 82

Ol
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Sixty districts had below 10 per cent of total culti-
vated land under groundmnut, These include most of drought
affected districts of Rajasthan, Iiaharashtra, Madhya Pradesh,
Haryana and some districts of kKarnataka and Andhra Pradesh,
Forty-one districts had less than 5 per cent of their total
cropped area under this crop, Seventeen districts spread over
Rajasthan and Haryana had negligible area (less than one per
cent of total cropped area), Rest of the districts have

insignificant area under groundmt,

In 1977-80, as shown in Table 2,8 and fig, 2,4,
the pattern remains the same, During this period, 18 districts
spread over Gujarat, Andhra Pradesh, Tamilnadu and Karnataka,
have more than 10 per cent of total cropped area occupied by
groundnut, Eleven districts of these areas have more than
15 per cent of GCA under this crop, This pr oportion even
exceeds above 20 per cent in 7 districts, five of which are
located in Gujarat and one each in Andhra Pradesh and Tamilnadu,
Jamnagar, Rajkot, Amreli and Junagarh districts of Gujarat
have more than half of total cropped area occuplied by this
crop, In Jamnagar proportion of groundnut acreage in total

cropped area is 63,7 per cent,

Sixty-four district§ have less than 10 per cent of GCA
devoted to groundmut. In forty-two districts groundmut
acreage accounts for less than 5 per cent of GCA. The districts
with low acreage under groundmut are found in Rajasthan,
Haryana, Madhya Pradesh and some parts of Gujarat and Andhra



Table

2.8

Spatial Distribution of Area under Groundnut (1977-80)

I'umber of Districts

Percentage of
Groandmut area

lfahara-

to GCA Haryana Gujarat shtra Rajasthan IM,P, A.P, Karnataka Tamilnadu Total
20,0 and above - 5 - - - 1 - 1 7
15.0 - 20,0 - 1 - - - 1 1 1 4
10,0 - 15,0 - - 1 - - 1 4 1 7
5.0 - 10,0 - 2 3 4 7 - 6 - 22
Below 5.0 2 b 11 15 6 3 1 - 42

Total 2 12 15 19 13 6 12 3 82

)
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Pradesh, Twenty-two districts of Madhya Pradesh, Karnataka,

Maharashtra, Rajasthan and Gujarat have 5 to 10 per cent
cultivated area under this crop, 18 districts including 11
districts of Rajasthan, 2 districts each of Haryana, Madhya
Pradesh and Andhra Pradesh and 1 district of Gujarat, have
negligible groundmut acreage (less than 1 per cent of GCA),
These districts have either bajra or Jowar as dominating
crop in kharif season.

Comparison of Tables 2,7 and 2,8 depicts that its
proportion in GCA has increased in district of Gujarat and
iAndhra Pradesh and almost constant in most districts of
Tamilnadu and Karnataka, In the remaining states,proportion
of its acreage has rather declined in most of the drought prone

districts,
Cotton

Cotton is an important fibre crop of semi-arid and
sub-humid climatic regions of India, It is primarily a rain-
fed crop in Gujarat, Maharashtra, Madhya Pradesh, Andhra
Pradesh and Karnataka but in north west India and Tamilnadu
it is grown on irrigated tracts., "In nearly 75 per cent of the
area the cotton crop is entirely dependent on rainfall whereas
supplementary irrigation facilities exist in about 25 per

cent of the area."8

8 Handbook of Agriculture (1984), op, cit., p., 1021,
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Agro-Climatic Conditions for Growth

Cotton is a tropical and subtropical plant, which
successfully grows under low rainfall and medium to high
temperature, "Cotton is said to have been evolved as a desert
shrub, adapting to harsh and unpredictable envirorment, but

it is sensitive to temperature and soil water conditions."9

Cotton requires abundant sunshine, adequate moisture,
and fairly high temperature. Temperature below 160C is not
conducive for this crop, however, it can tolerate as low as
10°C temperature, Cotton cultivation requires a growing
season of 180 to 200 frost free days, Temperature range
27°C = 320C 1is optimum for its bLalanced growth and good yield,
Sunny and warm days, cool nights and least cloudiness are
favourable at the time of flowering and fruition, Cotton can
be grown in area receivihg rainfall between 50 an to 150 cm.
But 50 cm, to 65 cm.fairly distributed rainfall is suitable
for this crop, Soil moisture strains, high temperature and
excessive soil moisture cause ball shedding,

Cotton requires deep, well drained fertile soil, 1In
north India it is grown on alluvial soils while in south
and central India it is cultivated on black cotton soll and
red sandy loams, Excessive soil moisture and water lagging

is harmful for it,



Spatial Variations in Cotton Area

Drought prone areas acrquired more than two third
(69,85 per cent) of the areas under cotton in the couptry in
1977-80, This crop occupies 9.9 per cent of GCA in drought
prone areas, Cotton growing areas are, however, concentrated
in Maharashtra, Gujarat and Karnataka, 82,51 per ceqt of
area under cotton in drought prone areas is confined to these
areas, Area under cotton has declined in drought prone areas,
however, it his increased at a vefy low-rate (0.35 per cent
per anmum) in the country. Percentage share of drought prone
areas, in area under this crop has also declined from 76,81
per cent in 1967-70 to 69,85 per cent in 1977-80. It is a
rainfed crop in drought prone areas, Table 2,9 depicts that
during 1967-70 cotton had occupied above 10 per cent of total
cultivated area in 28 districts. These districts are located
in Maharashtra, Gujarat, Madhya Pradesh, Karnat;ka and Andhra
Pradesh, Seventeen districts had high cotton acreage,
accounting for more than 20 per cent of GCA, seven are located
in Maharashtra and five in Gujarat, Brauch in GuJjarat and
Amravati in Maharashtra had more than half of total cropped
area under this crop, Six districts of these two states had
more than 40 per cent of GCA occupied by cotton,

On the other hand 54 drought prone districts had less
than 10 per cent of GCA under cotton, Forty-three districts
had less than 5 per cent of GCA under this crop, These low



Table 2.9

3-atial Distribution of ..rea under Cotton (1967-70)

umber of Digtricts

Percentage of

Cotton area to aharasix

GCA Haryana Gujarat tra Rajasthan ¥,P., A P. farnataka Tanilnadu  Total
20,0 and abhove - 5 7 - 2 - 3 - 17

15,0 - 20,0 - - - - 1 - - - 1

10,0 - 15,0 1 1 2 - 5 2 _ 1 - 10

5.0 - 10,0 - 3 1 2 2 - 3 - 11

Below 5,0 1 3 5 17 5 4 5 3 L3




Table 3,0

Spatial Distribution of Area under Cotton (1977=-80)
ilo, of Jlstricts

Percentage of Mahara-
‘Cotton area to Haryana Gujarat shtra Rajasthan M,P, A,P, Harnataka Tamilnadu Total
G, C. A,

27.0 and above - 5 6 - 2 - 2 1 15

15,0 - 20,0 - 2 1 - - 1 1 - 5
10,0 - 15,0 - 1 1 ' - 1 1 1 - 5
5,0 - 10,0 - 2 1 1 5 - 3 - 12
Below 5,0 2 2 6 18 5 L 5 3 45
Total 2 12 15 19 | 13 6 12 3 82
f]



cotton acreage districts are chiefly located in Rajasthan, south
western lMaharashtra, north western liadhya Pradésh, some parts

of Karnataka plateau, western Andhra Fradesh, parts of Gujarat,
Haryana and Tamilnadu, Twenty-nine districts had negligible
cotton acreage (less than 1 per cent-of CCA), fifteen of them

are lying in Rajasthan,

In 1977-80 as depicted in table 3,0 and fiz, 2.5
the pattern remains more or less the same, Twenty five drought
prone districts, located in Maharashtra, Gujarat, Karnataka,
i’adhya Pradesh and Andhra Pradesh, have more than 10 per cent
of their gross cropped area occupied by cotton., Twenty districts
have more than 15 per cent of CGCA under this crop, Fifteen
districts, including six districts of eastern Marathwada and
Vidarbha in Maharashtra, 5 districts of Gujarat and two each
of Madhya Pradesh and Karnataka, have more than one-fifth of
gross cropped area occupied by cotton, In Surendernagar
digtrict of Gujarat, cotton occupied 53,7 per cent of gross
cropped area, Amravati and Yeotmal district of eastern
Maharashtra also have more than 40 per cent of total cropped
area under this crop.

Cotton occuples less than 10 per cent of GCA in

fifty-seven districts of drought affected areas., ‘mong them
forty-five districts have low cotton acreage (less than 5 per

cent of GCA). These low cotton acreage districts are spread

over Rajasthan, Haryana, south wes?t llaharasntra, north west
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tfadhya Pradesh, Tamilnadu, western Andhra Pradesh and parts of
Gujarat, Twenty five districts (most of which lie in Rajasthan)
have negligible areas (less than 1 per cent of GCA) under this }
crop, ‘

It is evident from the above discussion that cotton
is an important crop grown in drought prone areas of eastern
Maharashtra, Gujarat and some parts of Karnataka, Madhya Pradesh
and Andhra Pradesh, It is insignificant in most districts of
Rajasthan, Tamilnadu, Haryana, south west Maharashtra, north
west Madhya Pradesh and parts of Karnataka and western Andhra
Pradesh,

Comparison of tables 2,9 and 3,0 depict that proportion
of cotton area in GCA is almost constant, In Maharashtra its
share has declined in all districts, particularly in high
acreage districts. In Gujarat proportion of cotton area
declined in hiéh acreage districts and increased in low'acreage
districts. Similarly in remaining state also it has marginally
increased in some districts and decreased in others, Decline
in cotton area in Bhiwani district of Haryana can be attributed . |
to the fact that 1967-70 daéa pertains to Hissar district
(of which Bhiwani was a part). Most of cotton growing

areas have gone to Hissar after reorganization,

Summing Up

Five crops selected for study -- bajra, Jowar, gram, |

groundnut and cotton -- together occupy 55;52 per cent of total
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cropped area of drought prone areas, Importance of these crops
in the agriculture of drought prone areas can be imagined from
the fact that except gram about two third of the area under
remaining crops in the country is confined to this region
(drought prone areas), Area under bajra and Jjowar has declined
both in drought prone area and the country., However, decline
rate of Jowar area in drought prone area 1s very low, Cotton
area has declined in drought prone areaé, but has marginally
increased in the country, Area under groundnut is constant
both in drought prone areas and the country, Gram area has
increased at slow rate in drought prone areas, however, it has

decli ed in the country.

Jowar, which acquires about 20 per cent of gross
cropped area, is widely grown crop in drought prone areas among
the five crops selécted for study, It is a dominant crop in
the districts of llaharashtra, Madhya Pradesh, Andhra Pradesh,
Karnataka and Tamilnadu, Normmal anmual/in jowar belt ranges
between 50 and 99 an, and high moisture retention black soils
form base of its cultivation in rabi season, Twenty four
districts attribute more than 25 per cent of GCA to this crop.
Percentage share of Jjowar area has declined except Maharashtra

where it has increased and Karnataka where it is constant,

Bajra acquires about 13 per cent of GCA in drought
prone areas and ranks second in the five crops, Its

cultivation is confined to low rainfall and sandy areas of



north western Rajasthan, Gujarat, western Haryana and parts of
north western Maharashtra, Bajra cultivation is a monoculture
in western most Rajasthan, Normal anmial rainfall in bajra
sowing region remains below 50 cm., Percentage share of area
under bajra in GCA has declined in bajra growing areas,

however, it has increased in some districts of Karnataka,

Gram cultivation is concentrated in eastern Ra jasthan,
south west Haryana and north west Madhya Pradesh, ' Because of
so0il moisture deficit and high temperature, rest of the
parts of the drought affected areas do not provide congenial
enviromment for gram cultivation, This crop acquires more than
15 per cent of GCA in 19 districts. Share of area urder gram
in GCA has increased in western Haryana and western liadhya

Pradesh and is constant in eastern Rajasthan,

Groundnmut region consists of the districts of Gujarat,
Andhra Pradesh, Karnataka and Tamilnadu, Groundmit is a
dominant crop in most of the low rainfall districts of Gujarat,
Light clay well drained soils and moderate rainfall (50 an to
75 cm) form congenial enviromment for the cultivation of this
crop in Gujarat, Groundmut sowing region of south India has
éomparatively higher rainfall and, red and black soil,
However, acreage of this crop in this region is low as compared
to Gujarat, In Jamnagar, Rajkot, Amreti and Junagarh districts

of Gujarat more than 50 per cent of total cropped area is
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occupied by this crop, Share of area under +this crop in GCA

has also increased,

Cotton is an important crop in drought prone districts
of south central Gujarat, north east Maharashtra and adjoining
districts of Madhya Pradesh, and some districts of Xarnataka
and Andhra Pradesh, Except a smzll area where rainfall is very
low, drought prone area is potential area for cotton
cultivation, But its cultivation is éoncentrated in black
solil region of Maharashtra and Gujarat, Black scils are
suitable for cotton cultivation as they are fertile, well
drained and have high moisture retention capacity, Percentage
share of area under cotton in GCA has declined in major cotton

growing districts of Maharashtra and south Gujarat.



CHAPTER IIIX

SPATIAL VARIATIONS IN YIELD LEVELS AND GRCYTH RATE
OF BAJRA, JOWAR, GRAM, GROUNDNUT AND COTTON

Agriculture, which is a source of employment to
majority of §e0p1e ih India, is largely of intensive subsistence
type., Package technology, which was introduced in mid sixties,
ushered fhe era of ‘Gfeen Revolution' in Indian agriculture,
-The 'Green Revolution', however, could not succeed in bringing
about significant growth in dryland agriculture, Irrigation,
spearhead of green revolution, could not be made available to
drought prone areas, Cropping pattern of dryland remains
traditional, as droughtvresistant crops still dominate it, These
crops have to depend on erratic and insufficient monsoonic
rainfall for supply of moisture, Moreover, there has not been
significant breakthrough in seed technology of these crops,
which could enable them to yield more unaer existing physical
enviroment, Elements of physical enviromment, viz, climatic
factors and soils vary in space in vast drought affected region
of the country, It culminates into spatial variations in
cropping pattern and yield of crops, This chapter analyses
spatial pattern of variations in yield and growth of yield of
bajra, Jowar, gram, groundmnut and cotton in drought prone
areas,

During 1977-80, these five crops occupied 55,52 per

cent of gross cropped area of drought prone districts. Fooq‘
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Production ¢ soOme selscted crots for the trienniims 10587~
and 1¢77-8C

S.No. Crop Drought prone districte India Shzre of “rought ovrcne
Annual Annual ares in total vrofuction
compound ZCompounéd  of the country
growth growth
rate rzte

1967-70 1277-80 1¢567=-70 1¢77-80 19567=70 1877-80

1. Bajra 2547276 2412262 =(0.54 4218527 474075C - ~0.15 50685 5C.356

2. Jowar 6127218 8082551 Z.81 G85C580C 11722880 1.872 5% .28 28.54

3. Cram 1205457 149932¢5 1,2¢ 5213750 478248 -1.05 SRARE 21.25

4. Sround- z689%45 3753559 Z.:0 2151802 5245727 .04 SRR SRUPIEG
nut

5. Cotton 500324 763586 1.60 @3713C 1310031 3.46 L4020 57.58¢




TABLE 3,2

Yield levels of some selected crope and thier
growth rates

(Yield in kg/he.)
Drcught prone areas India
S.NOe. Crop Annual znnual
Compound Zowpound Growth
1967-70  1977-80 Growth 1057-70 167780 Rate
INGT U
1. Bajra 297 320 0.75 337 430 1.06
2. Jovar 526 719 3.17 530 720 2.1
3. Gram £33 635 0.03 5S¢0 633 -0.86
4, Groundnut 625 785 Z.14 707 843 1.77
5, Cotton 101 125 2415 126 163 P
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grains, Jowar and bajra are most important crops, aciuired
19.82 and 13,29 per cent of gross cropped area in 1977-80.
Cotton, groundnut and gram are respectively, third, fourth

and fifth ranking crops in the present study.

Bajra

Spatial Variation in Yield Level

BaJjra is an important cereal crop, particularly in
dry areas of north western India, During 1977-80, 63,36 per
cent of area under bajra of the country was concentrated in
drought prone areas, while its contribution in total bajra
production was 50,88 per cent, Yield level of bajra 1s low
in drought prone areas as compared to other bajra growing areas
of the country. As depicted in table 3,2 during 1977-80,
bajra yield in drought prone areas was 320 kg/hactare, as
compared to 430 kg/ha in the country, The difference in yield
between the national average and drought prone region has

increased from 90 kg. in 1967-70 to 110 kg in 1977-80,

As shown in fig., 3,1 and table 3,3, highest number of
drought affected districts have low yield of bajra, These
districts are spread, particularly, over Rajasthan, western
Haryana, south western Madhya Pradesh and western Maharashtra,
Yield of the crop is very low in western and north-western

Rajasthan, High yield districts are spread over Gujarat.



TABLE 3,3

Spatiasl Distribution of yield level and Area of bajra

Yield
(1977-80)
(Kg/ha)
(a) (2) (3) (4) (5) (6) (7)
. 35.0 & 25.00-3%5.0 15.0-25.0 5.0-15.0 Below 5.0 Total
above
80C and l.Bhavnagar l.Junagsrh l.vadedaras 3(5.17)
above | 2.amreli Z.Dharmnpuri
600-800 l1.Kutch l.Jamnagar l.Shivpuri ‘
2.Bellary 2.Rajkot 2Kolar 1 (13:58)
3.Raichur 3.ahmecdzbad
4,.,Bhind
5.83alem
6. Tiruchira-~
palli.
400~-600 l.Banaska- 1l.Dhule l.Sebar~ l.Brasuch
ntha 2.8haratpur K=nthe Z.Parbnani
2.Jalgaon 2. Nanded
3.Beed 4.,Csmarb=d
4.,Anantpur 5.Rulchansz
5.8icdar 6f.Akola
6.3ulberga 7.Ratlan
8.Ujjsin
9.Mandssur
10.Datis
11.Rajoaxrh

lZ2.8hajasour
13.Xurnool

14 .Hyclrabedc 27 (33.33)
15.Zhitradures
i6.Dharvar

17.Kolar

18. Tumkur

W



Table 3.3 (contd...)

(1) (2) (3) (4) (5) (6) (7)

200-400 l.8ikar l.aAhmednagar 1.S.Nasgar 1.Sholapur
2.S5atara 2.Aurangabad 2.Amravati
3.21wa 3.Ajmer 3.Yeotmal
4,S8.Madhopur 4.Mehboob- 4.Tonk
5.Bijapur nagar. 5.Indore 21(25.¢3)
5.Belgaunm 6.Dhar
7.Jhebus
8.East Nim=ar
S.Medak
10.Adilabad
Below - 1.Bhiwani l.Bikaner 1.8angli l.Banswvara
200 2.M.Garh 2. pali 2.Chittorgarh
3.Barmer * . 3.Dungarpur 8(%2.88)
4,Churu 4 .Kota
5.Jaisalmer 5.West Nimar
6.Jalore

7.Jhunjhunu
8.JoGhpur
S.Nagaur.

Total 10(12.35) 2(2.47) 12(14.81) 20{24.69) 37{45.68) 81.(100)
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Yield is high in some districts of Tamilnadu, Karnataika and
north eastern Madhya Pradesh too, Medium yield diétricts are
spread all over drought prone region, Bajra yield is highest
in Bhavnagar district of Gujarat (1538 kg/ha) and lowest in
Jaisalmer district of Rajasthan (62 kg/ha) followed by

Bikaner, Jhunjlhum and Churu districts of Rajasthan,

It is evident from table 3,3 that eleven out of
twelve districts where bajra acquires more than one fourth of
total cropped area, have low yileld of bajra, These districts
are located in Rajasthan and western Haryana., Medium acreage
districts have very high to low yield level. Drought prone
.districts of Rajasthan account for 31,56 per cent of bajra
acreage of drought prone region but it contributes 27,26 per
cent of crop production of the region, Average bajra yield
of drought prone districts of Rajasthan (300 kg/ha) is 20 kg
less than the average of drought pfone region, On the other
hand, average bajra yield of drought prone districts of Gujarat
is 805 kg/ha, 12,89 per cent of bajra acreage of drought prone
areas is concentrated in Gujarat and it contributes 32.97 per

cent of production of drought affected region,

Growth of Yield

Production of bajra in the country has declined by
0.16 per cent anmially over the period 1967-70 to 1977-80,
Decline rate has been rapid in drought prone area, -0,54

per cent, However, bajra yield,both in drought prone area



Table 3.4

Spatial Distribution c¢f yiels level of bajra
and its grouwth rate
Yield Annual Compound Growth Rate of yield (1¢67-70 to 1$77-80)
1067-70
(Kg/ha)lo,o 6.0-10.0 3.0-56.0 0.0-3.0 -3.0-0.0 Above =-3.0 Total
and
© 7
(1) v, (3 (4) (5) (6) (7) (e)
(2) -
500 and _ l1.Sabarkanta 1 (1.23)
zhove
600-800 1.Bhavna- l.vado- 1.Ahnedabad 5(11.11)
gar. dara 2.Brauch
2.Amreli 2.5alem 3.Bhind
3.Jana- 3. Tiru-
garh. chireps-
114,
400-600 le.Rzjkot 1.Jzmna- l.Charatour l1.8hivani 1C (23=4%
Z.Dhule Jar. ZeS.Macdhopur 2.7Trcors
3.Rej~- Z2.Banzst- 3.Kurnooi Z.EzstlNima
garh antha
4.Anant-  3.Ujjeain
pur 4. Mancdsaur
5.Dharme~ S5.Shivp-
puri uri
Hhe.Datie

7.Shajepur

g8 .Bidar.
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and country as a whole, has not declined, It has improved
narginally (0.75 per cent per anmum) in drought prone area and
(1.06 per cent per anrmum) in country as a whole, Yield has
increased from 387 to 430 kg/ha in the country and 297 to

320 ¥g/ha in the drought prone areas., Because of sluggish
crowth in yield and falling acreage, bajra production has
declined both at national and rersional level. t may be noted
that acreage and production of this crop have declined rapidly
in drcught affected regions which still remain a major producing

region of bajra in the country,

Fig, 3.2 and table 3,4 depict spatial variation in
growth rate of bajra yield, It is evident that twenty three
districts have registered decline in yield, Decline in yield
in eastern and north eastern Rajasthan and western IHaryana, is
a cause of concern, Yield has also declined in some districts
of eastern Gujarat and south western lladhya Pradesh but it has
witnessed high growth rate in western Rajasthan and western
Gujarat, Because of severe drought, bajra yield was very low
in western Rajasthan in 1967-70, it has increased at an anmal
compound growth rate of 20,0 per cent, In Gujarat, however,
yield level was high in 1967-70, Most of the moderate growth
rate districts ares apread over eastern Maharashtra, Karnataka
plateau and Andhra Pradesh, Most of the districts with low
growth rate are also spread over drought prone arens of

peninsular plateau and lMadhya Pradesh,
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Table 3,4 depicts the relationship between yield
levels during 1967-70 and growth rate of yield over the period
1967-70 to 1977-80. t is evident that except some districts
of Gujarat, bajra yleld has either declined or increased
marginally in high yield districts, Yield has increased at
low to mediun zrowth rate in most of low yield districts., It
has declined in some low yield districts of eastern Rajasthan,
ajority of medium yield districts have registered low to

medium growth in bajra yield,.
Jowar

Spatial Variation in Yield

Jowar is an important crop in drought prone areas
as 1t accounted for 19,82 per cent of gross croppad area during
1977-80. 68,64 per cent of Jowar acreage of the country is
concentrated in drought prone areas and the region contributes
68, 54 per cent of Jowar production of the country. Despite
the fact that Jjowar acreage has declined, both in drought
prone areas and country as a whole, its production has
increased marginally., Growth rate of production is higher in
drought prone area (2,81 per cent) in comparison to country
as a whole (1,82 per cent). Moderate increase in yield, both
in drought prone area (3,17 per cent) and country as a whole
(3.11 per cent) is responsible for whatsoever increase in

crop production, Yield level of Jjowar in drought prone areas



TABLE 3.5

Spatiasl distributicn of yield level and ares of jowar
Yield Acreage (Percentage of Crop area tc oLk) 1977-80 m_
(1277-80)
(Kg/ha)
(1) (2) (3) 4) (5) (6) (7)
35.0 & zbove 25.0-35.0 15.C~-25.0 5.C=15.0 Below 5.0 Toteal
B00 and l.Satera l1.Jalgzon l.Belgeun l.Banasksantah l.Junggarh
above 2.Sangli Z.3ulahana 2.Bellary 2.vVadodarsa 2.0jjain
3.2z2ed 3.Akols J.Bidar 3. Tumkur 3.3hind
4.1Rancded 4, dmravati 4.,Chitradurga 4.Dharmanuri 4.5hajanur 25(31.71)
5.0smankac 5.Yeotmal 5.Dharwar 5.8Ban ;lore
6.lMysore H.Koler
600~-800 l.2urangakbad l.Brauch l.Chuttorgarh 1l.Szkorkaatha
2. Parbhani 2.Dhule 2.Incore
3.¥urnoocl . East limar 3.Anantpur o
4. Hydrabad 4.Dstia 16.(12.53)
5.Medak 5. Raichur
£.Gulbergs ZeTiruchirapaslli
400-500 1l.Ahwecnagar l.Rajgarh l.Kocta 1.Rajkot l.Banswara
2.Adilahac 2.Mehpboobnagar Z.Mmaudsaur 2.8mrell ZeDUNIIIUUr
3.Bijapur 3eWest MNimar 3.Ku ch . 18(21.95)
4,5hivouri 4Ratlam
5.8alen 5.Dhar
5.Jhabua
200-400 l1.Shclapur 1, Jamnagar l1.Alwar
2.Bhavnagsar 2.Bikaner
3.2hmedabhad 3.Churu 11(12.41)
4,8.Madhopur 4,Jaicalrer
5.Jochpur
6.8ikar
Below 200 l.Ajmer 1.S.Nagar 1.Bhiwani
2. Tonk 2.MsGarh
3.Barmer 11{(13.41)
4.Bharatrur
é.Jalo;e e
6.Jhanjhuna 2
7.Nagaur
B.Pali
Total 8.(9.76) 14(17.07) 19(23.17) 18(21.95) 23(28.05) 82(100.,00)
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is almost equal to that of country as a whole (719 and 720

ts/ha respectively).

As it is evident from fig 3.3 and table 3,5 that
highest numbers of drought affected districts have high
yield level of Jowar, These high yield districts are mostly
spread over drought affected areas of Maharashtra, Karnataka,
Andhra Pradesh and Tamilnadu, Drought prone districts of
Maharashtra élone account for 53,25 per cent of jowar
production of drought prone area, Per hectare yield of the
crop in drought affected Maharashtra is 805 g/ha, Drought
prone areas of Maharashtra, Karnataka, Andhra Pradesh and
Tamilnadu accounted for 84,17 per cent of Jowar production
of drought prone area as a whole, Low yield districts are
spread over Rajasthan and western Haryana., Jowar is not an
.important crop in this part of arought prone area, It is a
fodder crop, harvested before ripening stage to feed the
cattles, Medium yield districts are concentrated in western
Madhya Pradesh and Gujarat, Yield level of 30 digtricts which
are located in peninsular parts of drought prone region, is
above the average yield in the country as well as in drought

prone areas,

Growth Rate of Yield

Jowar yield has increased in drought prone areas,
except that of Haryana and Madhya Pradesh., Yield has increased

sharply in Gujarat (6,92 per cent per anmum). In Maharashtra



Table 3.6
patial Distribution of Yield level of jowar and its growth rate

Yield Annuzl compound Growth Rate =Ff yield (1%67-70 to 1977-80)
(1967-70)

(Kg/ha) _

(1) (2) (3

) (5)
10.0 & zcbove 6.0-10.0

G 010-3.(3

—-—

1 ~

5) (7) (8)

OO—OQG :"\bO‘v’“ "'3.0 'I\f.\tal

RLUS N
LN

o«
{

[L8)}

L ]

)

800 and leChitradurae l.vncdolers
cbove 2.Dharvar 2.Ujjain 9(11.11)
3.¥olar 3.8hind
4,Dharcenuri 4.5hajzsur
5.Banglors
600-800 l.Jalgaon l.8ctara l.5angli l.Ratlam
ZJAmrsvati 2.MNended z.hkola Z.Mest MNiwar 18(22.22)
3.Balcdhana 3.Indore J.E.Nimer
4.Bellary 4,Datia 4.,Rajgarn
S5.Mysore 5.Tdruchira~ 5. Tumkur
valli 6.5zlem
400-600 .Juinagsrh l.Dhule l.Brauch l.Kota
z.2idar’ Z.Auranaabad Z.Jhabuz 2.Manczauvr
i.7archani .riedak 3.Dhar
LoPeedd 4 noot 4eShnivrurid SA(20.FZ)
5.Csmwanb ¢ 5.A01 0=
He Yoctrnal . 2pur
7.Zhittorgerh 7 lzzrgs
£.Kurncol 8. chur
G Hydrabad
' 10.8clgaum.
Z200-400 1.Baneska- l.Amrell l.ahmecnacar l.Sholasur l.5.Macdhopur
nthae. Z.DUngarpur 2.Aalwar 2. Tonk
' 3.Banswara 11(13.5¢)
4,8ikar
5.Anantour
Below 200 1l.Rrajkot l.Jamnaqgar l.8.MNager le3heratrur 1.2hivani loajrer 16(23.45)
2.¥utch 2.3havns 2ar Z.Ahmedcbs? 2.M.Grh 2. Jhuniaunu
SeBivcner 3.3arcer 3.J0cdisalmer
4.Churu 4, zlore QD
5.Joc¢hur g
6. Negaur
7.72li
Loval: g(C.L8) 10(12.35) 27(33.33) 15(18.52) 19(23.46) 2{2.,47) £1(100.00)
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and Andhra Pradesn yield showed a moderate growth rate, above
3.0 per cent per anmun, In arnataka it was rather low
(2.68 per cent per anmum), It is evident from fig., 3.4 and
table 3,6 that most districts of western Rajasthan and Gujarat
have experienced high growth in Jjowar yield, VYield level of
these districts is, however, very low. Most of thne districts
of Maharasntra, Xarnataka, Andhra Pradesh and Tamilnadu have
registered moderate growth rate, 3Some districts of north
llarnataka, Andhra Pradesh and Maharasitra have increased yield
at low growth rate, Yield has declined in most of the drought
affected districts of Madhya Pradesh, eastern Rajasthan and
western larvana,

Table 3.6 shows relationship between yield level in
1967-70 and its growth rate over the decade 1567-70 to 1977-80,
The growth rate of yield is gensrally high in low yield
districts, Out of 18 high growth rate districts, 14 had low
yvield in 1967-70., On the other hand, out of 21 districts
where yield has declined, 11 had high yield anﬁ 4 had medium
yield in 1967-70, It is evident from fig, 3.4 also that
growth rate of yield is high in low yield districts (Gujarat
and western Rajasthan) and low to moderate in high yield
districts (drought affected districts of peninsular

India),



Gram

Spatial Variation in Yield

Gram is a 'rabi' pulse crop, sown with the help of
conserved soil moisture, Because of moisture deficit even
during south west monsoon season, large parts of drought
prone areas do not provide congenial envirorment for the
growth of this crop., Yet it is sowm in comparatively high
rainfall regions of drought affected area, north west India,
i,e. eastern Rajasthan, north west Madhya Pradesh and western
Haryana, Drought prone areas accounted for 31.27 per cent of
area and 31,35 per cent of production of gram in India during
1977-80. Both area and yield of gram have declined in India
over the period 1967=70 to 1977-80. Yield has declined from
690 kg/ha to 633 kg/ha, registering a decline rate of 0,86 per
‘cent per annum, Consequently gram production in the country
has gone down by.-1,05 per cent per anrmmum, But in drought
prone areas, yield is stagnant (635 !g/ha) and acreage has
increased marginally (1,37 per cent per annum). Hence, gram
production has registered a very low growth rate (1.39 per
cent per annuﬁ).

It is evident from fig, 3,5 and table 3,7 that
high yield districts are concentrated, particularly in eastern
Rajasthan, north west Madhya Pradesh and south western-Haryana.
Highest number of districts (46) have medium yield, Medium

yield districts are spread almost all over drought prone areas,



TABLE 3,7

Spatial distribution of yield level ané area cf gram
rield -
(1977-80) -
(Kg/ha)

(1) (2) (3) (4) (5) (8) (7)
20.0 and 15.0-20.0 10.0-15.0 5.0~10.0 Below 5.0 Total
above

00and l.Bhiwani l.Bharatpur l.JBunjhunu 1l.Ajmer 8(9.76)
Ebove. 2.M.Garh 2.S.Madhopur 2,.Sikar
3.Alwar
=800 l.Bhind l.Banswara l1.Pali l.Barmer
2.Dungarpur 2.Shsjapur 2.Bikaner 9(10.98)
3.Xota 3.Tiruchiranalli
|400-600 l.Datia l.Chittargarh 1.Jhabua 1.Jamnagar

1. Indore

2.Shivpuri
3.Rajgarh

2. Tonk

3. Ratlam
4,Ujjain
5.Mandsaur
6.Dhar
7.Bidar

2.Rajkot
3.8.Nzgar.
4.Bhavnaqgar
5.Amreli
f.Junagarh:
7.Kuatch
8.Banaskantha
S.Sabarkantha
10.Ahmecakad
ll.Vadacdara
12.Brauch
13.Dhula

14, Jalgzon
15.Ahmednagar
16.Sangli
17.Jaisalmer
18.Jalore
19.Joc¢hnur
20. Nagaur
21.,W.Nimar
22.,E.Nimar
23.¥urnool

24 ,Hydrabac.

45(56.10)
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Table 3.7

(1)

Cor].t(:?'X * e @

(2)

(3)

(4)

(5)

(7)

400-5C0

200-400

Below 200

-
S L

5(6.10)

2(2.44)

|-

~)

v[a

.63)

1.0smanbea

Z.Churu

10.¢28)

a

. 1Z.1eht

2¢.Kolar
30.Mysore

Jl kRaichur
32. Tumkur
33.38alem
34.Dhama=uri.

l.Sats rf"
Z2.Sholapur
3.3urang=nad
4,Fzroheni
5.3eed
6.Nandec

7. Buldhana
8.:‘\5\ulc

., Yectnal
1C.Anzrntrur

11.Medak
N

£

13.a2811lz
14.513g ur
15.Dharvzr
15, Gulbaracz

[

(1.22)

82(1C0.00)

201
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concentrated in Cujarat, south western iladhya Pradesh,
Harnataka and Tamilnadu, Medium yvield districts are concentrated
in Gujarat, south western Madhya Pradesh, Xarnataka and
Tamilnadu, Low yileld districts are concentrated in lMaharashtra
and Xarnataka plateau, Drought prone districts of Rajasthan,
Haryana and lMadhya Pradesh acccunt for 85,43 per cent of gram
production in drought prone areas, RaJjasthan alone contritmted

46,81 per cent of gram production of drought prone areas,

Growth Rate of Yield

As mentioned earlier, grem yield in drought prone
areas remains stagnant over the period 1967-70 to 1977-80,
Except Haryana and Gujarat, yield has increased in all other
drought prone regions, HoweVer, its growth rate is very low
in Madhya Pradesh, RaJjasthan, Karnataka and Tamilnadu., It
has increased by more than 4 per cent in Andhra Pradesh and
by more than 2 per cent in Maharashtra, Annual compound
growth rate of gram yield in drought prone areas is meagre,
0.03 per cent,

As shown in fig, 3,6 and table 3,8 only two
districts (Jhunjhurmu and Ajner in Rajasthan) have registered
high growth rate of yield, Growth rate is moderate in ten
districts and eight of them are located in Maharashtra and

Andhra Pradesh, MaJor parts of drought prone areas in




Spatisl distribution of yield level of gram and its growth .rate

TABLE 3.8

Yield
(1967-7)
Xg/ha
(1) (2) (3) (4) (5) {6) (7) (8) .
10.0 & above £.0=-10.0 3.0-6.0 0.0-3.0 -3.0-0.0 2bove =32, 0 Togal
800 and l.Alwar l.Bharsest 1.Bhiwani l1.Kutch 5(5.10
above pur 2.M.Garh
600-800 l.Dungarpur l.2amreli l.Jesisalmer
‘ 2.S8.Madhopur 2,Barmer
3.Bikaner
4,Jalore
5.Jodhpur 12(14.63)
6.Nagaur
7.Pali
£.,Bhind
400-600 l1.Jhunj- l.Kota I.Jzmneger l.Rajkot
hunu Z.Junagarh 2.5.Nagar
3.Vadodara 3.Bhavnagar
4.Brasuch 4 ., Banaskanths
5.Banswarsa 5.5ekarkantha
6., Tonk 6. Ahmedabad
7.Indore 7.Chittorgarh
8.Mandsaur 8.Ratlam
9.Dhar 9.Ujjein
10.Jhabua 10.WeNimar 40(48.78)
11.Datea 11.E.Nimar
12.Shajapur 1Z2.8hivpuri
13.Banglore 13.Rajgarh
14.Belgaum 14 .Chitradurss
15.Bellary 15.ulberga
l16.Bidar 16 .Kelar
17.Sslem 17.Mysore
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Table 3.8 contdese
(1) (2) (3) (4) (5) (6) (7) (8)

18.DPharmapuri 18.Reicdhur
16. Tiruchira~ 1¢.Tumkur

valli
200-400 l.2jmer l.Jalgson 1.bhule l.Nancded l.Aamravati
2.2hmednagarZ.Satarsas 2.28%k0le .
3.kurangabac3,.8angli 3.Churu
4,.0smanbad 4.Salcpur
5. Kurnocol 5.Parbhani
6.Anantpur- 6.Beed 25(30.49)

7.Hyderabad 7.Bulchana
B8.Acdilabad 8.Yeotmal
9, Medak
10.Mehboobnagar
l11.Bijapur
l2.Dharwar

| Below 200 S ‘ 0(0.00C)

(€%}
—
(o8
*
[0)
[9)}
~

Total 1(1.22) 1(1.22) 10(12.20) -35(42.68) 32(32.02) 82(100.00)

901
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peninsular India, eastern RaJasthan and west lladhya Pradesh
have registered low growth rate of yield, VYield has rather
declined in vast areas of Rajasthan, south west'Haryana,

Gujarat, Madhya Pradesh and some parts of south India,

Table 3,8 shows relationship between gram yield
levels in 1967-70 and its growth rate over the period 1967-70
to 1977-80. Yield has either declined or increased marginally
in high yield districts of drought prone areas, Out of 17
high yield districts, it has declined in twelve and increased
in four., On the other hand, if has increased in twenty-one
out of twenty-five low yield districts, fhrough growth rate

hzs been low in twelve districts,

Groundnut

Spatial Variation in Yield

Groundnut is an industrial crop of drought affected
area of India, These areas accounted for 64,58 per cent of
acreage and 60,10 per cent of production of groundrut in the
country during 1977-80., Groundmut production in the country
has increased at a slow rate (1,94 per cent) over the period
1967-70 to 1977-80., While the acreage is almost stagnant,
vield has increased at an annual growth rate of 1,77 per cent,
Hence increase in groundmt production is attributed mainly to

increase in yield, Though, the growth rate of production  is




TA3LE 3.9

Spatial Distribution of yield level and ares_of groundnut

Yield Acreage (Percentage of Crop area to GCA) 1¢77-80

(1977-80)

(Kg/ha)

(1) - (2) (3) (4) (5) (6) (7)
20.0 and 15.0-20.0 10.0-~15.0 5.0-10.0 Below 5.0 Total
above.

1000 and 1l.Bhavnagar 1.Dharmapuri 1l.Tiruchirs-l.Bellary 1.M.Garh 10(12.50)

Bbove 2.Junagarh palli Z.Chitradurga 2.Banglore
3.5alem 3.Mysore.

800-1000 1l.Amreli l.Kolar 1. Tumkur l1.Kutch 1.Hvdrabad 6(7.5)
2.Anantpur

£00~-800 1.Jamnagar 1l.Kurnodi l.Mehboobnazgar 1.8.Nagar l.Be2naskanths
2.Rajkot Z2.Belgaum Zz.Jalgzon Z.Vadodara

3. Raichur 3.8atara 3.Brauch
4,.,Sa2ngli 4.,Ahmednaqgar
5.Chittorgarh 5.Sholanur
S.S8hajapur. 5.Parbhani
7.2eed
S.Aamravati
S.Barmer
10.0alore
11.4Yjjain
12.83hind 27 (33.75)

400-600

i1.8abarkan-
tha.

l.Dhule
Z.Dherwar

1.S.Machopur
z.Tonk
J.HBandsaur

4 ,Dharwar

13.Shiveouri
14.Datia
15.Medak.
l1.Ahmelabac
2.Aurangcbad
3.Nanded
4, Osmanbead

D))

601



Table 3.9 contd..

(1) (2) (3) (4) (5) (5) (7)
5.We Nimar 5.Akcla
6e.E.Nimar SeYeotmal
7.Rajgarh 7.Alviar
8.RBidar B.Banswara
¢.Bijapur 9.Bharatcur
10.Gulberga 10.Zhuru
11l.Dungarwnur
12.Jhunjhuna 33(41.25)
13.J0chpur
14.¥Xota
15.Nagaur
15.Pali
17.8ikar
18, Indore
18.Ratlanm
20.2Acd1ilabad
Below 400 1.Ajmex 1.Buldhana £(5.00)
2.Jhabhua Z2.8ikaner
Total 7(8.75%) 4{5.00) 7(8.75) 22(27.50) 40(50.00) 80(100.00)
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low in drought prone areas (2,30 per cent per annum) but it is
higher than that of the country, Acreage is almost stagnant
(0.16 per cent per anmm), Incrzase in yield (2,14 per cent
per anmum) is mainly responsible for increase in production

of groundnut in drought affected areas.

Desoite the fact that growth rate of yield in drought
prone areas is higher than that of country as a whole, its
yield level was 58 Ig less than the yield lev el of country
during 1977-80, 'Drought prone areas and covntry have 785 kg/ha
and 843 ig/ha respectively groundnut yield during 1977-80, But
groundnut yield is more than that of country as a whole in
drought affected areas of Gujarat and Tamilnadu, Average ylcld
in Tamilnadu and Gujarat is 1167 and 896 ig/ha respectively,
Drought prone areas of Gujarat accounted for 45,89 per cent
of groundnut production in drought prone areas, Drought prone
areas of Gujarat, Andhra Pradesh, Karnataka and Tamilnadu
account for 82,80 per cent of groundmit production of drought
affected areas,

Fig, 3.7 and table 3,9 show spatial variations in
yield levels of groundmut, It is evident that maximum rnumbers
of drought affected districts have low yield level, Low yield
districts are concentrated in Rajasthan, westérn lladhya Pradesh,

eagstern Maharashtra and north eastern Karnataka, High yield



Table

3.10

— Spatial distribution of vield level of groundnut and its agrowth rate
Yield
(1967-70)
(Kg/ha)
(1) (2) (3) (4) (5) (6) (7) (8)
10.0 & above 6.0-10 3.0-5.0 0.0-3.0 -3.0-0.0 Above -3.0 Total
|
000 and l.8atra 1{1.35)
bove
buu=100 1.Bellary l.Junagearh l.Parbhani l.Raichur gL10:81)
2.8alem 2.Mysore Z.Kolar
3.Dharmapuri
00-800 1.Chitradurga 1.Banglcor: l.Kutch l.S8sbarkantha 1l.Nanded
2. Tumkur 2.5 nagli Z.Dhule 2.8.Madhovpur
3. Tiruchirapeslli. 3.Jalgaon 3.Mandsaur
J.Amravati 4,8Beed 4,Bic=ar
4 ,E.Nimar 5 .Csmanbad
5.Kurnococl 6.2ko0la
f.Anantpur 7.Yectmal
7.Medsak 8.2lwar 33(44.59)
2.,Chittoryarh
10.Kota
ll.Ratlea..
12.vjjein
13.Dhar
l4.vestninay
15.80hivouri
16.Rajg=rh
17.5hajapur
18.acilabaa.
100-500 l.Jamnagar 1.3enaska- 1.Bulcdhana 1.Jhzb a&

Ze Rejkot
3.Bhavnacar
4,Anreli
5.Ahmednagar
6.,Banswara
7.Dungarpur
8.Hydrabkad

ntha
Z.Ahwnelebad
3.vadodara
4,B8rauch
5.S8halapur

6.Aurangebad
7.lehboobnagar

8. Belqcum
;.\JUlb‘DI

2 Indore
ij~wur

22(29.73)

g1l



Table 3.10 contdéd..

(1) (2) (3) (4) () (6) (7) (8)
Below 400 1l.Jhunjhuna 1l.Bharatpur 1l.S.Ragar l.Ajmer |
2. Jodhpur 2.Jalore 2. Tonk
3. Pali 3.Nagaur
4.Sikar
Total 3(4.05) 5(6.76) 16(21.62) 19(25.68) 24(22.43) 7(c.46) 74 (100.00)

24!
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districts are less in mumbers (16) and are spread over drought
affected south western Gujarat, Tanilnadu, Anthra Pradesh and
south Karnataka, Medium yield districts are spread all over
India, particularly in western Maharashtra, Andhra Pradesh and

Karnataka,

Growth Rate of Yield

As mentioned earlier, groundhut yield in drought
prone areas has increased at an anmal compound growth rate of
2.14 per cent, Looking at its spatial breakup, yield has
increased in drought affected areas of Gujarat, Tamilnadu,
Karnataka and Andhra Pradesh and has declined in rest df.
drought affected areas, Some districts of Rajasthan, Madhya
Pradesh and Haryana have very large growth rate of yield, This
is because of the fact that groundrut production in these
areas was absent during 9ar1ier period, 1967-70. It is
evident from fig, 3.8 and 3,10 that Chitradurga district
of Karnataka and some districts of Rajasthan have registered
high growth rate of groundmut yield, Maximum number of
districts (31), particularly spread over Maharashtra and
IMMadhya Pradesh, have registered decline in yield, Yield level
is also low in'most of these districts, Most of the drought
affected disgstricts of Gujarat, Tamilnadu and south Karnataka
have experienced moderate growth in groundmut yield, Low
growth>rate districts are stretched over Andhra Pradesh, north

Karnataka, Gujarat and Maharashtra,
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It is evident from table 3,10 that out of eight high
growth rate districts, seven had very low yield level during
1967-70., These low yield districts are concentrated in
Ra jasthan, Similarly out of 18 moderate growth rate districts,
ten had low yield level, On the other hand, out of thirty-
one districts where yield has declined, four had high and
twenty-two had medium yield ievel. This implies that groundnut
vield has increased in most of the districts where yield

level was low during 1967-70,
Cotton

Spatial Variation in Yield Level

Cotton is an important industrial crop of drought
affected areas of India, During 1977-80, drought affected
areas accounted for 69,85 per cent of acreage and 53,69 per
cent of production of cotton in the country. The yield level
are comparatively low in these areas, Yield in drought
affected areas was 125 k/ha during 1977-80, which was 38 kg less
than the average for the country, However, cotton yield of
drought prone areas of Gujarat, Haryana and Tamilnadu is
higher than average yield of the country. Average yield of
cotton in drought affected areas of Haryana and Tamilnadu is
263 and 262 ig/ha respectively. On the other hand, yield is

less than average yield of drought affected areas as a whole,



TABLE 3,11

Spatial distribution of yield level anéd area of cotton

Yield

(1977-80)

(Kg/ha)

(1) (2)

! 20.0 & above

(3)
15.,0-20.0

(4)

10.0-15.0

(5)
5-0'—1000

(6) (7)
Below 5.0 Total

250 &
above.

1. Raichur

200-250

1.S.Nagar
2.S8abarkantha
3.vVadodara
4 ,Buldhana

1l.Rajkot

l.Kutch

l.Bhavnager

l.Anreli
2.Junagarah
J.Gulberga

1.Beigaum

Bhiwani
Jamnagar
.Bznaskantha
.Ahmednagar
5.53tare 1
6eSholarur
7.Xolar

8. TUmnkur
G.Salemnm.

1
2
3
4

>

(18.42)

l.2lwar

Z.B33rmer

3.Bharatrur

4,3ikaner

5.Churu

sg.,Dungasuur

7.Jhunjhunu 15 (1¢,74)
8.Jochpur

G.Kotz

10.Nagsur

11.S8.Mschonur

12.8iker

13. Tonk

14 .riehboohna~ar

15, Tiruchiranz1l1li
1.8zangli
Z.Ajmer
2.Jzlore
L.rali
5.Mv80re
£.Dharmaonuri PN

13(17.11)



TABLE 3.11 contde..

1) (2) (3) (4)) : (5) (6) (7)
.00-150 l.Ahmedabad l.Jalgaon l.Aurangabac¢ 1l.Dhule 1.Bead
2e.Brauch Z.Bellary 2.Bijepur 2.0smanbad
3.Dharwar 3.Chittorgarh 13.(17.11)
4.Anantpur
5.8id=ar
elow 1.Parbhani 1.Adilabad 1. Dhar l.Bansvara l. Indore
00 2.Nanded 2. KXurnool 2.Ratlam 2.Mandsaur
3.akola 3.Ujjain 3.Hydrabkad 21(27.63)
4 .Amravati 4, Jhabu:a 4, Medak
5.Yeotmal 5.Rajgarh
6.W.Nimar 5.Shajapur
7«E.Himar 7.Chitraduxga

otal 15.(19.74) 5(6.58) 5(6.58) 12(15.79) 38(51.32) 76(100.00)
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in drought affected areas of lMadhya Pradesh, Maharashtra and
Andhra Pradesh,

It is evident from fig 3,9 and table 3,11 that most
of the drought affected districts of Gujarat, Rajasthan,
Haryana and Tamilnadu and some districts of Maharashtra and
Karnataka have high vield level, Maximum number (34) of
districts have low yield level, Low yield districts are
concentrated particularly in.Maharashtré, western Madhya
Pradesh and Andhra Pradesh., Yield is very low in drought
prone districts of eastern Maharashtra and Madhya Pradesh,
Medium yield districts are concentrated in Gujarat, southern

Rajasthan and some parts of Karnatala,

1t is evident from table 3,11 that out of 29 high
yield districts, acreage is less than 5 per cent of GCA in
24 districts, lMost of these low acreage and high yield
districts are located in Rajasthan and western Maharashtra,
On the other hand, out of 34 low yield districts, 9 districts

have acreage less than 5 per cent of GCA., Seven of the;szﬁf?:>a
VR

districts have less than 10 per cent of GCA under cottof;

Growth Rate of Yield |

e
Production of cotton in India, over the period i96f-’//
70 to 1977-80, has increased at an annual compound growth

rate of 3,46 per cent while in drought prone area it has

increased comparatively at low growth rate (1,60 per cent),



TABLE 3,12
Spatial distribution of yield level of cotton and its growth rate
ield
1967-70)
Kg/ha)
(1) (2) (3) (4) (5) (6) (7) (8)
[ 10.0 and above 6.0-10.0 3.0-6.0 0.0-3.9 -3.0-0.0 Above =3.0 Total
50 and l.5atara
bove. 2. Tiruchirapalli 2(2.70)
00=-250 l.Ehiwani l.Dhamapuri l.vadodara 5(h.76)
Z«.S5holapur
3.8alem
150-200 l.Jamnagar 1l.Rajkot l.Bhavnagar 1.Brzuch
2.Banaskan- 2.amreli 2.5angli
tha 3.Junagarh S5eGikaner 11(1<.85%)
4£.Jhunjuhunu
5.81ikar
00-150 l.Sakarkanthal.2jmer l.¥utch l.Anmesabad l.R22jgzrh
2.ahmednagay Z.Barmer ZeThittcocroarh 2. Minnr Fe3najstur
3.8Bharat»ur 3.Jslore Zerali 3.Mecak 2C(27.03)
4.Dungarpur 4.Xota
5.Jodahpur 5.Nagaur
5.S5.Machopur
7. Tonk.
elow 100 l.anantpur 1.S.MNagar 1.Dhule l.Jalgaon l.Amravati l.Mandsaur
2.Mehboob~ 2.8uldhana 2.2urangabad 2.Parbhani 2.83answara
nagar. 3.2lwer 3.Beed 3.Nanded 3.Incore 35(42.65)
3.Belgaum 4.Bellzry 4.0smancad 4 .,nkols 4.0Ujjain
4.3idar 5.Bijapur 5.Kurnool 5.Yectma 5.Jhabua
5.Myscre e Raichur t.Chitradurgab.Char 6e.E.Niwar
6. Tumkur 7.Dharwar 7T.Retlzm 7T.Ad1labcad
&.Gulhergs 8.lyvderzbacd
Total 6(5.11) 13(17.57) 18 (24.32) 19(25,68) 13{17.57) 5(6.74) 74(i00.00)
P
e
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Low growth rate of cotton production in drousht prone arcas is
attributed to shrinkage of area and coparatively low growth
rate of yield (2,15 per cent per annum), ‘hile acreage is
constant (0.34 per cent) and yield has increased at an anmual
growth rate of 3,11 per cent in India,

Cotton yield has increased in drought affected areas
of all states except Madhya Pradesh., Fig, 3,10 depicts spatial
variations in growth rates of yield, It is evident that high
crowth rate districts from a contiguous belt in Karnataka,
Andhra Pradesh and are also located in Gujarat and some parts
of Rajasthan and Maharashtra, Cotton yield has declined in
most of the drought affected districts of Madhya Pradesh,
south eastern Gujarat and Tamilnadu, Moderate growth rate
districts are scattered all o&er drought affected areas except
Karnataka and Madhya Pradesh, Low growth rate districts are
particularly located in parts of Maharashtra, Madhya Pradesh,
Gujarat, Rajasthan and Haryana, Cotton yield has increased
in most parts of drought affected areas of Karnataka, Andhra
Pradesh, Gujarat and Rajasthan. It has declined in western
Madhya Pradesh and adjoining region of Gujarat and
Maharashtra,

Table 3,12 shows relationship between yield level of
cotton during 1967-70 and its growth rate over the period
1967-70 to 1977—80; It is evident that out of 56 low yield
districts, yield has increased in 43 and has declined in 13,

Seven districts under this category have registered high and
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fifteen have registered moderate growth rate in yield, On
the other hand, out of seven hich yield districts, four have
registered decline in yield, VYield has increased at a slow
rate in remaining three distriéts.» In most of the drought
affected districts where yield level was low during 1967-70,
it has further declined, It has declined or remained

stagnant in high yield districts,

Sumning Up

Bajra, which is a staple crop, is widely sown in
drought affected areas of Rajasthan, western Haryana and
Gujarat. Its yield is high in Gujarat but low in Rajasthan
and western Haryana, Yield remains very low in areas which
are frequented by drought, e.g. western Rajasthan, High
yield level in Gujarat is because of adoption of modern

technological inputs; e, g. high yielding varieties of sgeeds.
These technological inputs have not been.introduced in bajra
cultivation in western Haryana and Rajasthan and crop yield
depends on vagaries of weather, Gujarat has registered high
growth rate of yield, while it has rather declined in eastern
Rajasthan and western Haryana, High growth rate of yield in
western Rajasthan is because of the fact that during the

base period (1967-70) it was very low due to severe and

contimious drought,
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Jowar 1is a cereal crop in large portion of drought
affected areas, viz, lMaharashtra, farnataka, Andhra Pradesh
and'Madhya Pradesh, Drought prone areas are doing better
in terms of jowar yield and its growth, Yield level and its
growth rate are equal in country and drought affected areas,
Except Madhya Pradesh where yield level is medium, it is
high in rest of jowar sowing areas (peninsular India), Jowar
yield is low to medium in rest of drought affected areas where
it is not a significant crop. Yield has increased at moderate
to low growth rate in drought affected areas of peninsular
India and declined in lMadhya Pradesh, Gujarat and wegtern
Rajasthan where yield level was medium to low during base

years have registered high growth rate,

Gram sowing area is confined to eastern Rajasthan,
western Haryana and north-western Madhya Pradesh, Yield of
the crop is high in eastern Rajasthan and south western
Haryana, and medium in north western Madhya Pradesh, Yield
level of gram is stagnant in drought prone areas, 1t has
declined in western Haryana, increased at low rate in western
Madhya Pradesh and eastern Rajasthan, It has marginally
increased in peninsular India, where gram is not a significant
Ccrop,

Groundrmut is an important oilseed crop of Gujarat,

Andhra Pradesh, Karnataka and Tamilnadu, Its yield in
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drought prone areas contimies to remain below the average of
the country, It is high in Gujarat, south Karnataka,
Tamilnadu and parts of Andnra Pradesh., It is medium in rest
of groundmut sowing areas, Yield has increased at low rate
in drought affected areas, It has increased at low to
moderate growth rate in major groundrut producing areas and

has rather declined in Maharashtra and Madhya Pradesh,

Cotton, a fibre crop, is important in Gujarat,
Maharashtra and Karnataka, Its yield is high to medium in
Gujarat and some districts of western Maharashtra and
Karnataka, MaJjority of districts in Maharashtra and Karnataka
have registered low yield, Tamilnadu, western Haryana and
parts of Rajasthan have registered high yield, High yield
level in Tamilnadu and Haryana is because of the fact that it
is an irrigated crop, Yield has increased at moderate to high
growth rate in Gujarat, Maharashtra and Karnataka, It has
declined in Madhya Pradesh,

Except Jowar and gram, yield of bajra, groundmt
and cotton in drought prone areas is less than the average
of the country, Yield level of jowar and gram in drought
prone area is equal to the average of the country, Jowar
yield has increased at modefate growth rate, while gram

yield is stagnant, Yield of groundmut and cotton has also
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increased at a low rate, BajJra yield has alsc increased,

though, at a very low rate,

It is evident from spatial and temporal pattern of

yield levels of gelected five crops that drought prone area

of Gujarat is doing better, having high yield level of bajra,
groundmut and cotton, and medium yield level of Jowar and gram,
The condition in western Rajasthan is depressing where yield
of even bajra is very low., Bajra ylield is low in eastern
Rajasthan too, however, gram yield is high in this reéion.
Madhya Pradesh is also a depression in termms of yield levels
of the five selected crops, Except Jowar and gram which have
nedium yield level in the region, yield of bajra, groundmt
and cotton is low, Yield level of the four crops is low in
Maharashtra except jowar, In Karnataka too, yleld levels of
.ﬁnportant crops, groundmut and cotton, are low, However,
Jowar yield is high in this region, Yield of Jowar is medium
to high in Andhra Pradesh, Groundmut and cotton yield are
medium and low respectively, Yield of all the crops is high
in Tamilnadu excépt gram, South western parts of green
revolution state, Haryana, also show a dismal performance in
terms of yield of selected crops., Bajra and gram are important
crops in this region, Bajra yield is low, but gram yield is
high, Yield of both the crops has declined over the period of
study.



Drought prone areas of India offer great potentiality
in the above mentioned crops, Jowzr yleld is comparatively
high, but still it can be increased in drought affected areas
of Maharashtra, Madhya Pradesh, larnataka and Andhra Pradesh,
The manipulation of seeds technology is an imperative as the
extension of net sown area is constfained. More Jjudicious
use of avallable moisture and further conservation strategies

may deliver the good in future,



CHAPTER IV

RAINFALL PARAMETERS AS DETER:TIIANTS OF AREA UNDER
SELECTED CROPS AND TIIEIR YIZLD IN DRCUGHT PRONE
AREAS

Agricultural productivity and cropping pattern of a
region are functions of various factors such as physical \/
phenomenas, socio-economic conditions, technology and insti- I
tutional factors., Advancement in science and technology and
progressive changes in sgcio—economic conditions in twentieth
century have been able to pull out fo some extent, the
agriculture along with other sectors of economy, of the
crisis of stagnation, Technological break through, in terms
of mechanization, irrigation facilities, new seeds (HYV and
quick ripening varieties), chemical fertilizers, insecticides
and pesticides, have been able to increase agricultural
production in accordance with demand, But still major parts
of the developing countries, have not been successful to
acquire a significant technological breakthrough in agricultural
sector either because of underdevelopment of science and
technology or various socio-economic problems. Physical
factors, particularly climatic factors, still domiﬁate the | 7

agriculture of these countries, Vast majority of third world

population depend on agriculture to earn their livings,
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Talking about the measures to protect the crops from climatic
vagaries and ensure food for human beings, the Director
General of Food and Agriculture COrganisation of United Nations
made a statement of Press on 1 February 1973: "It is intolerable
that this world of 1970's with all its scientific progress and
its slowly growing sense of common purpose, should zo on
enduring a situation in which the chances of enough decent food
for millions of human beings may simply depend on the whim of
one year's weather."1

New technological inputs in agriculture have been
p%rtially successful in reducing adverse effects of climatic
factors'on agricuftural dévelopment. Aésured water supply
through irrigation, spray of insecticides and pesticides to
counter meanance of crop diseases and pests, drought resistant
and quick ripening varieties of seeds and improved agronomic
practices have been able to mould the agricultural scene and
reduce the risks imposed by climate, Still climatic factors
remain responsible for variations in agricultural production
up to a great extent in different parts, bec ause the adoption
of technology is not an ubiquitious phenomena, If not dominate
it, these factors indicate the direction of agricultural

development of a region, "It is generally estimated that

1 Quoted from . the Report of National Commission on Agriculture,
1978, part 4, Ministry of Agriculture and Irrigation,
Goverrment of India, New Delhi, p, 1,
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weather as a single factor could be responsible for a much as
50 per cent of variations in yield which occur from year to
year; the remaining 50 per cent being due to other factors like
irrigation, mamuring and plant protection measures etc."2
Influence of clihatic factors is much pronounced in developi ng

countries where new agricultural techmology is either not

available or 1s scale-biased,

Influence of weather phenomenon on agricultural
production is obvious as crops are grown on open fields,
involve biological growth and bear fluctuations 1in weather,
For its sound growth and successful production, a crop requires
optimal temperature, soil moisture and sunshine,. Regquirement
of these factors, however, varies for various stages of a
crop growth, and different crops require diffefent optimal
levels of these factors., So,‘*excesses or shortages of solar
radiation, temperature, precipitation and wind velocity from
the optimal levels have adverse effects on crop production,
Crop production involves metabolic process where growth of
plant tissues depends on photosynthesis which is a function of
solar radiation, éarbandiokide, soll moisture and soil mutrients,
In such a situation, climatic factors have major effect on crop
production and technological intervention has been partially

successful in reducing it,

2 Ibid. [] p. 23'
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In the above mentioned climatic factors, rainfall is | /
dominant as it is the natural source of soil moisture for a
vast area under cultivation, "Rainfall is the most important
climatic factors as it determines the potential of any region
in terms of crops to be raised, farming system to’be adop ted,
the nature and sequence of farming operations to be followed,
and targets to be achieved in agricultural productivity."3 <
Availability of soil moisture depends on rainfall received,
its parameters and fluctuations in occurance. These parameters
have direct bearing on area and yreld of crops, Rainfall is
the most dominant climatic factor, which caused variations in ‘ ¢
agricu’tural production in tropical and subtropical regions of
the world where sunshine and temperature are not limiting
factors, Despite contimuing efforts to meet the soil moisture
demand of crops with the help of irrigation, a vast tract of
globe, particularly arid and semi-arid zones, has to depend [
on rainfall parameters to raise the crops and rear the cattlesj
"Rainfall has a dominating influence in crop production for
nearly two third of a world area.... In arid and semi-arid
regions it becomes the limiting factor, superseding all /

other factors of crop production due to total and seasonal

3 Jasbir Sinch and S,S, Dhillon (1984), Agricultural
Geography, New Delhi, p, 71,
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amounts, frequencies, short time intensities, drought spells,[//

wet spells and other variabilities,4

In India too, rainfall is a dominant factor, respon-.//
sible for variations in cropping pattern and agricultural
productivity in space and time.[ "Of the major weather elements
affecting crop production, such as temperature, sunlight,
moisture and wind, moisture is by far the most important single
factor in Indian agro-climatology."5 Temperature and sunshine
do not have much influence on agriculture except Himalayan land,
where temperature remains low thfoughout the year and drops even
below freezing point during winter, North western parts of
Indian plain also experience severe cold, Air and soil moisture
temperature in December and Jamuary is likely to f£=211 below
0°C, Frost and cold waves are hamful for rabi crops in north
western Indian plain, High humidity, long standing cloudiness
and lack of sunshine are sometimes responsible for crop diseases
and pests., Otherwvise it has got an endless crop seasons. "In
India, however, tenperature and sunshine do not act as limiting
'factors in a given part for the crops which are commonly

grovmn, ... L1t is either the rainfall or the moisture deficit

+ /(1985) 4L J.R. Kakde, Agricultural Climatology, New Delhi, pp., 116-17,

5 A, Ahmed and M.H, Qureshi (1979), "Some Aspects of Indian
Agro-Climatology", Occasional Paper No, 22, CSRD, SS3S,
New Delhi, p. 5.
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which comes out as the most important factor influencing the
crop growth”.6

Development of irrisation has been so meagre in ,
India that more thnan 70 per cent of total cropped area has to/’/
depend on rainfall for soil moisture, In large parts of the
country bulk of rainfall occurs between June =nd September,
during south west monsoon seasonV/ Littoral parts of Tamilnadu
and north western India, however, receive rainfall during
winter, Rainfall also has a great deal of spatial variability,
as Assam, other parts of eastern India and western Ghats
receive anmial rainfall above 250 cn, and western Rajasthan
and Gujarat receive annual rainfall less than 50 cn, Rainféll
in India, which is by and large confined to south west monsoon
season in most parts of the country, is characterized h aving
temporal fluctuations, which are more evident in drought prone
or scanty rainfall areas., Hence dryland farming involves much
risks than wet Land, "The moisture content of the soil, in the
growing season particularly, becomes important factor in the
dry areas. It is not the temperature but the moisture which
is limiting factor in the drylands of the tropics, Most of the
dry farming techniques are adopted to conserve and use the

7

moisture optimally," Rainfall is dominant factor responsible

6 Report of the National Commission on Agriculture, op, cit.,
P. 24,

7 M,H., Qureshi, "Area and Yield of Some Selected Crops in
Dry Area - An Evoluation of “ater as a Determinant",
Proceedings of the Symposium on Dryland Farming, 29 March
1985, AMU, Allgarh, pp. 2-J,
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for variations in yield and acreage of crops in drought affected
areas of India,

Success of crbp production not only depends on total i//
amount of annual rainfall but also on the nature of distribution
of this amount in time and space, The paramecters which are
crucial for the success of crop, besides the total amount of
rainfall, are seasonal rainfall, number of rainy days, //’
variability of rainfall, frequency of wet spells and fregquency
of dry Spells."8 Hence, while studying rainfall crop production
relationship it is utmost important to examine nature of
various rainfall parameters and their influence on crop yield \

and cropping pattern,

1. Anmual Rainfall

I. is the amount of rainfall received during an
agricultural year, Annual rainfall has direct bearing on crop]
yield and cropping pattern of an agricultural region, It is
evident from difference in yield levels and cropping pattern
of wet and dry areas of India, Rice is a dominant crop in }
areas having annual rainfall more than 100 cn. VYheat is a
dominant crop in irrigated tracts of northwest India, Dry l
farming is practised in rest of the country and coarse food

grains, bajra, Jowar and maize are main crops, -There is

remarkable difference between agricultural productivity of

8 1Ibid., p. 23.



137

wet and dry areas, Keeping in view the amount of rainfall and }
its characteristics, farmers of dry or drought affected areas

ad just cropping pattern in such a way, so that the risks posed '
by climatic factors are reduced. ‘'Jhile shortage in annual
rainfall invites drought resistant hardy crops, excess rainfall \

tempts the farmers to grow water intensive crops,

2, Seasonal Rainfall

Seasonal rainfall is amount of rainfall occuring
during the crop growing season, It is the major source of
soil moisture, however, role of residual soll moisture cannot be
discarded, Residual moisture does nof play very important role
during Kharif season in India, but itsbrole cannot be undermined
in success or failure of rabi crops, For example, gram, which
is a rainfed rabi crop in most parts of north west and central
India, grows on conserved or residual soil moisture of south
west monsoon season, By and large success of this crop depends
on rainfall occurred during last phase of south west monsoon
and retreating monsoon, Light showers during 'rabi' season are
also conducive for this crop., Adequate and timely south west
monsoon rainfall which coincides with !'kharif'! season, has
positive influence on kharif crops production, Water requirement
of crops varies from one stage of growth to another, Hence,
seasonal rainfall should be adequate énough to meet its soil

moisture requirement,
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3., Onset and Jithdrawal of Monsoon

Timely onset and withdrawal of south west monsoon hés
positive influence on crop performance, Late onset and
insufficient rainfall in the beginning of the season not only
shortens the crop season and hence have adverse affects on
vield but also results in temporary shifts in cropping pattern,
In such an eventuality, particularly in semi-arid areas, water
intensive and iong duration crops are replaced by drought
resistant and short duration crops because "crops and their
varieties vary greatly in their suitability in relation to
thelr date of sowing and tolerance to droughts, Some crop
varieties could withstand prolonged droughts while others are
hipghty susceptible to moisture stress".9 Late withdrawal of
south west mohsoon may have adverse influence on yield of Kharif
crops because of high susceptibility of crops to insects and
pets in humid conditions which damage the crops during maturity
stage, However, it has positive influence on acreage and yield
of rainfed rabi crops which are grown on residual soil moisture,
Early withdrawal of rainfall hampers yield of Kharif crops, as
moisture déficiency during maturity stage of plants results in
production in grain size, It also has adverse affects on acreage

and yield of rainfed rabl crops.

9 P.C. Ashok Raj (1979), Onset of Effective Monsoon and
Critical Dry Spells - A Computer based Forecasting
Technique, New Delhil, IARIL, p. O,
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4, Rainfall Reliability \//

Consistent and adequate supply of soil moisture is
basic requirement for balanced growth of a crop, "Steady and
moderately moist conditions are more favourable to crop growth
than an erratic alternation of very wet and very dry Spells".1o
South west monsoon, which is characterized by erratic and
unreliable behaviour, does not zrant adequate and timely supply
of soil moisture in vast tracts of the country. "Though it is
expected to occur during a cropping season and be useful to
plants, the fainfall does not occur with a fixed schedule in
frequency, duration and intensity in any region shéwing effects

of wide fluctuations in crop performance."11

It is not only variations in amount of anmial or
seasonal rainfall but also rainfall variability in time and
space are responsible for variations in acreage and yield of
crops, Variability of rainfall in space for a long period of
time, however does not have much importance because cropping
pattern of a region gets adjusted with soil moisture availability,
But temporal variations in anmual and seasonal rainfall have

impact on yield and acreage of the crops, Its impact on crop

10 J.E. Hobbs (1980), Applied Climatology : A Study of
Atmospheric Resources, London, p, 119,

11 Kakde, (1985), op, cit., p. 117,
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performance becomes more pronounced in drought affected or dry
areas where high rainfall variability is associated with scanty
rainfall, "Normally, 1t is seen that variability is usually of
least magnitude over areas of high rainfall and greater over

those of low rainfall,"12

It is also evident from tne fact tMat/>
correlation coefficient between anmial rainfall and its variabi—’
lity in drought affected areas is -0,60, This highly unreliable
and scanty rainfall of drought affected areas poses risks in
agricultural development, “Variations in rainfall from year to
year and even from season to season, when freiuently marginal in
amount for agriculture, becomes more critical."'? 1In such a
situation drought resistant crops dominate the cropning pattern

of the region and crop yleld is subject to variation with

fluctuations in rainfall occurance,

Variability of seasonal rainfall has more influence
on crop performance than that of annual rainfall, Variations
in weekly and &onthly rainfall during crop season exert even \//
more influence on crop production, Crop yield may fall down
in case of inadequate soil moisture supply during maturity
stage, "Variability in time towards the end of Kharif rainy

season is much more and hence of great significance not only for

12 Jasbir Singh and S.S, Dhillon (1984), op, cit., p. 72,

13 Ibid., pe 71
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Kharif crops but also for rabi crops that zrow primarily on
residual soil moisture gained from rain received earlier."1Z+ /
flence, rainfall wvariability is inversely related with rainfall
reliability, Crop yield remains considerably low in highly

unreliable rainfall zones and vice versa,

5. Frequency of et and Dry Spells

/-

Wet spell is a rainy period when rainfall is adequaLe
enough to meet the water demand of the crops in a region, But
wet spell does not continue throughout rainy season and sometimes
rainfall does not occur for a considerable period of time, 1In
such a situation, evapotranspiration exceeds available soil
moisture, This period of soil moisture stress is called as
dry spell, Prolongation of dry spell causes stress and strains
on crop growth and is termed as 'critical dry spell', Occurance
of dry spells is a common phenomena during south west monsoon
season, Monsoon depressions, which originate in northern Bay
of Bengal and move north west-ward bring rainfall in most
parts of north and central India, These depressions are
assoclated with moderate to heévy rainfall and presence of
these depression in any region marks wet spell, Time gap between
the two successive depressions is marked as a dry spell., Hence,
success of crop production and acreage depend on fregquency of

dry and wet spells, The region characterized by having

14 Kakde (1985), op, cit,, p. 118,
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frequent dry spells has low crop yield in comparison to other

regzions where dry spells are not so frequent,

6. Rainy days and Intensity of Rainfall

)/,
Effectiveness of rainfall, which depends on intensity
of rainfall, land slope, soil texture and temperature, also
plays an important role in crop production, High recinfall in a
region‘might be concentrated to a few rainy days and have high
intensity of rainfail. In such a situation rainfall has poor
effectiveness necause rain water flows down the slope and results
into soil ercsion and floods, Crop yield remains lower in such
a region in comparison to others where rainfall being low but

has higher effectiveness.,; South west monsoon rainfall in India

is characterized by heavy showers occuring during a small period,
tRainfall intensity studies in India show that storms of 25
mm/hr or more intensities are received on a few days (about

7 to 15 per cent of total rainy days) and account for 30 to 70
per cent of total seasonal rainfall in low and moderate rain
zones, Such rainfall also accounts for most of the run~off
giving poor rainfall effectiveness, high soil erosion, erratic
daily variations in river flows and pounding of water on Land."15‘

Hence, for better crop yield, rainfall should not only be high

15 1Ibid., pp. 123=4,
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but also fairly distributed with neither too high nor too low ]//

rainfall effectiveness,

Because of certain limitations, non-availability of
data, effect of all the aforementioned rainfall parameters on
yield and area of some selected crops, has not been examined,
Present study analyses influence of annual rainfall, seasonal
rainfall and variability of anmual rainfall (C.V.) on acreage
and yield of bajra, Jowar, gram,. groundnut and cotton in drought
prone areas with the help of step—wiée linear regression, Two
independent variables, anmial rainfall and seasonal rainfall,
create the problem of multi-collinearity as correlation between
these two variables is +0.97 for both periods of time, 1968-69
and 1978-79. In order to avoid the problem of multi-collinearity
two sets of equation Y = £ (X1 and X3) and Y = £ (X, and X3), have
been tried for stepwise regression, The set having higher

explanatory power has been chosen . for explanation,

Rainfall Parameters as Determinants of Crop Acreage

Rainfall Parameters and Area Under Bajra

Correlation Matrix: Correlation matrix for 1968-69 shows that

bajra acreage is inversely correlated with anmial rainfall and
seasonal rainfall and positively with variability of anmal

rainfall, Values are high and significant at 1 per cent level



Table 4,1

Bajra Area

Correlation Matrices

1968-69
Y1 X1 X2 X3
1,000 =,7ho*% -,699% 672
10000 -969 "'0600
1,000
1978~79
1,000 =,574L% _ chgx  620%
10000 “0397
1,000
Y = Area under crop
X1 = Anmal rainfall
X2 = Seasonal rainfall
X3 = (,V, of annual rainfall
¥ Significant at 1 per cent level of significance
¥

Significant at 5 per cent level of significance
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of significance for all these parameters, Annual rainfall has
highest correlation coefficient -0,742 followed by seasonal

rainfall -0,699 and C,V. of rainfall -0,672.

After a decade, in 1978-79 also pajra acreage had
moderate to high correlation with annual rainfall, seasonal
rainfall and C,V, of rainfall, C.,V, of rainfall has highest
correlation among theSe parameters (+0,62), Both, annual and
seasonal rainfall have negative correlation with bajra area,

r values for all three parameters are sipgnificant at 1 per cent

Level of significance,

It is evident from the above mentioned facts that
variations in rainfall parameters lead to variations in area under
bajra, In the rainfed agriculture of drought affected areas,
area ﬁnder bajra decrease with increase in annual and seasonal
rainfall and increase with increase in rainfall variability.’
Bajra acreage is higher in scanty and less reliable rainfall areas,
Research hypothesis that area under bajra increases with increase
in annual and seasonal rainfall and decreaseswith increase in
C.V., of rainfall is rejected and alternate hypothesis is

accepted,

Stepwise Regression Analysis

Seasonal rainfall enters at step 1, in the regression
analysis during the period 1968-69. It explains 48,86 per cent

of variations in area under bajra. Seasonal rainfall along with



Table 4,2

Bajra Area

Stepvilse Regression Analysis

%%gia— R R2X1OO %gcﬁgiigb §2 F ggg??;i}on gé%:cggf, t Intercept
client
1968-69
Step 1 X, .699 u8.86 - 489 76, 2L2% -, 626 L072  -B.T732% 18,76
Step 2 X5 .799 63.84 14.98 . 034 69,885% ~,439 .069 -6,391% 5. 53
X5 e LT 5, LG
1978-79 '
Step 1 X3 .622 33,69 - | . 287 50.591% ,899 . 126 7. 113% ~19,49
Steo 2 X; .70k 49,56 10.87 489 38,758% 694 . 126 .50
X5 -0 214 .052 -k, 109%

* Significant at 1 per cent level of significance

*¥% Significant at 5 per cent level of significance
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C.V. of rainfall explain 63,84 per cent of variations in bajra
acreage, in which C,V, of rainfall has a contribution of 14,98

per cent, F values for both stens shows that R values are
significant at 1 per cent level of significance, Per unit increase
in seasonal rainfall and C,V, of rainfall cause, respcctively,

O.44 unit decrease and 0,84 unit increase in area under bajra,
Regression coefficients for both steps are significant at

1 per cent level of significance,

Rainfall variability explained 38,69 per cent of
variations in bajra area in 1978-79, R value is significant at
1 per cent level of significance, Regression coefficient (+0,90)
is also significant at 1 per cent level of significance,
Variability of rainfall alongwith seasonal rainfall explains
49,56 per cent of variations in bajra area., Seasgonal rainfall,
which Joins C.V, of rainfall at step 2, explains 10.87 per cent
of variations in bajra acreage., R value is significant at
1 per cent level of significance, Regression coefficient with
both the parameters of rainfall are also significant at 1 per cent

level of significance,

Bajra acreage is inversely correlated with anmial and
seasonal rainfall and positively with variability of rainfall,
It is a drought resistant, hardy crop and its cultivation is
confined to scanty and less reliable rainfall zones of western

Rajasthan northwestern Gujarat and western Haryana, In
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comparatively higher rainfall areas this crop has to compete with
jowar, maize and ragi, Rainfall parameters have sipnificant
influence on bajra acreage, as only two parameters, seasonal
rainfall and variability of rainfall explain 63.84 per cent and
49,56 per cent of variations in area under orop in 1968-69 and

1978-79 respectively,

Rainfall Parameters and Area under Jowar

Correlation Matrix It is evident from table 4,3 that area

under jowar in 1968-69 had moderate correlation with anmal
rainfall, seasonal rainfall and variability of rainfall, r value
is -0,45 for rainfall variability, which is si :nificant at 1 per
cent level of significance, Anmual and seasonal rainfall, on the
other hand are positively correlated with area, however, their
degree of association is considerably low, 40,38 and 40,37
respectively, r values for these variables are significant at

1 per cent level of significance,

In 1978-79, variability of rainfall ethibits negative
correlation (-0,50) with area under Jjowar, which is significant
at 1 per cent level of significance, Correlation of Jowar acreage
with anmual rainfall is positive and low (.20) which is significant
at 5 per cent level of significance, Seasonal rainfall exhibits
very low and insignificant positive correlations with Jowar

acreage., One of the possible reason for low correlation with



Table 4,3

Jowar Area

Correlation Matrices

1968-69
Y, X, Xy Xz
1,000 o DTT* «3069% o L453%
1,000 969  -,600
1,000 . 472
1.000
1978-79
¥1 X4 X, X

1.000 « 203%%  ,097 -.500%

1.000 . 970 -, 488
1.000 -.397
1.000

¥ Significant of 1 per cent level of singificance

#¥ Significant at 5 per cent level of significance
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seasonal rainfall might be the fact that seasonal rainfall pertains
to rainfall occurred between June =nd 3entember, but jowar is
also grown in rabl as an irrigated crop in lizharashtra and south

India,

Stepwise Regression

Rainfall variability which enters at first step
explains 20,52 per cent of variations in area under jowar in
1968-69. R value is significant at 1 per cent level of signi-
ficance, Seasonal rainfall which is introduced at second step,
together with rainfall variability, explains 23,62 per cent of
variations in area under Jjowar, Contribution of seasonal
rainfall is very low, i.e, 3.10 per cent, R value ot second
step (0.49) is significant at 1 per cent level of significance,
Regression coefficient of rainfall variability on areas is
~0.59 which is significant at 1 per cent level of significance
at step one, Regression coefficient for rainfall variability is
negative and significant at 1 per cent level of significance, but
it is positive and insignificant for seasonal rainfall at the
second step, In 1978-79, rainfall variability is introduced
at first step and explains 25 per cent of variations in areas
under Jjowar, R value is also significant at 1 per cent level of
significance, Variability of rainfall combined with seasonal
rainfall explain 26,21 per cent of variations in jowar acreage,

In this case also R value (0,51) is significant at 1 per cent



Table

by by

Jowar Area

Stepwise Regression Analysis

Varia;i Increase - Regression S.E, of
ble R RX100 in R2x100 R2 F  Coefficient Res, Coef, U 1ntercept
1968-69
Step 2 Xy 486 23,62 3,10 L227  12.199% -, 466 YA S3.211% o oy
X2 . 122 .068 1,793
1978-79
Step 1 Xz .500 25,00 - .250 26,709% -, 64k .125 -5.168% 39,98
X, -, 064 .056 -1, 143

¥ Significant at 1 per cent level of significance

*%¥ Significant at 5 per cent level of significance

181



level of significance, however ' value in second step has
declined sharply, Seasonal rainfall prevides explanation for
1.21 variation in area under Jjowar, Values of RZ suggest to
retain seasonal rainfall in the explanatory variables,
Coefficient of slope of variability of rainfall on area under
Jowar 1s negative and significant at 1 per cent level of
significance for both steps., Regression coefficient of

seasonal rainfall is negative and insignificant at step 2,

Preceding discuséion implies that variation in area
under Jowar is function of variations in annual rainfall,
seasonal rainfall and variability of rainfall, Research
hypothesis that jowar acreage increases with increase in anmual
rainfall and seasonal rainfall and decrease in coefficient of
variztion of rainfall holds true, Variability of rainfall has
comparatively'higner explanatory power, Correlation with anmual
and seasonal rainfall is also significant, However, correlation
coefficient with seasonal rainfall is very low and insignificant
in 1978-79. Apart from explanation given earlier, this might
be because of other rainfall parameters, particularly on set and

withdrawal of monsoon etc,

Rainfall Parameters and Area Under Gram

Correlation HMatrix: Table 4,5 shows that all three parameters

of rainfall had low and insignificent correlation with area under

cram in 1968-69, Anmual rainfall has positive correlation



Table 4,5
Gram Area

Correlation Matrices

1968-69
1,000 » 171 -. 199 087
10000 .223 e 600
1.000 -.565
1,000
1978-79
Y1 X1 XZ X3

1.000 . 161 - 2L7¥x% . 047

1,000 . 248 -. 488
10000 e 579
1,000

* Significant at 1 per cent level of significance

*¥% Sipnificant at 5 per cent level of significance
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(+0,17) with area, Correlation is negative with renaining para-
meters, seasonal rainfall (-0,199) and variability of rainrfall
(-0.09).

In 1978-79, seasonal rainfall was only parameter
which had significant correlation with area under gram,
Association between these two varinbles irs 1owland inverse,
annual rainfall exhibits low insiynificant positive correlation
with gram acreage, Reinfall variability shows negligible positive

association,

Stepwise Regression

During 1968-69, seasonal rainfall which was introduced
at first step, explained 3,96 per cent of variations in area
under gfam, R value 0,199 is insignificant, Together with
seasonal rainfall, variability of rainfall explains 9,80 per cent
of variations in gram acreage, Variability of rainfall, at second
step, explains 5,84 per cent at variations in acreage of gram,

F value shows that R value (0.31) is significant at 5 per cent
level of significant, Regression coefficient at step one is

also insignificant, But in step 2 it is significant at 1 per cent
level of significance for geasonal rainfall and 5 per cent level

of significance for variability of rainfall,

During 1978-79 also, seasonal rainfall entered at first

step and explained 6,10 per cent of variations in gram acreage,



Table 4,6

Gram ALres

Stepwise Regression Analysis

bie T R R0 Tnomese g2 o Remession S5 offed 4 Incerceot
1968-69
Step 1 X, .199. 3,96 ., « 040 3,297 -.188 . 103 -1.816 4,99
step 2 X, .313 9.80 5.84 087 4,292%* 344 S22 -2,815%
12,08
*3 | -.180 .079 -2, 262%%
1978-79 |
Step 1 X, 247 6,10 - .061 5,216%% -, 173 .076 ‘ -2, 28L%% 7,218
Step 2 X, .3k0 11,56 5.46 .105 5.170%  -,289 . 091 -3, 184 5.6
X3 -, 206 .093 =2, 207%%

* Significant at 1 per cent level of significance

*¥* Significant at 5 per cent level of significance

551
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R value (0,250) is significant at 5 per cent Lavel of significance.
In second step, seasonal rainfall and variabitity of rainfall
explain 11,56 per cent of variations in area under gran,
Variability of rainfall explains 5,46 per cent of variations in
acreage., R value (0,54) is simificant at 1 per cent level of
significance, Regression coefficient of seasonal rainfall on

area under gram is significant at 5 per cent level of significance,
It has improved in second step and is significant at 1 per cent
level of significance, Regression coefficient of variability of

rainfall is significant at 5 per cent level of significance,

Results of correlation matrices and step-wise regression
analysis show that except seasonal rainfall no other rainfall
parameter has significant influence on area under gram, This,
however, does not imply that area under gram is indifferent to
rainfall parameters, Various physicél and socio-economic factors
seem to be intervening to weaken the correlation between rainfall
sarameters and gram aéreage, Gram acreage is concentrated in
drought affected areas of north and central India (eastern
Rajasthan, north western Madhya Pradesh and western Haryana)
because of congenial enviromment, Gram is a rabi crop, requires
low temperature as compared to kharif crops and is sown on
retentive and conserved soil moisture, Hence, it is not sown
in large parts of the drought affected areas, In large parts

of drought prone areas of peninsular India rabi Jowar and
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sroundnut are preferred. iestern Rajasthan and Gujarat
“experience soil moisture deficit even in kharif season, Hence,
there is no question of soil moisture retention, Seasonal
rainfall, particularly rainfall occuring at the beginning of
seasons, has positive influence on grem acreage, But it shows
negative correlation in the present exercise. Thié is because
of the fact that seasonal rainfall in this exercise pertain
to rainfall occurred during chober—February. This season has
a pood amount of rainfall in Tamilnadu, Karnataka and Andhra
Pradesh where gram acreage is very low, Hence, seasonal

rainfall shows negative correlation with area under gram,

Rainfall Parameters and Area Under Groundmut

Correlation Matrix Table 4,7 shows that none of rainfall

parameters had significant correlation with area under groundnut
during 1968-69, Correlation with independent variables, anmal
‘rainfall, seaéonal rainfall and variability of rainfall is
positive and very low,

After a decade, during 1978-79, anmual rainfall and
seasonal rainfall had low negative correlation with groundnut
acreage, Correlation between anmial rainfall and groundmut
acreage is, sipgnificant at 5 per cent level of significance,
Variability of rainfall is positively correlated with groundnut

acreage, It is significant at 5 per cent level of

significance,



Table 4,7

Groundmyt Area

Correlation latrices

1963-69

Y’l X4 X2 X3

1,000 ,135 . 150 . 190

10000 0969 e &)O

1,000 - U472

1,000

1978-79
1,000 -, 219%%  _ 168 ,218%%
1,000  .970 -.lss

10000 ~e 597
1.000

* Significant at 1 per cent level of significance

*% Significant at 5 per cent level of significance



Table 4,8

Groundmt Area

Stepwise Regression Analysis

Varia-

Increase - Regression S.E. of Reg,
ble R R%00 RRSRSS,  R2 F  Coefficient Coefficient t  Intercept
196869
Step 1 Xz .19  3.61 - 036 2,991 « 227 . 120 1.729 1o 4k
Step 2 Xz 365 13,32 9.71 .123  6,077%  ,h62 . 103 3.237% _49. 0
X4 ) .18 .066 2,978%
1978-79
Step 1 X1 . 219 4,80 - .04L8 4,039%%  _, 104 .052 -2,010%%* 17,01
Step 2 X, .254 6,45 1,65 .053 2,718  -,070 .059 -1,186
7.993
X3 - . 180 . 154 1,173
* Significant at 1 per cent level of significance
*¥%* Significant at 5 per cent level of significance
oo
L 24
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Stepwise Regression: Table 4,5 shous that for the period
1968-68, variability of rainfall which is introduced at first
step, explains only 3,61 per cent variation in the area under
groundmit, R value .0.19 and regression coefficient (+0.210)
are insimpnificant, In second step together with annual
rainfall, variability of rainfall explnins 13,32 per cent
variations in groundmut acreage., Hence, contribution of
annual rainfall in variations in area is 9.71 per cent,
ifultiple correlation coefficient (R) .365 is significant at

1 per cent level of significance,

For the period 1978-79, annmuial rainfall enters at
first step and explains 4,8 per cent of variations in area
under groundnut, R value ( 0,219) is significant at 5 per
cent level of significance, Regreséion coefficient is
negative and low, th ough significant at 5 per cent level of
significance, Variability of rainfall Joins annual rainfall
at second step and explains together with annual rainfall
6,45 per cent of variations in area under groundmit,
Contribution of variability of rainfall is meagre (1,65 per
cent) in the explanation, R value ( 0,25) is insignificant,
Coefficients of slope of annual rainfall and variability of

rainfall on crop acreage are also insignificant,

From the preceding discussion inference can be drawn

that none of the rainfall parameters, annual rainfall, seasona

rainfall and variability of rainfall, has stroag relationship
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with area under groundnut, 3isnificant but low and negative
correlation with annual rainfall and low positive correlation
with variability of rainfall for the period 1978-79, however,
rejects the research hypothesis that.groundnut acreage
increase with increase in rainfall and decrease with increase
in variability of rainfall, Alternate hypothesis is accepted
vhich says that groundnut acreage i1s inversely correlated
with anmual rainfall and positively with variability of
rainfall, Explanatory power of these rainfall parameters is
weak, Seasonal rainfall has wealt and insignificant association
with groundnut acreage, This might be because of the fact
that groundmut is also sown in rabi season in some parts of

south India,

Yeak correlations with annual rainfall and variability
of rainfall is because of the fact that groundmut can be sown
in most parts of drought affected areas where annual rainfall
is more than 50 cam, Light clay soil of low rainfall areas of
Gujarat is suitable for groundnut cultivation, It is
fertile, well drained and does not hamper the pod development,
Hence, about 40 per cent of the groundmut areas in drought
prone areas is confined to Gujarat, Comparatively high
rainfall districts of Andhra Pradesh, Karnataka and Tamilnadu
also have high acreage of groundnut, though less than that
in Gujarat, It is an insignificant crop in low rainfall

zones of Rajasthan and western Haryana,
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Rainfall Parameters and Area Under Cotton

Correlation Matrix: Table 4,9 depicts that seasonal rainfall
is the only rainfall parameter which has significant correlation
with area under cotton, However, r value (+0.286) is low but
significant at 1 per cent level of significance, Anmual
rainfall also has positive association, but it is low and
insignificant, On the other hand variability of rainfall
exhibits negative, low and insignificant correlation with
area under cotton,

None of the rainfall parameters has significant
correlation with cotton acreage for the period 1978-79.
Anmial rainfall and seasonal rainfall have very low positive
correlation while variability of rainfall has very low

negative correlation,

Stepwise Regression: Seasonal rainfall, which got introduced
at first step, explains 8,18 per cent of variation in area
under cotton during 1968-69, R value 0,29 is significant at
1 per cent level of significance., Regression coefficient
(+0.17) is also significant at 1 per cent level of significance,
At step 2, seasonal rainfall and variability of rainfall
explain 8,64 per cent of variations in area under cotton,
Variability of rainfall has very low explanatory power,

0.46 per cent only, R value is significant at 5 per cent
level of significance., However, -ﬁz value sguggest not to
include variability of rainfall in the model, Regression

coefficient for seasonal rainfall is significant at 5 per



T ble 4,9

Cotton Area

Correlation latrices

1968-69
Yy Xy £y
1,000 ,194 . 286%
1,000 . 938
1,000
1978-79
Y, X4 X5
1,000 . 148 . 145
1,000 . 965
1,000

N

16

-. 184
-.600
-, b26
1,000

X3

~. 151
-. 488
~.372
1. 000

* Significant at 1 per cent level of significance

*% Significant at 5 per cent level of significance



Table 4,10

Cotton Area

Stenwise Rernression Analvsis

Varia- . —
2 Increase 372 -~ Regression 5,z, of Reg,
ble R R™X100 3,200 R P Coefficient Coefficient  t Tntercept
1968-69
Step 1 X, .286 8,18 - .082 7,103*% . 171 L064 2,665%  ,908
Step 2 X, .29k 8,64 0,46 075 3,728%% . 152 L0741 2, 130%*%
' 5,35
XB —0098 » 151‘!' ~e 637
1978-79
Step 1 Xz 151 2,28 - .023 1.860 -.183 . 134 -1.364 15,89
Step 2 X3 . 179 3020 0092 0020 1.301 e 136 014'5 e 9L"2
10. 72
X5 . 051 .060 .865

* Significant of 1 per cent level of simificance

** 3ignificant at 5 per cent level of significance
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cent level of significance, It is insignificant for variability

of rainfall,

For the second period of time, 1978-79 variability
of rainfall enters at first step and expleoins only 2,28
per cent of variations in area under cotton, R value (0,15)
is insignificant, Coefficient of slope of variavility of
rainfall on cotton acreage is also insignificant, At second
step, variability of rainfall combined with seasonal rainfall
explains only 3,20 per cent of variations, Seasonal rainfall
explain oﬁly 0.92 per cent of the variétions. R value is
not significant. Regression coefficients for both the

parameters of rainfall are insignificant,

Rainfall parameters, annual rainfall, seasonal rainfall
and coefficient of variation of rainfall fail to explain
variations in area under cotton., However, seasonal rainfall
has low significant association with cotton acrceage for the
neriod 1968-69, It shows that seasonal rainfall has positive
influsnce on area under cotton, Areas receiving higher
seasonal rainfall have higher cotton acreage. Though, it
has not been examined in this exercise, but the factors
which influence up on area under cotton seem to be onset of
southwest monsoon, goils and irrigation, Black soils of

Maharashtra and Gujarat form the cotton belt of India,
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Combinations of seasonal rainfall and varisbility of
rainfall ewplain higner variations in area under the selected
crops in comparison to the combinations of annual rainfall and
variability of rainfall exceot the cise of groundnut, where
latter set offers higher explanation, This spealis of the fact
that seasonal rainfall exerts greéter influence on crop acreage
than the total amount of rainfall received in the year . Onset
of rainfall and amount of rainfzall received during sowing
period may offer even hetter explanation for variations in area

under a rainfed crop,

Rainfall Parameters as Determinants of the Crop Yield

Tnis exercise attempts to assess the influence of
rainfall parameters on the yield of five selected crops.
Correlation matrix shows nature and degree of relationship
between the concerned variables, while stepwise regression

analysis shows explanatory powers of independent variables,

Rainfall Parameters and Yield of Bajra

Correlation Matrix: Table 4,11 shows that ammual rainfall

and seasonal rainfall have moderate positive correlation
with yield of bajra, Correlation is significant at 1 per cent
level of significance, Variability of rainfall had very low

negative correlation in 1968-69 which is insignificant,

None of the rainfall parameters has significant

correlation with yield of bajra during the period 1978-79,



Table 4,11

Bajra Yield

Correlation Matrices

1968-69
Y2 X.\ X2

1,000 . h1gx L Losx

1.000 . 969

1,000

19783-79

Y2 X1 X2
1.000 e 100 -0014'7
1,000 . 945
1,000

* Significant at 1 per cent level of significance

*¥% Sipgnificant at 5 per cent level of significance

Y = Yield of the crop
X1 = Anmial rainfall
X2 = Seasonal rainfall

X3 = C.V, of anmial rainfall

-.118
-. 600
-, 472
1,000

XL

094
-. 489
-. 384
1.000
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Stepwise Regression Anal¥sis

Table 4,12

Ra’ra Yield

e

Varia- -
vle R R°xl00 ;oorgase g2 7 Regression 3,2, of % Intercept
' Coefficient Reg,Coef,
1968-69 .
Step 1 X1 L4118 17,47 - 175 16, G20% 3 133 . 762 4, 113% 114, 45
Step 2 X4 450 20,25 2,78 .192  10,00% 4,065 .92 h.315% f Ao
' "'500
X3 3,337 2,023 1, 649
1978~79
Step 1 X1 . 100 1.00 - .010 .815 -1,090 1. 207 -.903 566, 40
Step 2 X, L1130 1,28 0.28 .0004 . 511 -.776 1,391 -.558
: 482,27
X3 1,685 3, 641 . 463
*  Significant at 1 per cent level of significance
¥* Significant at 5 per cent level of significance
FV-N
€
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Torrelation coefficients are very low, Snmunl rainfnll and
seasonzl rainf -1l have negative and very low correlations with
vield of bajra, ‘hile variability of rainfall exhibits very low

ncsitive correlation,

Stenwise Regression: Anmial rainf-l1ll is introduced at firsgt

sten for the period 1968-69, It explnains 17.47 per cent of
variations in the yield of bajra, R veolue (0,418) is significant
at 1 per cent level of significance, Regression coefficient of
annual rainf2ll on yield is also sisnificant at 1 per cent level
of significance, It shows that cne unit increase in annual
rainfall leads to 3 unit increase in yield of bajra, At second
~te~ anmi~l rainf2ll and variability of rainfall together explain
"N, 25 per cent of variations in yield of bajra, Variability of
rainfall exnlzins only 2.78 per cent of variations in yield of
hajra, Multiple correlation coefficient ( 0,45) is sisnificant
at 1 per cent level of significance, Regression coefficient of
annual rainfall on yield is also significant at 1 per cent level
of sipgnificance, But regression coefficient of variability of
rainfall on yield is not significant,

Correlation coefficients with all the rainfall para-
meters are insignificant for second point of time, 1978-79.
Rainfﬁll parameters included in the exercise do not explain
anything, All R values and regression coefficients are
insignificant, This could be explained in two ways, Details
of the other rainfall parameters such as onset and withdrawal of

rainfall, frecuency of wet and dry spells, rnumber of rainy days
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and rainfall intensi:ty are not avail ble which mi~ht have

doninant influence on yield of bajra, Second possible explanation
can he that relationship may not be linear, Amnmial rainfall in
1278-79 exceeded to normal annual rainfall in 68 of 82 districts.
rience, relationship could not be exnlzined by linear regression

for the period 1973-79,

Rainf~ll Parameters and Yield of Jowar

Correlation Matrix: Table 4,13 snowus that two of the rainfall

narameters, anmial rainfall and seasonal rainfall had positive

and variability of rainfall had negative correlation with

[}

d of jowar, Annual rainfall has moderate correlation with

7

[
—d

o

vield of Jowar which is significant at 1 per cent level of
sicnificance, Seasonal rainfall has low correlation but it is
sisnificant 2t 1 per cent level of significence, Variability of
rainfall has inverse moderate correlation with yield of Jowar

which is significant at 1 per cent level oi significance,

Variability of rainfall had inverse correlation while
annual rainfall and seasonal rainfzall had positive correlation
vith yield of jowar during 1978-79, Variability of rainfall
has moderate correlation, whicnh is significant at 1 per cent
level of significance, Annmual rainfall has low correlation
with the yield, which is significant at 1 per cent level of
significance, Seas~nal rainfall has even lo.er correlation,

It is, however, significant at 5 per cent level of significance,



Table 4,613

Jowar Yield

Correlation lMatrices

1968-69
Y2 X4 %,
1.000 Ll 296
1.000 . 969
1,000
1978-79
Y, X4 X,

1,000  .315% o 2L5%%

1,000 . 970
1,000

173

-+ 557%
-.488
-+ 397
1,000

* Significant at 1 per cent level of significance

*% Significant at 5 per cent level of significance
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Jowar Yield

Stepwise Regression Analysils

Varia-

Increase in

ble R R™100  p2”"y100 72 B Regression  3,E, N —
Coefficient Rez, Coef. Lutercept
1968-69
Step 1 X3 Lush 23,43 - . 234 24,504% -26,589 5,371 ~4,950% 1426,74
Step 2 X3 . 508 25,81 2. 38 L2449 13,773%  ~20,192 6.652 -35,035%
12,55
X4 4, 961 3.098 1,601
1978-79
Step 1 XB « 557 31,02 - 310 35,934%  -20,555 3,429 -5.994 1413, 41
cltep 2 K1 . 559 31- 2L“ Oc 22 . 303 17. 950'\1\L _190 52[4' 3. 9“’5 "'Z+o 949*
_ 1512.,02
X1 0811 1.510 0555
*  Significant at 1 per cent level of significance

*%* Significant at 5 per cent level of significance

3Ly
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Stepwise Rerression: It is evident {rom t20hle 4,14 that

-

variability of rainfall explaired 23,43 per cent of variutions
in yiecld of Jowar, R value is cicuilicant at 1 per cent level

07 gignificance, Recrression coefficisnt (-26,59) is also

A

simificant at 1 per cent level ol sinificance, Variability

of rainfall and anmual rainfall together explain 25,81 per cent
o variation in yield of Jowar, Anmual rainfall adds only 2,38
per cent in tne explanatory powecr of variability of rainfall,
fultinle correlation coefficient ( 0,508) is sisnificant at
1 per cent level of significance, Re;ression coefficient of
variability of rainfall is significant at 1 per cent level of
significance, 3ut regression coefficient of ammual rainfall isg
not sicnificant,

During the period 1978-79, variability of rainfall
provided explanation for 31,02 per cent of variation in yield
of jowar, R value 0,557 is significant at 1 per cent level of
significance, Regression coefficient is also significant at
1 per cent level of significance, Variability of rainfall and
anmual rainfall together explain 31,24 per cent of variations in
vield of jowar, Contribution of annual rainfall i1s meagre in
the explanation, 0,22 per cent, R (0,559) is significant at
1 per cent level of significance., Regression coefficient
(-19,52) of variability of rainfall on yield is also significant
at 1 per cent level of significance, However, regression

coefficient of anmial rainfall is insignificant,

I
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It is evident from the preceding discussion that annual
rainfall and seasonal rainfall arc positively associated and
variability of rainfall is negatively associated with yield of
Jowar, Hence, research hypothesis 1s accepted, DBut explanatory

power oi anmual and seasonal rainfall 1s very weak, Other

rainfall parameters may better explain variation in yield of

CJe
O

3

. Ixplanatory power and correlation with seasonal rainfall

*.J-

!

s less than that of annual rainfall, This may be because of
the fact that jowar is also a rabi crop in some parts of

drought affected areas,

Rainfall Parameters and Yield of Gram

Correlation Matrix: Anmual rainfall is the only parameter of

rainfall which had significant correlation with yleld of gram
during 1968-69, It is low (+0.269), positive but significant
at 5 per cent level of significance, Correlation between
seasonal rainfall and yield of gram is negligible, Correlation
with variability of rainfall is negative, very low and
insisnificant,

During 1978-79, except annual rainfall, correlation
between other two rainfall parameters and yield of gram was
significant, Seasonal rainfall has negative and low correlation
(-0.32) with yield of gram which is significant at 1 per cent
level of significance, Variability of rainfall also has low

(+0.371) but significant correlation, Anmial rainfall exhibits
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Table 4,15

Gran Yield

Correlation tHatrices

1963-69
Y, X, Xo X3
1,000 ,258%* .021 -, 114
1,000 . 222 -.6°0
1.000 -.565
1,000
1978=-79

1.000 -. 188 -.320% « 371%

1,000 . 257 -. 491
1.000 e 579
1,000

* Sipnificant of 1 per cent level of significance

#*% Significant at 5 per cent level of significance

[oio 1ag



Table 4,16

Grann Yield

Stepwise Regression Analysis

Varia- o
ble R R™%100 1Increase 5 Regression  S,E,
in RZ2x100 = i Coefficient Reg, Coef. t Intercept
' 1968-69
Step 1 X, .258 6,66 - 067 5.,705%% 1,178 . Thl 2, 388%* 295,37
Step 2 X;  .263 6,92 0.16 058 2,933 2.039 .935 281
- : 257, 4
X3 .936 2,008 L66
1978-79
Step 1 Xz .371 13,76 - 138  12,801*% 8,068 2. 255 3, 578% 275,76
Step 2 X .393 15,44 1,68 v 7.225% 6,076 2,756 2, 20 L
£ 322,99

e
03

®% 3ignificant at 5 per cent level of

Significant at 1 per cent level of

significance

significance

IR
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low negative correlation with gram yield which is insignificant

too,

Stenwise Regression: Anmual rainfz2ll which is introduced at

first step expl=ained 6,66 per cent of variations in yield of
gran in 1968-69, R value is significant at 5 per cent level of
significance, Regression coefficient is also signilicant at

5 per cent level of significance, Variability of rainfall is
introduced at second step, It does not provide significant
explenation for the variation in yield, At second step these
two variables explain only 6,92 per cent of variation in yield

of pram which is insignificant, R2

values also suggest not to
include variability of rainfall in the exercise, Regression
coefficient of anmual rainfall is significant at 5 per cent
1ovel of significance but regression coefficient of variability

of rainfall is insignificant,

Variability of rainfall which had insignificant
correlation with the yield in 1968-69, explained 13,76 per cent
02 variation in gram yield in 1978-79, R value is significant
at 1 per cent level of significance, Regression coefficient of
variability of rainfall is significant at 5 per cent level of
significance, But regression coefficient of seasonal rainfall on
yield is ingsignificant,

It is evident from correlation and regression analysis
that anmial rainfall which had significant positive correlation
with the yield of gram in 1968-69, had insignificant negati#e

correlation a decade later, in 1978-79, Seasonal rainfall and
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variability of rainfall had si-nificant negative and nositive
correlations respectively, in 1973-79, These roinfall para-
meters had no correlation with vield of gram in 1968-69, Degree
of relationship with all rainfsall parameters is, however, low,
Positive correlstion between anmmual rainfell =nd yield of gram
iz Justified “ecause surplus 501l moisture in high rainfall zone
can be conserved for the gram cultivation, However, in drought
affected areas of south and south west India, conserved surplus
s0ll moisture is utilized to so0w some other crops such as Jowar

and groundnut, HNegative correlation with geasonal rainfall may
he because of the fact that seasonal rainfall for gram pertains
to the period Uctober to February, This season has consideratly
nigher rainfall in Tamilnadu, Andhra Pradesh and Karnataka
where gram is not only an insignificant crop, but its yield is
also low, Exclusion of these districts may show positive

correlation between yield and seasonal rainfall,

Rainfall Parameters and Yield of Groundmat

Correlation Matrix: Variability of rainfall had moderate‘

(=0.,529) negative correlation with yield of groundmut which is
sisnificant at 1 per cent level of significance, Both anmal
rainfall and seasonal rainfall had positive correlation with
yield of groundnut in 1968-69, Correlation with anmal
rainfall is significant at 1 par cent level of significance,
Though, seasonal rainfall has low correlation but it is

significant at 1 per cent level of significance,



Table 4,

Groundrut

17

Yield

Correlation

1963-69
Y, | X,

1,000 L a75%

1,000

1978-79 |

Y5 X4
1,000 =-.083
1,000

atrices

X

L L%
. 969
1,000

£y

e 074
. 970
1.000

~

e 529*
-. 600
-, 472

1,000

X5

-. 105
-.188
-¢397
1,000

*® Significant at 1 per cent level of significance

*¥% Significant at 5 per cent level of significance
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Table 4,18

Groundmit Yield

Stepwise Regression Analysis

V@fcjéa- R R%x100 %gcﬁgiﬁgo 15 P gggggiiiiﬁt géé; ggef. % Intercept
1968-69
Step 1 Xz .529 27.98 - .280 31,107% 215,524 2,783 ~5.577%  998.9L
Step 2 ¥z .56h 31.81 3,83 ,309 18,396% -11,26h 3,409 -3,208% s 5
X4 | 3,521 1,588 2,091%*
1978-79
Step 1 Xz .105  1.10 - 011 .855 -2,761 2,936 - .ok 752,66
3tep 2 Xz .186 3,46 2,36 .023 1.415  ~5,030 3,343 14505 981, 94
X, -1.788 1,285 -1, 391 |

* Significant at 1 per cent level of significance

*%  Significant at 5 per cent level of significance
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None of the rainfall p-roneters had sisnificant
correlation with yield of aroundnut in 1973-79, .11 of them

had very low negative correlations,

Stepwise Regression: Variability of rainfall -nich is

introduced at step 1 explained 27,98 per cent of variation in
vield of groundrut in 1968-60, 2 value 0,53 is sirnificant at
level of significance, Regression cocefficient of
variability of rainfall on the yield of groundnmut is also
sisnificant at 1 per cent level of gignificance, Anmial rainfall
which is introduced at second step offers 3,83 per cent of
explanation for variation in the yield of groundnut, Variebility
of rainfall and annual rainfall togeother erplain 31.81 per cent
of vari~tion in ~roundnmut yield, MYultiple corrclotion
chrefficient (0.564) is sienificant at 1 ner cent level of
.sirnificance, Regression coefficients for both, varinbility of
rainfnll and annual rainfall, are sipnificant at 1 per cent and

5 per cent levels of significance respectively, .

Rainfall parameter, viz annual rainfall, seasonal
rainfall and variability of rainfall, failed to explain
variation in yield of groundmut in 1978-79, Relationship shown
by correlation and stepwise linear regression is very low and

insignificant,

It is evident from the preceding discussion that
rainfall parameters, viz, annual rainfall, seasonal rainfall

and variability of rainfall,had moderate correlation with the
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vield of groundnut in 1968-69, Only two parameters, anmal
rainfall and variability of rainfall explained about one-third
of variation in the yield of zroundmut, Inclusion of some
other important rainfall parameters in the exercise may even
increase the ekplanatory power, 3ut these variables could not
explain anything in 1978-79, There may be non-linear
relationship between rainfall parameters and yield of groundnut
and hence linear regression could not be an aderuate tool of

analysis,

Rainfall Parameters and Yield of Cotton

Correlation Matrix: Table 4,19 shows that rainfall paremeters,

viz,annual rainfall, seasonal rainfall and variability of
rainfall, did not have any relationship with yield of cotton
in 1968-69, Correlation coefficients are very low and

insignificant,

However, these parameters of rainfall had significant
relationship with yield of cotton in 1978-79, Anmual rainfall
and seasonal rainfall have negative low correlations, signifi-\
cant at 1 per cent level of significance, Variability of
rainfall has positive low correlation, It is significant at

1 per cent level of significance.

Stepwise Regression: As shown in table 4,20 rainfall para-

meters did not explain any variation in the yield of cotton
in 1968~69, Correlation coefficient and regression coefficient

are ingignificant and very low,



Table 4,19

Cotton Yield

Correlation llatrices

1968~69
Y2 X1 X2 X3
1.000 -.,003 -, 106 .085
1 .OOO 0938 e 600
1,000 -. 1426
1,000
1978=79
Y2 X1 XZ X3
1,000 =-,365% -.375%  ,286%
1 .OOO 0965 -0168

1 .OOO ~e 373
1,000

* Significant at 1 per cent level of significance

*¥¥ Significant at 5 per cent level of significance



Stepwise Regression Analysis

Table 4,20

Cotton Yield

Varia-

Increase

2 . 2 .
ble R R“x100 in R4x100 R F Regression S,E, of i
Coefficient Reg, Coef, t  Intercept
1968-69
Step 1 X, L1006 1,12 . 906 -.302 . 318 -.952 114: 17
Step 2
1978-79
Step 2 X, 407 16,56 2,56 .155  7.825% -1,292 . 460 -2,808%
189,30
X3 1,712 1. 114 1.536 '
#* Significant at 1 per cent level of significance
#%  Signifiicant at 5 per cent level of significance
St
R
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Jeasonal rainfall is introduced at first step and
axnlnins 14,06 per cent of variation in yield of cotton in
1°72-79, R value is simificant at 1 per cent level of signi-
ficance, Regression coefficient (-1,56) is also significont at
1 per cent level of significance, Variability of rainfall Joined
seasnmal rainfall at second step and torether ekplain 16,56 per
cent of variation in yield of cotton, Variability of rainfall
raises the explanatory power by 2,56 per cent, R value is
sisnificant at 1 per cent level of significance, Regression
coefficient of seasonsl rainfall on yield of cotton is signi-
ficant at 1 per cent level of significance, 2But resression
coefficient of variability of rainfall on yield of cotton is

insignificant,

It is evident that rainfall parameters included in the
study failed to explain variation in yield of cotton during
1968-69, However, during 1978-79, these parameters have
significant correlation with cotton yield and seasonal rainfall
ard variability of rainfall together expléin one sixth of
variation, Yield of cotton has inverse correlation with anmial
rainfall and seasonal rainfall and positive correlation with
variability of rainfall, Thus the research hypothesis stands
rejected and implies that higher anrmial rainfall or seasonal
rainfall has adverse effects on cotton yield and it can give

higher yield even in badly drought affected areas.

Except the case of cotton and gram (1978-79) combination

of annual rainfall and variabili-y of rainfall offer higher
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explanation than that of seasonal rainfall and variability of
rainfall, ft may be possible in the case of Jowar and groundmut,
because these crops are sown in rabl season too in ilaharashtra
ard other parts of south India, Hence,rainfall concentrated in
the period, June to September, may not explain much variation in

yield,

Summineg Up

It is evident that area under bajra in drought affected
areas of the country is concentrated in low rainfall and badly
droucht affected areas, Its acreage decline with increase in
rainfall and rainfall reiiability, Amount of seasonal and
anmual roinfall has positive influence on yield of bajra.
Correlation and fegression exercises for 1978-79 indicate
possible non-linear relationship between crop yield and rainfall
parameters, Explanatory power of rainfall parameters is high
to explain variation in area under this crop, Area under jowar
is positively influenced by amount of anmual and seasonal
rainfall and inversely by variability of rainfall, though
their explanatory power is not high, Anmial and seasonal rainfall
have positive influence on the crop yield, Yield is low in
highly unreliable rainfall zones, These rainfall parameters
explain one-third to one-fourth of variation in yield of jJowar,
Seasonal rainfall, October to February, has adverse affects

on the area under gram because farmers of south India, which

have higher rainfall during this seas a prefer to sow crops
) ]
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other than gram because of prevailing agro-climatic conditions,
Annual rainfall and variability of rainfall do not influence

crop acreage, sxplanatory power of rainfall parameters is low,
Gram yield is inversely related with seasonal rainfall, Its
vield is considerably higher where occurance of raiﬁfal is

less reliable, Rainfall parameters, however, have low explanatory
nower, Annual rainfall has adverse eff~cts on area under
groundnut, Area under groundnut is higher in unreliable

rainfall zones, Rainfall paramneters offer low expl-nation for
variation in area under groundmut, Amount of anmual and seasonal
rainfall have positive effect on yield of groundnut, 'Its yield
is low in the areas where rainfall is unreliablé. Correlation
and regression for 1978-79, however, is insignificant, This
miszht be because of non-linear relationship., Rainfall parameters
do not h=ve much influence on area under cotton, Only seasonal
rainfall has positive influence on cotton acreage, Its
explanatory power is, howéver, low, Amount of annual and
seasonal rainfall has adverse e fect on yield of cotton., It

cives better yield even in scanty and unreliable rainfall zone,

This study could be gstrencsthnened by inclusion of some
o. other important rainfall paraneters, as onset and withdrawal
0f rainfall, frequency of wet and dry spells, number of rainy
days, and intensity of rainfall, There might be possibility of
non-linear relationghip, particularly in the case 0of yield of

hajra and groundnut in 1978-79,
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CHAPTER V

SUMMARY OF CONCLUSION

Agriculture still remzins the dominant sector in the
econony of India,'as it provides employment to the vast segnent
of population, food to masses and raw material to agro-based
industries, One time flourishing agricultural economy of the
country experienced severe colonial exploitation, Downward trend
in foodgrains production during pre-independence period was
reversed after independence, But initially, not much emphasis
was laid on agricultural devélopment owing to greater emphasis
on developing industrial infrastructure, Agriculture production
increased because of physical extension of cultivated land,
éevere and consecutive droughts in 1965=66 and 1966-67 proved
the vulnerability oangriculture to climatic &agaries,
Consequently new agriculture technology, which was initially
tried as a pilot project in seven Intensive Agricultural District
Programmes (IADP) districts in 1966—61, was extended for the
entire country in mid sixties added with high yielding varieties
of seeds, But this package technology could not influence the
rainfed agriculture which accounts for about 70 per cent of
cultivated land in the country, Punjab, Haryana, western Uttar
Pradesh and coastal areas of Andhra Pradesh and Tamilnadu have

benefitted by green revolution,
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Drought prone or dry areas are still lagging far behind,
Agricultural productivity is not stable and traditional drought
resistant crops continue to occupy major proportion of cultivated
land in these areas, Level of yield and cropning pattern are
largely influenced by climatic conditions, particularly rainfall
parameters, Irrigation, which forms ‘the base for introduction
of modern technological inputs in agriculture Has made very
little progress, Hence, rainfall parameters are very important
in creating differences in agricultural productivity in drought
orone areas.

A universally acceptable definition of drought could
ﬁot be evolved because of diversity of drought as a phenomena
in space, However, it is generally accepted that drought is
caused due to negative deviation of rainfall from the mean,

In India, drought prone areas occupy vast areas in Rajasthan,
Gujarat, lMadhya Pradesh, rainshadow areas of Maharashtra and
{arnataka, and parts of Tamilnadu, Andhra Pradesh and gouth
west Haryana, Eighty-two districts, spread over these eight
"states, have been identified as droughﬁ prone, These drought
prone districts fulfil the criteria of anmual rainfall less
than 100 cm., share of gross irrigated area in gross cropped

area less than 30 per cent (1976-77) and coefficient of

|
[

variation of anmual rainfall more than 20 per cent, This study,
however, does not lay much emphasis on problems of definition

and criteria of identification of drought prone afeas. ObJjective
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of this study, as expressed earlier, is to examine spatio-
temporal variations in yield level and area of some selected
rainfed crops (bajra, Jowar, gram, groundnut and cotton) and
influence of rainfall paraﬁeters on them in drought affected
areas, Linear stepwise regression technigue has been used to
examine degree and nature of relationship as envisaged in the
hypothesis,

The five crops selected for the study are major crops
of drought prone areas, as they occupied 55,52 per cent of gross
cropped area in 1977—@0. Except gram, more than two-third of
the acreage under these crops in the country lies in drought
prone areas,' About one-third of area under gram lies iﬁ this
re gion..

Drought prone area is the major bajra growing region,
It accounted for 68,36 per cent of area and 50,88 per cent of
production of crop in the country, Bajra cultivation is mainly
confined to low rainfall areas of western and north western
Ra jasthan, norfh western Gujarat and south western Haryana
which account“for 71.3 per cent of area under this crop. In
fact, drought prone districts of Rajasthan account for more
than 50 per cent of the area and 27,26 per cent of production
of this crop, Bajra is a monoculture in western parts of"
Rajasthan, i.e, Jaisalmer and Barmer districts, Arid climate
of this region, having anmual rainfall less than 50 c,, is

agronbmically suitable for cultivation of this drdught resistant
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crop, However, yield level of bajra is very low in this moisture
deficit region, Its yield level in drought prone areas is much
less than the average yield in the country., There are wide
variations in yield level of the‘crop in the region, Apart
from Rajasthan, south west Haryana also has low yield of bajra,
Bajra growing districts of Gujarat, Tamilnadu and districts of
Karnataka and Madhya Pradesh have high yield level, Bhavnagar
district of Gujarat hzs highest yield in the region, i,e,
1538 kg/ha, High yield level in Gujarat can be attributed to the
adoption of high yielding varieties of seeds, GuJarat has
registered high grbwth rate of yield, while it has declined in
eastern Rajasthan and south west Haryana, The low base (1967-70)
is the cause for high grbwth rate of yield registered in western
Ra jasthan,

Drought prone areas occupied 68,64 per cent of area
and contributed 68,54 per cent of Jjowar production in the
country, Jowar occupiés about 20 per cent of GCA in drought
prone areas, Maharashtra, south east Rajasthan, south west
Madhya Pradesh, uplands of Andhra Pradesh, Karnataka plateau
and uplands of Tamilnadu are Jowar growing regions, Drought
prone districts of Maharashtra, Karnataka and Andhra Pradesh
account for 75,31 per cent of area under this crop, Drought
prone region of Maharashtra.is major Jowar growing area, as
it accounts for 47.3 per cent of crop acreage in drought prone

areas, Crop acreage has declined both in drought prone areas
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and country over the period 1967-70 to 1977-80, however, it is
ranid in case of latter, Percentage share of the crop in GCA
has also declined except in Maharashtra and Karnataka, Yield
level of crop in dfought prone arcas is almost the same as in
the country, Most of the Jjowar producing areas of peninsular Indias
.have registered high yield level, Maharashtra which accounts
for 53,25 per cent of the crop production in drought prone
areas has high yield level, 805 kg/ha, Yield level is medium
in Madhya Pradesh and low in Rajasthan'énd south west Haryana,
Yield has witnessed moderate growth rate in peninsular areas
but has declined in Madhya Pradesh, Gujarat and western

Rajasthan have registered high growth rate in yield level,

Drought prone areas accounted for 31,27 per cent of
area and 31,35 per cent of production of gram in India during
1977-80, This crop occupies only 4,08 per cent of GCA in
‘drought prone areas, Gram acreage is concentrated in eastern
Ra jasthan, south-west Héryana and north west Madhya Pradesh,
Drought prone districts of these states account for 76,09 per
cent of area and 85,43 per cent of production of gram in drought
prone areas, Gram acreage has declined in the country (by
-0, 19 per cent per anmum) over the period 1967-70 to 1977-80,
however, it has increased slowly in drought prone areas
(by 1,36 per cent per anmum), Proportion of area under gram
in GCA has increased in wéstern Haryana and north west Madhya

Pradesh and it is constant in eastern Rajasthan., Gram growing
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areas of eastern Rajasthan and south west Haryana have high
yvield level of the crop, Yield level of the crop is mediumin
north west Madhya Pradesh, Eastern Rajasthan has registered
moderate growth in yield level, while it has declined in south
west Haryana and north west Madhya Pradesh, Drought prone areas
of peninsular India, where gram is not a important crop, have

registered low growth rate of yield,

Groundmut which is a rainfed crop, is a major oilseed
crop in drought prone areas of the country. Drought prone areas
account for 64,54 per cent of area and 60,10 per cent of
nroduction of groundmut in the country, 8,43 per cent of GCA
in the region has been devoted to this crop, Drought prone
districts of Gujarat, Andhra Pradesh and Karnataka are major
groundmut sowing areas, occupy 72.07 per cent of crop acreage
in the region, Drought prone districts of Gujarat alone account
for 40,17 per cent of the crop acreage in the region, Groundnut
growing areas of Gujarat have light clay well drained soils
and moderate rainfall (50 an to 75 em), While in south it is
sown in red and black soils region, having comparatively higher
rainfalle yield level of the crop in the region is 68 kg/ha
less than its average yield in the country, It is high in
Gujarat, south Karnataka, Tamilnadu and parts of Andhra Pradesh,
It is medium in most parts of rest of the region, Yield has

increased at low growth rate in the region, It has increased
/
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at moderate growth rate in major groundnut producing areas and

declined in lMaharashtra and Madhya Pradesh,

Cotton, a major industrial crop in India, occupies
9,90 per cent of GCA in drought prone areas, 69.85 per cent
of cotton acreage of the country lies in this region and it
accounts for 53,69 per cent of the crop production, There are
wide spatial variations in terms of area and yield of this
crop, It is an important crop in south central Gujarat, north
east Maharashtra, adjoining distriots of Madhya Pradesh, and
some districts of Karnataka and Andhra Pradesh, Black soil
region of Maharashtra and Gujarat is famous cotton region in
the country, Black soilsg are sultable for cotton cultivation
as they are fertile, well drained qnd have high moisture
retention capacity, 82,51 per cent of area under cotton in
drought prone areas is confined to Maharashtra, Gujarat and
Karnataka, Area under this crop has declined in drought prone
areas, though it is constant in the country. Percentage share
of area under cotton in GCA has declined in major cotton
growing districts of Maharashtra and Gujarat, Yield level of
this crop in drought prone areas is 38 kg/ha less than the
average yield in the country., .Among cotton growing areas,
yield level of the crop is high in Gujarat, parts of south
west Maharashtra and Karnataka, By and large yield level of
the crop is low in drought prone areas of Maharashtra, Karnataka,

Andhra Pradesh and Madhya Pradesh, Yield level of the crop is



125

high in most of the drougﬁf prone districts of Tamilnadu, Haryana
and Rajasthan where it is not an important crop, Cotton yield

has increased at'high growth rate in most of drought prone
districts of Karnataka and some districts’of Gujarat, Andhra
Pradesh and Maharashtra, Drought prone areas of Gujarat and
Maharashtra as a whole have registered low growth rate in

yield, while it has witnessed decline in Madhya Pradesh,

It is evident from spatial pattern of yield and area
of five selected crops that drought prone areas of Gujarat and
T=amilnadu are doing better, Widely grown crops in these areas
have witnessed high yield level, 1In western Rajasthan, where
bajra is a dominant crop, yield level is very low, Yield level
of this crop is low in eastern RajJasthan too, but gram yield
'is high, Except jowar and gram which have high yield level,
yield is low for bajra, groundmut and cotton in drought prone
area of Madhya Pradesh, Yield of all the five crops has
declined in this state, Except Jjowar, yield of remaining crops
is low in Maharashtra, Jowar has régistered high yield level
in Karnataka, however, groundnut and cotton have low yleld,
Drought prone areas of Andhra Pradesh have high yield of Jjowar,
mediun yield of groundmut and low yield of cotton, South west
Haryana has registered low yield level in bajra but high yield

level in gram, Yield of both the crops has declined over the

period 1967-70 to 1977-80,

Area under bajra is inversely correlated with amount

of anmual and seasonal rainfall and p-sitively with rainfall
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variability, Correlation coefficisnts between rainfall parameters
and area under bajra are high.l Hence,bajra is a dominant crop

in scanty rainfall and drought frecuented areas of western and
north western Rajasthan and south western Haryana, Seasonal
rainfall and variability of anmual rainfall explained 63,84

per cent and 49,56 per cent of variation in area in 1968-69 and
1978-79 respectively. Increase in amount of annmual and seasonal
rainfall has positive influence on the yield of bajra, Annual
rainfall and variability of rainfall explained 20,25 per cent of
variation in yield in 1968-69, Low and insignificant correlation
in 1978~79 indicates towards possible non-linear relationship

between yield of bajra and rainfall parameters.

Area uﬁder Jowar is positively influenced by increase
in amount of anmial and seasonal rainfall and inversely by
variability of rainfall, Seasonal rainfall and variability
of rainfall have low explanatory power as they explained 23,62
and 26,21 per cent of variation in area under Jjowar in 1968-69
and 1978-79. Amount of anmual and seasonal rainfall exhibits
positive and variability of rainfall exhibits negative correlation
with jowar yield, Anmual rainfall and variability of rainfall
together expléined 25.81 per cent and 31.24 per cent of variation
in jowar yield in 1968-69 and 1978-79'?e§pectively.

LY

Seasonal rainfall occurring befﬁeen October and
et .
February has negative correlation with area under gram, It is
because 0f the fact that drought prone areas of south India

receive comparatively higher rainfall during this season,



Because of unfavourable agro-climatic conditions for gram,

other crops such as groundmut and Jjowar are preferred in this
region, Gram growing areas of Rajasthan,‘Haryana and Madhya
Pradesh receive very low rainfall during this season, Area
under this crop is not influenced by annual rainfall and
variability of rainfall, Explanatory power of these variables

is rather low, Annﬁal rainfall has been found to have positive
influence on gram yield in 1968-69, While, seasonal rainfall

had negative correlation with gram yield in_1978-79. Variability
of rainfall is positively correlated with the yield, Variability
of rainfall and seasonal rainfall explained only 15,44 per cent

of wvariation in yield in 1978-79,

Rainfall parameters had insignificant correlation
with area under groundnut in 1968-69, Variability of rainfall
and amount of anmual rainfall explain 13,32 per cent of
variation in grodndnut area, Anmual rainfall had positive and
variability of rainfall had negative correlation with the
ar=a under this crop in 1978-79, Yield of groundmut had
positive correlation with amount of annual rainfall and negative
correlation with variability of rainfall in 1968-69, 31,81
per cent of vériations in the yield was explained by variability
of rainfall and anmial rainfall, Correlation with all rainfall
parameters was, however, insignificant in 1978-79, This might

be because of inherent non-linear relationship,
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Anmual rainfall and variability of rainfall have
insignificant correlation with area under cotton. Seasonal
rainfall had, however, significant correlation with crop acreage
in 1968-69, Amount of seasonal rainfall and variability of
rainfall offer a meagre explanation, 8,64 per cent, for variation
in area under cbtton. Cotton yield had insignificant correlation
with rainfall parameters in 1968-69. Yield was positively
correlated with variability of rainfall and negatively with
amount of annual and seasonal rainfall in 1978-79. Seasonal
fainfall and variability of rainfall explain only 16,56 per cent
of variation in yield.

It is evident from the study that rainfall parameters
(amount of annual and seasonal rainfall and variability of
rainfall) owe major responsibility to cause variation in area
and yield of selected crops in‘drought prone areas, However,
these rainfall pérameters do not offer adequate explanation for
‘gram, groundmut and cotton, But this does not imply that rainfall
parameters exert less influence on acreage and yield of these
crops, This shortcoming can be overcome by taking in account
other parameters of rainfall, choosing small érea of study which
hag minimum diversity in terms of physical and socio-economic

factors and trying non-linear regression techniques,

Other parameters of rainfall such as frequency of
wet and dry spells, onset and .withdrawal of monsoon, rnumber of

rainy days and intensity of rainfall could not be taken into.



199

account in the present study, because of non-availability of
data, These parameters of rainfall have significant influence
on cropping pattern and yield of crops in drought affected
areas, Hence,inclusion of these rainfall parameters in the

exercise may even strengthn the explanatory power.

Study area is comprised of 82 districts, spread over
northern Rajasthan and western Haryana in north to Tamilnadu in
south, This vast drought prone area of the country has diversity
of envirommental, socio-economic and institufioﬁal factors,
These factors influence cropping pattern and yield of the
crop, For example, gram cultivation is concentrated in eastern
Rajasthan, south west Haryana and north western lladhya Pradesh
because of the fact that this region has relatively higher
rainfall in monsoon season which is conserved for gram
cultivation in rabi season, This crop requires moderate
temperature which is available in this region druing winter,
Groundrut is sown on light clay soils of Gujarat, however,
rainfall in this region is low as compared to south, Black
soils of Maharashtra and Gujarat grow cotton, Hence, a region
having more or less a uniform distribution of various environ-
mental, socio-economic and institutional factors should be

chesen for such a study,

Relationship between rainfall parameters, and area and

vield of crops has been analysed with the help of linear
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regression, However, there may not be linear relationship,
Hence, curvilinear regression should be tried for this kind of
exercise,

‘Drought prone areas constitute a major part of arid
and semi-arid land in the country, These areas offer a great
potentiality for agricultural development, Yield level of major
crops of drought prone areas is less than the average yield
level in the country, Yield and cropping pattern in these areas
by and large depend on various rainfall parameters., Climatic
vagaries put hindrance in development of agriculture, Hence,
climatic characteristics of these areas should be studied in
depth and cropping pattern should be adjusted with the moisture
availability, Seeds of the rainfed crops should be manipulated
in such a way that these can Bear stresses and strains of
s0il moisture deficit, Management practices should be evolved
so that the available water resources in the region could be

conserved and utilized Judiciously,

L 2N BN 2R By}
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Drought Prone Districts ¢f India

1 2 3 4 5
S.No. Name of District Normal -CeVeof Irrigation
o Annual Annual percentage

Rainfall Rainfall of GATI in
{cmw) _ GCA
(1976-77

1. Bhiwani 43.57 34 19.7
7 Mahendragarh 55.34 34 1¢.3

Gujarat
3. Ahmedabad 62.58 40 15.2
4., Amreli 50.0¢ 45 7.2
5. Kutch : 32.22 2 9.9
6 e Jamnagar 47.11 55 2.3
7. Junagarh 62432 67 12.4
3. Banaskantha 6Z.65 54 19.5
9. Broach S4,97 35 7.8
10. Bhavnagar : 5¢.33 41 1¢.8
11. Ra jkot ' 59,43 45 13.6
1z, Baroda 91.66 35 1¢.2
13. Szbarkantha 79.472 40 25.8
14. Surendernagar 48.70 40 8.8

Maharashtra
15. Dhule 57.40 2 10.2
16. Jalgaon T4.40 29 15.4
17. Ahmecnagar 57.88 34 ig.0
i8. Satara 80.32 24 17.6
19. Sangli 62.48 27 12.7
20. Sholapur 58.43 28 12,7
21. Aurangzbad 72.58 30 12.4
224 Parbhani £2.10 31 5.1
23. Beed ' 66.80 30 11.5
24, Nanded 90.11 29 5.5
25. Osmanbad 80.99 30 14.5
26. Bulchana 80.28 27 3.9
27. Akxola 84.65 26 2.5
28. Amravati - 87.73 26 4.6
29. Yeotinal 2¢, 16 24 8.9

gilggthan
30. Ajmer 52.73 43 26.1
31. Alwar 61.61 35 20.1

32. Ranswara 092.24 37 7.0



1 2 3. 4. 5
33. Barmer 27.75 58 0.9
- 34. Bharatpur 67.15 34 19.3
35. Bikaner 26.37 50 2.0
36. Chittargsarh 85.21 35 26.0
37. Churu 32.55 40 0.1
38. Dungarpur 76.18 37 10.0
38, Jaisalmer 16.40 58 0.0
40. Jalore 42,16 5¢& 15.2
41, Jhunjhunu 44,45 36 5.5
42, Jodhour HER X 5% EXR!
43, Kota 88.56 35 25.3
44, Nagpur 38.86 45 3.4
45, Pali 49.04 50 26.9
46, Sawai Madhopur 68.¢2 38 1¢.3
47. Sikar 46.61 38 2,38
48. Tonk 61.36 41 16.96

Madhya Pradesh
4G, Indore €8.00 29 11.7
50. Ratlam 89.59 26 S22
51. Ujjain 8%.2 33 5.8

Ze Mandsaur 8Z2.45 35 13.2

53. Dhar 83.33 32 7.0
54, Jhabua 82.80 34 3.3
55, West Nimar 83.15 32 8.6
56. East Nimar 88.00 30 6.2
57. Bhind 66.83 32 27 .4
58. Shivpuri 81.63 3 15.5
59. Datia 73.9¢ 31 15.0
60. Rajgarh 90,07 31 5.3
61l. Shajapur 97.72 31 7.4

Andhra Prszcdesh
62. Kurnool 52.20 26 12.4
53. Anantpur 54.40 31 18.0
64. Hydrabad 77.3 29 20.1
65 Medak 88.60 2 26.1
66. Mehboobnagar 70.50 26 16.2
67. Adilabad 95.10 24 8.3
68.

Karnataka
68. Bangelore 77.73 22 20.1
6%. Belgaum 79.132 22 15.5



1 2 3 5
7. Bellary 57.17 28 20.0C
71. BRidarx 85.70 29 5.5
72. Rijapur 56.99 30 7.9
7%. Chitradurga 56,58 26 1¢.0
T74. Dharwar 58.44 25 8,2
75. Gulkerga 71.77 25 2.6
T6. Kolar 72.06G 2 26.1
77. Mysore 75.75 22 15.0
8. PRaichur 57.93 30 16.5
7S. Tumkur 66.87 24 18.8
Tamdilnadu

89. Salem 84,24 24 25.5
1., Dharmapuri 84,43 24 14.6
BZ. Tiruchirapslli 86.78 zZ5 28.6



Apd. II
DROUGHT ZRONE DISTRICT (IKDIA)

Arez under crop as progerticn to CGross Cropsed Area (Per cent)

fogbe

S. District/ Baijra Jowar Gram Grouncnut Cotton
No. State (a) (L) (2) (b) (a) (b) (a) (b) (a) (b)
£7=-70 77-80 67=-70 1%¥=-80 57=70 7T7-80 6770 77-80 6770 T77-80
1. 2 3 3 4 5 : 6
HARYANA
1. Bhiwani 24,0 40.1 2.5 0.6 5.1 2545 .0 0.0 11.0 1.8
2. MeGerh 47.3 3647 2e06 1.2 23.5 272e % 0.0 0.1 0.0 0.0
G od e = L.E
3. Jamnagar 16.5 9.8 18,1 1047 0.1 Col 5147 63.3 3.1 4.5
a, Rajkot 14.0 7.1 12.3 8.5 D1 0.1 51.5 54,0 12.5 19.1
5 S.Nagar 1.6 13.0 1¢.1 14.7 0.2 Ueb Teb 5.l 44 .3 53.7
6. Bhavnagar 20.4 1¢.1 15.7 13.1 0.1 Cel 29.1 31.7 55 14.92
7. Amrelid 24,5 15.7 12.4 10456 0.0 Gal 44,72 55.2 2.7 7.6
8. Junagarh 12.3 5.5 7.7 4.6 0.5 ~ (.5 52.1 56,7 5.3 5.9
9. Xutch 24 .4 15.4 18.3 11.0 D.0 0.0 7.l Te5 SRS 1543
"n_. Banaskantha 44.9 29.6 12Z2.2 11.1 O« 72 0.2 (a3 CeZ T3 2.0
Lie oabarkzantha 1%.0 10.8 4,4 1.7 0.6 .0 18.6 i5.4 34,77 2541
12. Ahmedabad 13.8 10.3 17.4 11.1 0.2 1.2 2.4 1.5 34.5 22.3
13. Vvadodara 4.0 3.4 10.8 10.2 0.3 0.4 3 3.1 45,6 3.8
14. Brauch 2e2 1.5 17.9 21.9 0.1 0.3 2.1 .1 50.9 3146
MAHARASHTRA
15. Dhule 23,1 16.7 17.3 24.1 1.2 - 1.3 12,6 12.2 10.6 Tet
16. Jalgaon 10.6 .3 18.92 25,4 0.7 0.8 6.3 8.6 2568 17.5
17. Ahmednagsr 27.4 20.7 37.3 46,7 1.6 l.6 1.8 1.4 2.2 1.0
18, Satarsa 15.5 15.5 19.2 35.4 1.2 2.0 549 .7 0.5 1.1
1¢. Sangli 21.8 1l4.¢ 31.7 35,2 1.5 RT3 1z2.¢ 7.7 Og e Cad
20. Sholapur 9.5 4.8 60.6 52,7 1.8 2.5 Hel 242 0.8 1.1
Z2l. Aurangahkadc 16.6 .13.3 27.2 33.2 2.8 7. G Ze8 2.1 15,3 10. 2
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22. Parbhani 0.7
23. BReed 15.0
24, Nanded {0043
25. Osmanbad 2.6
26. Buldhana 1.2
27. Akola 0.8
28. amrawati 1.0
29. Yeotmal 1.4
RAJASTHAN

30. Ajmer 13.
31, Alwar 2

3.2
5.2
32. Ranswara 0.0
33. Barmer 7767
34, Bharatpur Z21.7
35. Bikaner 41.0
36, Chittergarh 0.0
75

0.1

g.1

37. Churu 37.
3¢. Dungarpur .
39. Jaisalmer ga.
40, Jalore 59.7
41. Jhunjhunu 44,3
42, Jodhpur 55.2
435. Kots D45
44, Nzgaur 45,6
45, Pali 22,

&e. Se.Macdhopur 2
47, Sikar 4
48. Tonk

MADHYA PRADESH

4¢., Indore 0,3
52. Ratlam 2.5
51. 1.8

Ujjain
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Appendix II conid...

. Mandsaur
« Dhar

54, Jhabusa

55. WeNimar

56. E.Nimar

57. Bhind 1
58. Shivpuri

59, Datia

60. Rajgarh

6l1. Shajapur

CORRRPBODD»WO

s @ o & ¢ * o o s o

NOMNMMNMNOWWORHO

ANDHRA PRADESH

62. Kurnool 2.9
6$3. Anantpur 7.3
564, Hydrab=d 2.4
65. Medak - C.9
65. Mehboobnagar 5.6
67. Adilabad 0.0
KARNATAKA
68. Banglcre 0.0
6%« Belgaum 9.1
70. Bellary 4.9
.71, Bidar 3.6
72. Bijapur 15.3
73. Chitradurga 5.0
74. Dharwar D¢ 2
75. Gulberga 8.1
76. Kolar 2.4
77. Mysore 0.3
78. Raichur 5.2
7¢. Tumkur 0.5
TAMILNADY
80. Salem 10.2

81. Dharmapuri 3.0

82. Tiruchirappli 12.5 13.4
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% &

ArPENDIX 1II1

DROUGHT PROLE DISTRICTS (INDIA)
Yield of Selected Crops
(Yield in Kg/ha)

1 2 3 4 5 6 7
. Ground Cotton
. 8. District Bajra Jowar "~ Gram nut
No. a. b a b a b a b a b

67=70 77.80 67-70 77+80 67-70 77-80 67-70:77-80 67-70 77-8(

HARYANA 389 155 190 146 908 823 1186 1000 237 263
1. Bhiwani 4872 150 199 158 914 831 1186 - 237 263
2. li.Garh 217 165 156 146 886 8027 - 1000 - -
3

GUJARAT 545 805 248 488 525 516 602 €96 155 183
3. Jamnagar 553 694 97 221 501 564 509 756 170 308
4. Rajkot 522 706 145 429 529 524 482 740 183 282
5. S.Nagar 178 304 83 113 552 523 384 637 31 153
6. Bhavnagar 708 1538 144 338 522 500 595 1059 195 197
7. Amreli 329 1348  21% 543 665 SB2 584 954 172 255
8+ Junagarh  6%6 1516 461 892 505 524 893 1196 197 307
9. Kutch 360 717 79 421 1000 433 533 821 169 189

10. Bansware 463 535 225 809 538 516 578 542 138 304
11. Sabar-

kantha 832 439 342 609 532z 523  &5H 562 96 148
12. ahmedabad 730 727 170 295 509 498 432 489 142 137
13. vadodare 594 523 841 805 512 523 555 644 243 161
14. Brauch 701 599 540 700 471 530 553 649 177 114

MAHARESHTRA 282 356 552 805 283 351 664 610 83 99
15. Dhule 443 599 540 777 376 438 518 559 90 124
16. Jalgaon 355 581 756 1362 351 542 666 636 96 123
17. Ahmednagar 240 252 372 504 304 410 501 772 114 256
18. Satara 289 216 632 875 378 383 1132 1789 265 264
19. Sangli 127 189 642 803 333 441 508 706 162 186
20. Sholapur 167 205 378 386 284 314 525 632 232 291
21. Aurangabad 306 370 471 734 257 360 410 4690 g4 119
2Z. Parbhani 330 466 538 772 256 204. 822 616 76 99
23. Bhir 359 438 566 831 303 352 671 601 77 127
24. Nanded 303 492 736 1077 306 291 770 479 87 96
25. Osmanbad 325 409 594 992 2472 365 671 561 83 115
25. Buldhana 278 420 761 1356 250 294 479 386 88 189
27. Akola 281 404 726 856 264 255 621 554 66 78
28. Amrovati 272 377 630 1176 21 192 6569 728 .89 g2

29. Yeotmal 289 398 591 925 277 345 676 514 11 93



NS

1 2 6 7
RAJASTHAN 175 185 280 300 5% 787 522 511 103 14
30. Ajmer 329 305 81 53 314 474 297 353 112 197
31. Alwar 365 395 208 340 858 1178 &6 526 99 223
32. Banswara 271 180 365 579 512 619 430 586 11 62
33. Barmer 76 140 80 132¢ TG91 612 - 570 141 224
34, Bharatpur 42¢ 411 147 194 937 1087 224 437 119 221
35. Bikaner 53 74 43 344 662 611 - 276 170 218
36. Chittergarh241 176 412 695 528 491 628 622 107 132
37. Churu 113 26 46 386 3¢9 398 - 582 - 221
38. Dungarpur 240 177 312 583 650 721 404 559 121 222
39, Jaisalmer 10 62 121 216 798 576 - - - -
40. Jalore 133 163 82 190 784 578 347 630 123 195
41. Jhunjhunu 278 69 188 129 504 268 161 555 170 231
42, Jodhpur a1 163 65 281 739 593 98 515 117 2272
43, Kota 253 176 528 4¢3 507 713 657 5717 135 2327
44, Nagaur 122 172 53 197 543 479 2477 479 125 218
45, Pali 128 175 446 172 749 615 159 544 129 162
46. S.tiedhopur 415 356 343 320 702 863 784 555 125 219
47, Siker 388 203 213 296 762 932 25 527 180 210
48. Tonk 3¢¢ 298 230 180 443 5598 337 453 128 21¢
MADHYA
PRADESH 415 408 588 543 572 549 674 566 83 72
4G, Indore 505 360 771 796 475 572 5886 558 66 65
50. Ratlam 362 537 729 544 446 418 712 566 51 74
51. Ujjain 403 536 832 821 505 460 780 666 70 5 4
52. HMMandsaur 417 534 561 512 504 538 715 474 71 51
53. Dhar 341 283 505 453 454 482 612 549 89 94
54, Jhsbusa 2¢4 357 577 581 422 497 540 388 96 71
55. W.Nimar 309 141 688 585 517 469 747 597 103 8¢
56. E.Nimar 474 346 726 676 546 538 609 475 72 5§
57. Bhind 632 604 864 812 399 757 - 500 - -
58, Shivpuri 498 624 442 425 569 608 725 669 97 30
59. Datisa 462 580 604 7929 463 526 - 6572 - -
60. Rajgarh 307 476 708 582 538 4777 628 468 90 6
61. Shajapur 4256 557 517 847 517 623 671 671 84 51




1 2 3 4 5 5 7

ANDHRA

PRADESH 363~ 463 470 540 258 390 621 763 62 82
62. Kurnocl 528 403 426 728 298 497 6531 713 52 73
63. Anantpur 410 55¢@ 378 626 217 367 640 816 38 123
64. Hydrabad 308 432 47719 714 260 151 581 800 92 “5
65. Mecak 284 318 574 A5 3 264 350 ana FAd 112 o3
6. Medak 303 370 458 574 263 331 573 58 45 207
67. Adilasbad 277 315 544 590 204 351 612 546 G2 86

KARNATAKA 312 446 500 782 410 423 650 721 59 129
8. Banglore 304 - 2351 2060 406 414 724 1038 571 -
69. Belgaum 221 236 574 812 433 479 52¢ 612 45 169
70. Bellary 394 600 689 1007 439 443 g61 1169 64 158
71 Bidar 403 447 528 1015 486 522 662 420 56 147
72. Bijspur 269 338 4446 5356 766 322 538 421 42 108
73. Chittradurga 324 545 1122 1698 447 435 724 1459 61 103
74. Dharwar 3z2 409 816 1398 292 309 572 564 65 95
75. Gulberga 349 511 545 636 410 398 498 58¢ 71 112
76. Kolar 316 439 10¢3 1476 435 422 200 861 - 579
77. Mysore 311 743 616 982 438 421 1021 1128 59 280
78+ Raichur 371 738 541 670 410 409 818 602 62 166
7¢. Tumkur 309 498 1097 937 418 404 502 Q47 58 361
80 ’

‘Tamilnadu g56 703 100 780 SHo  s¢3 174 H6T 257 262
80 Salem. 634 634 779 594 541 586 818 1170 241 263
8l. Dharmapuri 582 280 813 1202 532 579 848 1267 235 190
82. Tiruchirzpalli

667 703 611 694 566 611 755 1075 282 214



fpd- T 228
Drought Prone Districts (Indiz) bt 09
Annual Compound Growth Rate of Yield of Some Crog

(1967=70 to 1977-80)

T z 3 4 5 5 7
S.No. Distrint/stote Bajra Jowaxr Tram ~Troundnat “otton
Haryana -8.79 ~-2.60 ~-0.98 - 1.05
1. Bhiwani -11.02 ~-2.28 ~0.85 - 1.05
2. M. Garh ~2.70 -0.66 - -0.99 - -
GUJAEAT 3.98 7.0 -0%17 4,06 - 1.67
3. Jamnars 2.30 8-58 1. ].9 4.04 6. 12
4. Ra jkot 2.09 11.46 -0.10 5.10 4,42
S. S.Nzgar 5.50 3.13 ~-0.53 5.1¢ 5.57
6. Bhavnagar 8.07 8.91 -0.43 5.88 0.10
7. Amreli 6.35 6.92 -2.77 5.03 4,02
8. Junagarh 9.00 6.82 0.37 2.96 4.54
Q. Kutch 7.13 18.21 ~8.02 Z2.63 1.12
10. Banswara 1.46 13,65 -0.42 1.06 8.22
11. Sabarkantha -6.,19 5.94 ~-0.77 ~1.50 7.51
1z. Ahmedabsd -0.04 5.567 ~0.52 1.27 -0.36
13. Vadodara 2.89 -0.44 0.21 1.50 -4,03
14. Brauch -1.56 2.63 Z2.43 1.61 -4.41
15. :
[MAHARASHTRA 2.3 2,84 218 ~ 0-8% 1718
15. Dhule 3.06 3.70 1.54 -0.10 3.25
16. Jalgeon 5.05 6,06 4,44 -0.46 2.51
17. Ahmecdnagar 0.49 3.08 3.04 4.46 8.42
13. Satars -2.87 3.31 0.13 -3.35 -0.04
19, Sangli ’ 4.06 2425 Z.85 1.51 1.39
20. Sholapur 2.07 0.21 1.01 1.87 2.29
21. Aurangabad 1.92 4.54 3.43 1.33 3.54
22. Parbhani 3.51 3.68 1.39 -2%84 2.58
23. Bhir 2.15 3.92 1.51 -1.10 5.13
24. Nanded 4,97 3.88 =0.40 -4 .64 0.9¢
25. Osmanbad 2.32 5.26 4.20 -1.77 3.31
26. Buldhana 4,21 3,33 1.63 -2.14 7.94
27. Akola 3.70 1.66 ~0.35 -1.13 . 1.68
28. Amravati 3.32 6.44 -4 .07 0.85 -.82
29. Yeotmal 3.25 4,58 2.25 -2.70 2.74
RAJASTHAN -0.59 0.69 1.21 -0.21 3.34
30. Ajmer ~-2.65 -4.,15 14,10 1.74 5.81
31. Alwar 0.79 5.03 3.10 -1.57 8.46
32. Banswara -4,01 4,63 1.92 3.14 -2¢14
33. Barmer 6.30 9.54 -2.53 - 4,74
34. Bharatpur 0. 43 2.81 1.50 6.92 6.39
35. Bikaner 3,39 23.11 ~-0.80 - 1.93




. EIIRT e,
3 %ﬁoﬁ‘
& el
IR e
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1 2 3 4 5 5
36. Chittorgarh . -3.09 5.37 -0.72 =0.10
37. ¢Churu ~1.62 23.70 -0.03 -
38. Dungarpur -3.00 6.45 1.04 3.30
39. Jaislmer 20.00 5.97 -3.21 -
40. Jalore. 2.05 8.77 -3.00 6.15
41. Jhunjhunu -135.00 -3.70 .74 13.20
42, Jodhpur 6.00 15.77 ~-2.18 18. 04
43. Kota ~-3.56 -0.68 3.47 -1.29
44, Nagpur ~1.09 12.08 -2.98 7.29
45, Pali 3.18 14.10 ~-1.95 13.10
46, S.Madhopur -1.52 ~(0.84 2.09 -3.40
47, Sikar -0.27 Y Y64 T.40.
48, Tonk ~-2.88 ~2.42 2.35 3.232
MADHYA PRADESH -0.17 -0.56¢ -0.41 -1.73
49, Indore -3.33 0.32 1.86 -0.52
50. Ratlam 4,02 -2.88 =~0.65 -2.27
51. Ujjain 2.89  =0.13 -0.93 -1.57
5Z2. Mandsaur 2.50 -0.91 0.65 ~-4,03
53. Dhar 1.17 -1.08 0.60 -1.08
54, Jhabua 1.96 Celd7 0.95 ~-3.25
55, W.Nimar ~-7.55 ~-1-69 -9 —2.22
56, E.Nimar -3.10 -0.71 -0.15 2.45
57. Bhind -0.45 ~0.62 -0.54 -
58. Shivpuri 2.28 -0.39 -1.63 .80
5¢., Datra Z2.30 2.84 1.28 -
60. Rajgarh 4.48 -1.94 -1.14 =-2.90
6l. Shajspur 2.71 -0.79 1.18 -
ANDHRA PRADESH 1.65 3.14 4.18 7. 08
62« Kurnool -1.57 5.51 5.25 1.29
63. Anantpur 3.14 5.17 5.40 2.46
64, Hydrabad 3.44 4,08 5.66 3.25
65. Medak 1.14 1.28 2.86 0.95
66. Mehboobnagar 2.02 2.28 2,33 1.85
67. Adilabed 1.29 0.82 5.58 -1.13
K& RNA TAKA 3.64 2.68 0e31 1.04
68 - Bolgaum 0+66 3,62 Ve 0\ Vol
69. Banglore - -1,31 0.20 3.67
70. Bellary 4.45 3.87 0.09 3.11
71. Bidar 0.92 6.77 0.72 -4 .45
72, Bijapur 2e37 186 1.63 ~2.472
73. Chitradurga 5.34 4.23 ~0.27 7.26
74, Dharwar 2.472 5.53 0.57 -0.14
715 . Gulberga 3.89 1.94 -0.30 1.69
76. Kolar 3.34 3.05 -0.30 -0.44
77. Mysore 9.13 4,77 ~-0.42 1.00
78. Raichur T.12 2.18 -0.02 -2.02
79. ™amkur 4,80 ~-1.56 -0.2G 3.65
TAMILNADU 0.79 1.07 0.77 4.16
80. Selem 0.0 -2.67 0.80 365
81. Dharwmspuri 5.35 3.9¢ 0.85 4.26
82 Tiruchrapalli 0.53 1.2° 0.77 3.61
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APPENDICES ¥ &M

YIELD ( kg/ha), AREA ( percentof GCA) OF SOME SELECTED CROPS,
ANNUAL RAINFALL, SEASONAL RAINFALL (cms) AND CV. OF
RAINFALL IN DROUGHT PRONE DISTRICTS OF  INDIA

YIELD

Y BCjI’Cl
Y2 Jowar
Y3 Gram
Y, G.nut
Y Cotton

AREA

A1 Bajra
A Jowar
Az Gram
A, G.nut
As Cotton

APPENDIX ¥ (1968-69) pp.223-32
APPENDIX L (1978 79} pp, 333-42)

RAINFALL PARAME TERS

X1 A Rainfall
X S.Rainfall
X3 CV.of Rainfall
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