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Cl-L\PTER I 

INTRODUCTION 

Ac;ricul ture is the doninant sector in Indian economy 

as it contributes about 50 per cent of national income and 

accounts for about 50 per cent of country's foreiGU exchange. 

70 per cent population of the country derives its livings 

fror.1 this sector. Importance of ac;ricul ture in Indian economy 

lies not only in the fact that it provides employrnent to 

oas ses but also 9rovides ravJ r;J.aterials to the agro- based 

industries and food to the peo9l2 eoployed 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, aericultural sector was al~ost 

shattered and it did not have the cal.)aci ty to feed the large 

I.)Opulation of the country. Post independence l.)eriod, however, 

saw modest gro\·.rth 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 a:._:;grieved the 



situation. Foodc;rains r>roduction sc:n:l a decline from 89.37 

million tonnes in 1964-65 to 7'+.0 and 74.23 million tonnes in 

the following t,-'10 years, 196~-'i-66 and 1966-67. This period 

exposed the ~~lnerability of Indian agriculture to adverse 

·.tea ther and need to achieve food self- sufficiency as quickly 
1 as possible. · .. 'i th an immediate effect, strategy to'·Tards 

agriculture vms reviewed by planners and the period of the 

annual plans ( 1966-67 to 1968-69) witnessed the formulation of 

a ne;,·l strategy for agricultural development. Nevr strategy 

included pac~(age of new agricultural technology which marked 

the beginning of the second phase of agricultural grov1th in 

inde[)endent India. Irrigation v:as the spearhead of package 

technology -v1hich is popularly kno\·11'1 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 annum over the period 1964-65 to 1970-71 and 2.8 per cent 

per annum over the period 1964-65 to 1978-79. 2 Intensive 

cropping and increase in yield, both played very important role 

to increase the agricultural production after mid sixties, 

hO\·Jever, later \'laS major contributor. Hence, green revolution 

1 Research Report 28: "Gro,vth and Equity : Policies and 
Implementation in Indian Agriculture", November 1981. 
Inter~qtional Food Policy Research Institute, p. 36. 

2 Ibid., p. 20. 



enabled to provide a break throur;h to the stagnant agricul­

tural economy durin0 ~id sixties. Foodgrains production 

increased from 89 million to~~es in 1964-65 and 74.23 million 

tonnes in 1966-67 to 121.03 million tonnes in 1975-76 and 

131.37 million tonncs in 1978-79. 

But beine scale-biased and confined to irrigated 

tracts only, green revolution accentuated interpersonal and 

interregional disparities in acricultural development. Punjab, 

Haryana, western Uttar Pradesh and coastal Andhra Pradesh are 

most benefitted by green revolution. Assu-red supply of soil 

moisturr in fact, forms the base of green revolution in these 

areas and introduction of irrication sees its past, in some of 

these areas, even during British period. 11 The successes have 

largely come in the 1 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 

frcrn 1880s to the 1920> and then :narl-:ed time - Punjab and 

Doab, Godavari, Narmada and Gujarat. The problen of the 

drylands and of the old rice lands remain. n3 Foodgrains 

production, specially wheat production, has been affected by 

package technology. Hence green revolution has been termed 

as· "Grain Revolution" or '1;/heat Revolution' by sane scholars. 

3 Christopher J. Baker, "Frogs arrl Farmers : The Green 
Revolution in India and its Murky Past", in T.P. 
Byless-Smith and Sudhir Wanmali, ed. (1984), Understanding 
Green Revolutions, Cambridge University Press, p. 50. 



Unirrigated and rainfed agricultural l2..nds which cannot assure 

timely and sufficient supply of soil moisture have not been 

able to acquire nev1 technology. Hence, agricultural production 

in these areas has increased at sl0'\·1 pace. 

Vast area of the country is rainfed and agricultural 

productivity in rainfed conditions is comparatively lo·w. Hare 

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 food grains production. 4 Rainfed agriculture has 

also t\'JO phases - wetland agriculture and dryland agriculture. 

Although, there is no objective definition of wet and dry 

lands, but both concepts are vie".JEYl as opposite to each other. 

':Ie tland agriculture has rice as a major crop and sufficient 

soil moisture gained throueh rainfall during cropping season. 

Conversely, dryland has millets and coarse grains as major 

crops and does not receive sufficient rainfall to meet the 

demand of water./ Planning Commission defines dryland as 

"Those areas which receive an annual rainfall ranging from 

375 rnm. to 1125 mm. and v1ith very limited irrigation facility. 

Areas getting rainfall less than 375 mm. are absolutely arid 

or desert \'lhile areas getting rainfall more than 1125 mm. are 

as good as irrigated areas. u5 

4 

5 

Planning Commission, India, Sixth Five Year Plan 
( 1980-85)' p. 103.· 

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



Fourth Five Year Plan lists 128 districts of the 

country under drylar:rl. Out of them 25 districts of Rajasthan, 

Saurashtra, and rainshado''~ regions of Maharashtra and Karnataka 

are absolute dry, receiving rainfall between 375 mm and 750 mm. 

and have less than 10 per cent of cultivated land under irriga­

tion. Twelve of the renaining districts have more than 30 per 

cent of cultivated lan:i under irrigation. While the renaining 

91 districts having rainfall between 375 and 750 nun. are 

spread over Haryana, Tamilnadu, Gujarat, Naharashtra, Andhra 

Pradesh, Karnataka and Uttar Pradesh. 

Planning 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 ~ess 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 vie\..,, both soil moisture requirement and its supply. One 

of the economic characteristics of dryland is that it has very 

lov1 agricultural productivity \·rhich is caused by mul tifaci t 

factors. Most significant among them is persistance of 

moisture deficit. Dryland is very vulnerable to drought 

conditions. In fact, drought is a prominent feature of Indian 

climate and can occur even in v1et areas. But the frequency 

of drought occurance is high in dryland as compared to wet 

regions. 



6 

The ~~o terms, dryland and drought prone area, are 

used as synonyms. H0\·1ever, 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 v1ea ther 

phenomenas. "Aridity is more or less a permanent climatic 

concli tion of lO\•I to very low rainfall areas, usually associated 

\'lith higher water demand. Drought on the other hand is a 

temporary condition occuring in a climatic zone ordinarily 

adequate rainfall for vegetation or agriculture, river flow 
6 and water supply. 11 Drought can occur both in arid and humid 

climates. 

Drought 

As mentioned earlier, drought is a temporary 

climatic phenomenon and caused by shortfall of rainfall. 

Drought is caused due to long continued dry wea~her and 

insufficient rainfall which results in exhaustion of soil 

moisture, suffering of plants from lack of \vater, depletion 

of underground water supply and reduction and eventual 

cessation of stream flow. 7 It is not possible to evolve an 

6 

7 

s. N. Singh, "Climatic Peculiarities of Dryland and Drought 
Prone Areas : Identification of Important Parameters", 
Drought Prone Area Proframme, Agricultural Management 
Training, 23 December 978 to 1 January 1979, Department 

·of Agronomy, Benaras Hindu University, Varanasi. 

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 \·Jater supply and 

cessation of stream flow depend on various factors, such as 

climatic phenomenas, slope o'- the land, cropping pattern and 

growth stages of crops, v1hich vary in space and time. Climatic 

pheno~enas such as temperature, sunshine, humidity and wind 

velocity affect the rate of evapotranspiration. Slope of the 

land has effect on the percolation of rain,.mter. Texture and 

structure of soils determine their moisture retention capacity. 

Hoisture reCJ.uirement vary from crop to crop and stage to stage 

or plant grovJth. Hence, 'dater reCJ.uirement of the crops vary 

from region to region and time to time. Lower l:irni t of moisture 

constraint tolerance can be identified for a particular reGion 

and fall of soil moisture supply belo'.-1 this level will hamper 

the crop groVTth. But this definition of drought cannot be 

applicable all over the globe because of different envirom1ental 

settings. 

Objective definition of drought has not been evolved 

till now and various scholars and research organizations have 

come fOr\·lard "''i th numerous definitions. They, however, agree 

on the point that drought is caused due to l~ck of rainfall. 

British Rainfall Organisation (1936) defines absolute drought 

as IIA period of atleast 15 consecutive days to none of which 

is credited a rainfall of 0.01 inch or more. 11 In the USA 



drought is defined as "a year havin~ less than 85 per cent 

of the normal pr<?cipitation, 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 11 a period of 10 days 

with a total rainfall not exceedinG o. 2 inch." Indian 

neteorological Deparilnent has defined drought as a situation 

occurine in any area when the annual rainfall is less than 

75 per cent of the normal. It is.a 'moderate drou6ht' if 

deficit ranges between 25 to 50 per cent of the normal 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". nates (1935) 

says that drought occurs v1hen annual precipitation is 75 per 

cent of the normal value or when the monthly precipitation 

is 60 per cent of the normal. Ramdas ( 1950) says, 11 drour,ht 

is an occasion \'Then actual rainfall falls short of the nonnal 

by more than twice of mean deviation. 118 Conard ( 1944) defines 

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 extr.ane drought 

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

8 L.A. Ramdas ( 1950), "Rainfall and Agriculture", Indian 
Journal of t1eteorologx, Hydrology and Geophysics, vof; 1, 
no. 4, p. 263. 



or more. 

Some other scholars also have put forward definition 

of drought, however, most of them are subjective. As 

Linslay defines drought as 'sustained period of time ·vii thout 

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 co~ 

sidered as a meteorological phenomena.· Other scierttists such 

as Hydrologists, Economists, Biolocists and Agricultural 

Scientists are also concerned with drought conditions and they 

vie\" and define drought on the basis of their ·purpose am 

background. On this basis droughts can be classified as 

following: 

( 1) Heteorological Drought: T1eteorologists 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 v1hen deficiency is great enough and 

long enough to hurt manl~ind." 



( 2) Agricultural Drought: Acricultural scientists consider 

drought as a shortage of soil moisture '.vhich put strains on 

plant growth, consequently lo,aers 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 aff~ct crop production or erassland 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 Heteorological Society 

drought is a meteorological phenomena which results in hydro­

logical imbalance. It defines drought as "a period of 

abnormally dry weather sufficiently prolonged 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 established and existing 

economy of the region. As Russel has defined drought in 

) .. ustralia as "a period of months or years during which little 

9 Quoted from M.s. Swam ina than ( 1984), "Climate and 
Agriculture", in A.K. Biswas, eel., Climate and Development, 
Dublin, pp. 65-95. 



tl 

rain falls and country gets burnt up, grass and \'later disappear, 

crops become worthless and sheeps and goats die". 10 The 

cognisance of adverse affect of drought on economy lead James 

and Gallegner to define "droue;ht as an economic situation 

recognisi~le in crop failure". 

(5) Diologi~~l Drought: Biolocists treat drought as a biological, 

phenomena which ul t:L11ately results in adverse affect on biomass 

of the region, particularly plants. According to Landsberg, 

"dr0ught is a biological rather than a climatic phenomena and 

it should be defined separately for each plant s.pecies and 

soil environ"Jent", Sastri says, "drought begins \vhen plants 

C3.11 no longer recoup \·Jater from the ::;oil as quicltly as it is 

lost by transpiration". 

Various scientists view drought from different point 

of view and have not succeeded in evolving an objective and 

universally acceptable definition, but they agree on the 

point that cause of droucht 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, ~ .21,. (1974), Indian Journal of Iv1eteoro­
logy, Hydrology, Geophysics, vol. 15, no. 3, pp. 394=452. 



of the region, i.e. withering and burning of crops, deteriorating 

animal health and causing ·their death. Deteriorating agricul­

tural economy sees its influence in overall economic crisis of 

the region. Therefore, droughts ultimately adversely affect 

the economy of society as a ·vJhole, ho~·Jever, adversity might 

vary for various sections and classes of society. 

Very fev-1 scholars have cognizance of drou8ht frcm 

spatial point of view. Vlater resources and requirements vary 

in space and time. A region might have water requirement 

different from other regions and might vary during various 

reasons. Any definition of droucht has limited scope in 

resrect of space. It is a relative term and therefore has no 

rrecise universally acceptable definition. 11 Heterogeneity 
' 

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 
I 

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 '•Jay to define drought is 

to estimate potential evapotranspiration and compare it with 

the availability of water. \·Then potential evapotranspiration 

exceeds water availability, the condition should be termed as 

11 Tapesh,var Sing~ op, cit., p, 31, 



drought. Severity of drought can be measured on this scale. 

Thornethwai te has identified drought conditions adopting water 

bslance approach and has defined drought as 'a period of dryness 

of w~ather or climate as affects the earth or prevents the 

gro·wth of plant'. Irrigation Commission has also follo•,.,ed 

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 11 •
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-arid climatic zones where rainfall 

variability is comparatively hisher. Frequency of droughts 

occurance is high in Rajasthan, western Haryana, Gujarat, 

..,,,estern Hadhya Pradesh, Maharashtra, Karnataka plateau, Andhra 

Pradesh and Tamilnadu. Droughts also occur in humid areas 

and cause concern to crop production but their frequency of 

occurance is 10':1 and does not have severe affects on the 

12 1\Iinistry of Irrigation and Power, New Delhi, Re;.?rt of 
the Irrigation Commission, 1972, vol. 1, pp. 15 76. 



economy. "',vhile in humid regions v1here rainfall is heavy, such 

uncertainities do not precipitate serious economic criDis conse­

quent upon the failure of crops, but in other areas even marginal 

variation in the above noted characteristics of monsoon rainfall 

rcsul ts in great suffering of ;eople. n 13 

After independence, Govern'7lent of India realized the 

importance of identification of drought affected areas. Its 

prime aim v.ras to provide relief measures to the people of the 

areas who used to suffer from droughts. In 1970 a committee 

vms constituted under Planning Commission. Drought prone areas 

attracted attention of the Government 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 is very 10\-.r 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 

governments, Government 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 Tapesh\'18-r Singh, op, cit,, p, 32, 



these drought ~rone districts. These drought affected districts 

are mctinly concentrated in arid and semi-nrid areas but some of 

them are even located in humid areas of West Bengal. 

Another exercise, regarding identification of drought 

affected areas, was done by Irrip;ation Commission in 1972. 

Irrigation Commission sought the hel~ of Indian r~1eteorological 

De~artment and state governments to fulfil this task. IMD ~ut 

for~~rd earlier mentioned definition of drought to identify 

drought ~rone areas. It defines drought as 1 a situation \vhen 

rainfall is less than 75 ~er cent of normal'. It is termed as 

'moderate drought' in case rainfall deficit ranges between 25 

to 50 per cent and 'severe drou0ht' in case rainfall deficit is 

above 50 ~er cent. In the framework of above-mentioned criteria, 

if drought occurred in 20 ~er 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 ~sked to identify 

drought ~rone areas on the basis of meteorological data, revenue 

remission, frequency of famines and scarcity and availability 

of irrigational facilities. States identified drought prone 

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

adopted different criteria in absence of any concrete guideline. 



Different criteria ado~ted by different states made the drought 

~rone areas identified by them as incom~arable. Hence, recomme~ 

dations of various state governments could not provide any help 

in identification of drouGht ~rone areas in the country. For 

exarn~le, goverrnnents of Haharashtra and Gujarat considered 

re~ort of Fact Finding Committee a base for identification of 

drought affected areas. Government of Tamilnadu chose the 

criteria of rainfall less than 900 mm. and irrigation less 

than 35 per cent to identify it. >tfhereas Government of r·:Jysore 

( Karnataka) identified drought affected areas on the basis of 

the criteria, where kharif season rainfall is less than 400 mm., 

rabi season rafnfall 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 ll1D, Irrigation Commission adopted follo\ving 

criteria to identify drought ~rone 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 



of eight states. Complete area or some talukas of 7 districts 

of Andhra Pradesh, 11 districts of Gujarat, 3 districts of 

Haryana, 9 districts of Hadhya Pradesh, 9 districts of 

l'-1aharashtra, 12 districts of 1':arn.c'1taka, 9 districts of Tanlilnadu 

are identified as drought prone. Both, Planning Co~nission and 

Irrigation Commission have identified almost same area in arid 

and semi-arid regions as drought affected. But some districts 

of ':lest Bengal, Bihar, Orissa and Uttar 'Pradesh which figured 

in Planning Co~nission'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 rainfalJ_ 

and fre~uency of dry spells, in its exercise of drought prone 

areas identification. However, in sub-humid and humid regions 

~·.there annual rainfall is sufficient to meet water requirement 

of crops, drought like conditions sometimes persist because of 

great deal of variations in ''Jeekly 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. normal annual 

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 so,_.m. Districts having normal annual rainfall less than 

100 em., 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, 

Hadhya Pradesh, Haharashtra, Andhra Pradesh, Karnataka and 

Tam ilnadu are identified as drought affected. As s ho\vn 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 b~ckward 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 -



(i) to examine the influence of various parameters of rainfall 

viz., aru1ual rainfall, season3l rainfall and variability 

of rainfall, on the area of selected crops at two points 

of time, viz. 1968-69 and 1978-79; 

(ii) to examine the influence of various parameters of rainfall 

viz. annual rainfall, seasonal rainfall and variability 

of rainfall, on the yield of selected crops at two points 

of time viz. 1968-69 and 1978-79; and 

(_iii) to analyse cross-sectional and tanporal variations in 

the yield rates of selected crops in drought affected 

areas. 

"\rea of Study and its Geographical Personality 

The area of study is comprised of 82 districts co~ 

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), 

Maharashtra ( 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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Drought prone areas cut across two major 

physiographic regions of India; IndO-Ganga Plain and Plateaux 

of central and south India. Drouc;ht affected area of Haryana 

is almost a plain land with patches of sand dunes. The blown 

sands have covered the western rart of Ghagc;ar Plain. ';!estern 

Rajasthan is comprised of uneven plain of Thar Desert while 

stoney outcrops disturb the contiGuity of plain of eastern and 

south eastern Rajasthan. Drouc;ht 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 r·,1adhya Pradesh cover the 

dissected 1-Jo.hm plateau eroded by ~h.J.mbal, Bet;,·Ja and their 

tributaries and parts of Vindhyan ,J.nd 3o.tpura highlands. Drouc;ht 

affected areas of Naharashtra cover rainshadow and dissected 

plateau land of r1arathwada and Vidarbha. ~:!estern districts of 

Andhra Pradesh, lying over Telangana and Rayalseema plateaus are 

drought affected. Except western coastal land and \'Testern 

Ghats, rainshadowed and plateau land of Karnataka is affected 

by droughts. vlhile drought affected area of Tamilnadu is spread 

over rainshado\v parts as well as northern parts of Tamilnadu 

plateau. . / I , . 
Climate 

\'ib 
'f"''J;f' 
IL,;,i J..; 

( i) Rainfall: Annual normal rainfall in drought affected 

areas is belovJ 100 an as sho\m in fig. 1. 2. There is great 

deal of spatial variation in its distribution. It is less than 
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30 em. in western parts of Rajasthan. For example nonnal annual 

rainfall in Barmer, Bikaner, and Jaisalmer is 27.75 em., 26.37 

em., and 16.; '-lO em. respectively. It is very low· in v·restern 

Gujarat too, as it is 32.22 011 in Kutch. Annual rainfall is 

hic;h in eastern parts of drouc;ht affected area of Nadhya Pradesh. 

In drought affected areas of Haryana, Rajasthan, Gujarat and 

i'•Iadhya Pradesh annual rainfall decreases as one moves towards 

v1est. Drought prone area of Deccan plateau lies in rainshadow 

area of '.'/estern Ghats. ~~Jhile in western coastal plain annual 

rainfall is as high as more than 300 em.; this quantity is 

reduced well below 100 em. in the eastern side of Western Ghats. 

For example, normal annual rainfall in two coastal districts, 

Ratnagiri (Maharashtra) and South l~ara (Karnataka) is 330.57 

em and 387.03 em respectively. But annual rainfall of two 

adjacent drought affected districts, Sangli and I"1ysore which 

incidently are lying east of 1,•.Jestern Ghats is 62. LS em and 

75.78 em respectively. In the drought prone areas lying in the 

rainshadow in south India, annual 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 dro~ght 

affected areas. As depicted 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 annual rainfall 

less than 40 em have high coefficient of variation of rainfall. 

For example, c.v. of annual rainfall in the districts of 

Jaisalmer, Barmer, Jodhpur, Juna.sarh 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 annual rainfall. 

Hence rainfall variability is low in drought affected areas of 

south India. 

South western monsoon is major source 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 aru1Ual rainfall occurs during 

this season. But share of south western monsoon in annual 

rainfall is reduced to 55 to 6o per cent in drought prone 

areas of Tamilnadu and adjacent parts of Karnataka and Andhra 

Pradesh. North eastern monsoon accounts for about l.¥J per cent 

of annual rainfall in this region. Fre~uent intrusions of 

v1estern disturbances in north west India during winter cause 

rainfall in drought affected areas of Haryana and RaJasthan 

1;1hich is very helpful for 'rabi crops'. Sometimes cyclones also 

cause rainfall in some parts of Tamilnadu, Andhra Pradesh and 

Gujarat. 



( ii) Temperature: Tllean annual temperature remains above 20o 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 northern parts. June temperature in north 

west India remains above 30° c. ':.fhile it remains betw-een 250 c 

and 30° C in southern l'v1aharashtra, Karnataka plateau, Tamilnadu 

and Andhra Pradesh. During winter, monthly temperature of 

January ranges be~1een 10°C and 2ooc in drought affected areas 

of north and \vestern India, while in south it ranains above 

20°C. 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 !).harif and rabi seasons. 

In south, however, crop seasons are not well marked as tanperature 

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 soils 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 soil 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 soils are 

particularly concentrated in south west Rajasthan. Desert 

soils lack in humuous and nitrogen contents and their colour 



vary from yellowish brown to dark reddish brown. ·J.uanti ty of 

calcium carbonate increases downwards which results into Kankar 

bed formation in stabilized sandy areas. Grey brown soils cover 

eastern C~jarat and south eastern Rajasthan. These are light 

textured sandy loam soils of alluvial origin. Black soils are 

spread over drought affected areas, Ivladhya Pradesh, Ivlaharashtra, 

and ~arts of Gujarat, Karnataka and Andhra Pradesh. Derived 

from weathering of bed rocks of lava. trap, black soils have 

dark colour, varying from dark brO\'ffi 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 \'ri th clay contents ranging from 

4o to 6o 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 

rna tter, lime and 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 soils 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 



and fine sand fractions. The clay minerals become coated with 

red haemati te or yellow limonite or a mixture of two oxides 

of iron fonning a red, yellow or reddish yellow soil. 14 Red 

soils are also found mixed with black soils. Coastal alluvial 

soils 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 thor~forests cover dryland of Tamilnadu, 

Karnataka plateau, Telangana and Rayalaseema, central 

Haharashtra,' Gir forests of Gujarat, western r'ladhya 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 

Rajasthan, western Hadhya Pradesh, Tamilnadu and Andhra 

Pradesh. 15 

Hypothesis 

Attempt has been made to examine the following 

14 s.v. GovindaRajan and H.G. Gopala Rao (1978), Studies 
on Soils of India, New Delhi, pp. 14-50. 

15 R.L. Singh (1971), ed., India, A Regional Geop~aphy, 
Varanasi, pp. 15-17. 
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two hypotheses in the present stud~ 

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

function of the variations in different rainfall parameters. 

Area under crops increases ·with increase in annual and 

seasonal rainfall, but is inversely correlated "VTi th 

rainfall variability. 

(ii) Variation in yield of crops in drought affected areas is 

function of the variations in various parameters of rai~ 

fall. Yield of crops is positively associated '"i th anrual 

and seasonal rainfall and negatively associated vTith 

variability of rainfall. 

Period of Study 

Two periods of time, 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, Groundnut and 

Cotton have been selected for the present study. Except gram 

all of them are kharif crops. Jawar and groundnut are, hm'lever, 

s0\1n in rabi season in some parts of peninsular India. By and 



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 Government 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, H inistry 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 

Haryaria, Economic and Sta~istical Organization, Planning 

Department, Government of Haryana. 

(ii) Handbooks of Statistics, and Season and Crop Reports, 

Bureau of Economic and Statistics, Government of 

Gujarat. 

(iii) 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 Economics and Statistics, Government 

of Maharashtra. 



(vi) Statistical Abstracts and Season and Crop Reports, 

Bureau of Economics and Statistics, Government of Andhra 

Pradesh, Hyderabad. 

(vii) Statistical Abstracts, and Season and Crop Reports, 

Bureau of Economics and Statistics, Bangalore, Government 

of Karnataka. 

(viii)Statistical Abstracts, and Season and Crop Reports, 

Directorate of Statistics, Madras, Government of 

Tarnilnadu. Unpublished data pertaining to district-wise 

gross cropped area and rainfall of Gujarat, Hadhya 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 Annual Rainfall (1901-1950) 

for drought affected districts has been worked out from isopleth 

map showing variability of annual rainfall, Agro-Meteorological 

Atlas of India, Indian MetPorological Department~ Poona. 

~1 ethodology 

In order to examine spatial and temporal variations 

in yield levels and acreage, triennium averages of area and 

production have been computed for the periods 1967-70 and 

1977-80. Average triennium yields and acreage is also computed 

for both periods. Annual canpound growth rate of yield of 



five crops has been computed \vi th the help of the formula, 

I 
( Log x2 Log X1) l- II R = I I Antilog 

1 I X 100 I I 
I - i .l .J. __ -·" 

-.:here R is annual compound growth rate of yield, x 1 is yield 

during earlier period, x2 is yield during later period and i 

is interval between two periods. 

Various parameters of rainfall i.e. annual rainfall, 

seasonal rainfall, variability of rainfall, onset of effective 

rainfall, number of rainy 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 

= 
= 
= 

Annual Rainfall 

Seasonal Rainfall 

Variability of Annual Rainfall 

{B) Dependent Variables 

Y1 

Y2 

= 

= 

Area under the crop 

Yield of the crop 



Exercises of correlation and step-wise regression have 

been done for each crop for ~vo periods of time, 1968-69 and 

1978-79. Annual 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 association be~veen two 

variables and step-wise regression exainines explanatory power of 

independent variables. 

Overview of Literature 

'dhether it is a humid, sub-humid, semi-arid or arid 

climatic zone, rainfall is a very linportant 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 harmful to the crop 

production. The present study is 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 excessi~e rainfall during a part of the crop season but a 

single prolonged dry spell will spoil and burn down the crops. 



In India, not much study has been done to analyse impact 

of rainfall parruneters on area and yield of the crops. Crop­

weather scheme was initiated in 1945 in the country. Agro-

I'-1 eterorolo gical Division of H1D began collecting farm environnent 

and crop yield data under All India Co-ordinated Crop-Weather 

Scheme. Crops selected for study were wheat, rice, jowar, cotton 

and sugarcane. These studies primarily deal with the relationship 

bet\'leen crop yield and weather phenomenas including rainfall. One 

hardly finds any study pertaining to ·area under crop and rainfall 

parameters relationship. I"loreover, there are very few studies 

showing relationship bet\'/een 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 crcp-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 
Meteorolo~ and Geophysics, vol. 1, no. 4, 1950, 
pp. 262-7 • 

17 P.s. Sreenivasan and J.R. Banerjee, "A Comparative Study 
of Rainfall and Cotton Crop under Crop Weather Schane of 
Akola and Nagpur", Indian Journal of Heteorology 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 frcm 

optimal rainfall value has reverse affect on height and yield. 

Malik etc. (196o) 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 Poena. Study reveals that maximum and minimum 

temperature cause difference in gro\ith of sugarcane during 

elongation period. Rainfall turns out to be a weak variable 

18 

LHydrology 

19 

20 

A.K. Malik, "Height and Yield of Kharif Jowar in Relation 
to Rainfall during Vegetative Growth", Indian Journal of 
Heteorology!and Geophysics, vol. 9, no. 4, 1958, 
pp. 377-82. 

A. K. Halik, P. Jagannathan, G. Rama Rae and J. R. Banerjee, 
"Preliminary Studies on CroP- 1:/eather Relationships -
Cotton", IJMHG, vol. 11, no. 4, 196o, pp. 377-82. 

M. Gangopadhaya and R. P. Sarkar, "Curvilinear Study on 
the Effect of Weather on Growth of Sugarcane", IJ:r·UIG1 
vol. 15, no. 2, 1964, pp. 215-26. 



because sugarcane is an irrigated crop. Malik (1964) 21 discusses 

growth features and yield of rice in relation to existing 

climatic elements during crop season. It shows that there is 

remarkable consistency in the average length of the reproductive 

period, and average date of flowering depends on geographical 

factors. Sarkar (1965) 22 has investigated into relationship 

between weather phenomenas during tillering and elongation 

phases, and yield of sugarcane at Poona. Using successive 

g raphic approximation:. method, optimal values of various 

\veather phenomenas, rainfall, maximum temperature, minimtnn 

temperature and sunshine hours during two crop growth phases, 

have been computed. \'feather phenomenon explain 50 per cent of 

variation in yield during tillering phase, and 80 per cent for 

both phases of gro\·Tth. Gupta ( 1966) 23 has studied nnture 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 ~re common and for more than 10 days are rare 

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

21 A. K. Halik, "Climatology of Crop Seasons of India - Rice", 
I~1HG, vol. 15, no. 4, 1964, pp. 555-64. 

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

23 B.R.D. Gupta, "Frequency of \'let and dry spells at five 
stations in Rajasthan", IJMHG, vol. 17, no. 3, 1966, 
pp. 451-6. 
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10 days are common except Jaipur and Udaipur stations. 

Ramamurati and Banerjee ( 1966) 24 have utilized curvilinear 

regression techniq 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, \~ter deficiency and aridity, and their 

influence on cropping pattern. Krishna (1969) 26 has analysed 

relationship between agroclimatic factors and agricultural set 

up in semi-arid and arid zones of Haharashtra. 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 tenperature and minimum 

24 K.s. Ramamurati and J.R. Banerjee, "The Influence of 
Weather on Wheat Yield at Dhar,~r", IJHHG, vol. 17, 
no. 4, 1966, pp. 601-6. 

25 A. Krishna, 11 Agro..Climatolot:,y of Arid and Semi-Arid 
zones of India : Bellary - Bijapur and Rayalseema 
Tracts", Ge~aehical Review of India, vol. 30, no. 10 
1968, pp. 24- 2. 

26 A. Krishna, 11Agroclimatology of Arid and Semi-Arid 
Zones of Maharashtra", Geofra~hical Review of India, 
vol. 31, no. 3, 1969, pp. ~ 6. 

27 s.K. Shaha and J.R. Banerjee, 11 Influence of Rainfall, 
Humidity, Maximum and Minimum Temperature on the Yield 
of Cotton in Coimbatore", IJHHG, vol. 26, no. 4, 1975, 
p. 518. 



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 allii hours of sunshine above 

normal. Sreenivasan (1977) 28 discusses relationship between 

yield of two jowar varieties and weather elen ents (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) 29 have studied rainfall 

pattern, amount, variability and probability in relation to 

cropping pattern in Haryana. The state has been regionalized 

on the basis of rainfall parameters a1~ cropping pattern and 

two maps are superimposed to see relationship between the 

two.· Khambate and Biswas (1978) 30 have analysed distribution 

of wet and dry weeks during monsoon season in 15 days dry 

districts of Gujarat (having normal annual rainfall less than 

100 em.) It also discusses spatial variation in duration of 

28 P. s. Sreenivasan, "The Impact of Weather on two Varieties 
of Winter Jowar at Sholapur", IJr1HG, vol. 28, no. 3, 1977, 
pp. 359-64. 

29 O.P. Bishoi and K.K. Saxena, "A Study of Rainfall Pattern 
in Relation to Crop Planning over the Haryana State", 
IJr·1HG, vol. 29, no. 3, 1978, p. 501. 

30 M.M. Khambate and Biswas, B.C., "Characteristics of 
Short Period Rainfall in Gujarat", IJMHG, vol. 29, 
no. 3, 1978, pp. 521-2. 



dry and wet spells. Rangaswamy (1982) 31 has utilized times 

series station data to investigate into nature and degree of 

relationship between rainfall parameters and yield of improved 

variety (K-1) and local variety of bajra at Kovilratti. 

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 quadratic. As compared to separate parameters, composite 

index explains variation in yield in a better \'18.Y and 

relationship is quadratic for both varieties. 

31 P. Rangaswamy, Dr¥ Farmin~ Technolo~y in India - A 
of its Profitabil~ty in Selected Areas, New Delhi, 
1982, pp. 141-56. 



CHAPTER II 

AGRO-CLll-1ATIC CONDITIONS AND AREA UNDER SELECTED CROPS 

The five crops selected for the present study, are bajra, 

jowar, 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 

Agro-Climatic Conditions .!£!: Grm.,rth 

Bajra, a coarse foodgrain, is a staple crop of arid 

and semi-arid 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 '\rlhere high yielding varieties are 

irrigated. Bajra does not require high rainfall and can adjust 

in low rainfall, up to 25 em. This crop can bear stresses and 

strains caused due to soil moisture deficiency which is a common 

climatic phenomenon during south 'lrJest 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 



----
s. ~.:Jo. crop 

-----
1. Bajra 

2. JovJar 

3. Gram 

4. Ground 
nut 

5 • Cotton 

TABLE 2. 0 (a) 

.~rea un~er some selectea cr:;ps in the trier~ums 1967-70 ann 1977-80 
((Area in hectares) ------------------------· ·-···-----·-------

Drouqhi_Q£Q~~~~--- India ShRre of drought pron~ 
Annual ------------------~nual---- areas in total area under 
compounc compound ££2.12. in the cou nt!..Y. __ _ 
Growth Grm··th 
rate rate 

1967-70 1977-80 1967-70 1977-80 'l967-70 1977-80 -- ---
8589-306 1536901 -1.30 12451000 110)5000 -1.22 68.98 68.36 

11651789 11241154 -0. 37 12586000 16379000 -1.29 62.69 68.64 

2062442 2362899 1.36 7704000 755 6000 -0.19 26.77 :1. 27 

4709059 4784392 0.17 7287000 7409000 0.17 6L1.62 6:1.5 8 

5966606 5613975 -0.55 7768000 8037000 o.:.:s 76.81 69.~:5 

----------- -------



7A3LS 2. 0 (b) 

PeTcentage s h :, re of r':rought prone areas o-E :::tates 
in total area unr'ler ::orne s el·ec tec'l cro:)::: of dr8ught 
prone areas (1977-80). 

---
S.No. crop Haryana GUj arat Naharash- Rajasthan l·1adhya Karna- .~nchra Tamil- Total 

tr,a. Pradesh take pracesh nadu 

---

1. Bajra 5.17 13.11 14.?2 53. 02 1. 3 3 8.44 2. 07 1. 94 100.00 

,.., Jowar 0.06 7.11 47.31 5.20 9.85 16.97 11.03 2.47 100.00 Lo 

? Gram 12.86 1.25 13.96 37.70 25.5 3 7.18 1. 46 c.os 100.00 
~· 

4. Groun-
nut o.oo 40.17 12.81 4.90 6.32 19.06 1:'.84 (, - 0 I.:>_,. 100.Cl0 

5. Cotton 0.02 26.6S 3f3. 15 1.::>3 10.28 17.71 4.7S 0.69 1c·o. co 



with inferior and lighter types of soils". 1 Bajr3 requires 

warm vreather, bright sunshine and lighter soil for its better 

growth and output. Due to its lov1 soil moisture requirement 

and short duration ( \'lhich 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 ecologically suited 

for bajra cultivatio~ 

Soatial Variation !n ~under Bajra 

Bajra is a major crop in north western parts of drought 

prone areas. This crop acquired 13.29 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 vJas concentrated in droucht 

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 areas in area under bajra of 

the country remains the same. Nore than 50 per cent of bajra 

acreage of drought prone areas is 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, Ne·w Delhi, p. 349. 



Percentage of 
Bajra area to 
GCA 

35.0 and above 

25.0- 35.00 

15.0- 25.0 

5.0 - 15.0 

BelO\•l 5.0 

Total 

Table 2.1 

Spatial Distribu.tion of Area under Dajra durin;'~ 1967-70 
Nuraber of Districts 

Hahara-
Haryana Gujarat shtra Rajasthan I~··: • p • A.P. Karnataka 

1 1 9 

1 1 2 

1 5 5 2 1 

3 2 2 2 2 4 

2 7 4 11 4 7 

2 12 15 19 13 6 12 

Tamilnadu Total 

11 

4 

14 

2 17 

1 36 

3 82 



districts are located in Rajasthan (11), Gujarat (2), Haryana 

( 1), and f:J:aharashtra ( 1). Share of bajra in cultivated area 

is high in western Rajasthan as '88.19, 77.7, 59.7, 55.2 and 44.3 

per cent of total cultivated area was devoted to this crop in 

Jaisalmer, Barmer, Jalore, Jodhpur and Jhunjhunu 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 \vestern Rajasthan and one each in Haryana and 

Gu jarat. I''Iore 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 T'-1aharashtra and 2 districts of Haryana. Bajra 

p reducing districts of Haharashtra which are spread over the 

north western part of the state are Dhule, Ahmadnagar, Sangli 

and Auranga bad. 

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 c~ltivated area under this crop. It is 

an insignificant crop in most of drought prone districts of 

Hadhya Pradesh, Andhra Pradesh and Karnataka and. some districts 

of eastern Haharashtra south eastern Gujarat and southern 

Rajasthan. 17 districts had 5.0 to 15.0 per cent of total 

cultivated area under bajra, which formed no~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 

Soatial Distribution 

Percentage of I•1·ahara-
Bajra area to Haryana Gujarat shtra Rajasthan H.P. A.P. Karnataka Tamilnadu Total 
GCA 

35.0 and above 2 8 10 

25.0 - 35.0 1 1 2 

15.0 - 25.0 3 3 3 1 10 

5.0 - 15.0 6 4 2 1 2 5 2 22 

Below 5.0 2 8 5 12 4 6 1 38 

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, B::>.nasbantha 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 l\1aharashtra and Bijapur district of 

Karnataka 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 I'·ladhya Pradesh, eastern 

Haharashtra, 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 I1aharashtra. 

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 producing districts of Gujarat and 

I··1aharashtra. In Haryana, its share has significantly declined in 
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i•Iahendergarh, however, it has increased in Bhiwani. But 1967-70 

data for Bhiwani pertain to then Hissar district, of \·Jhich 

present Bhiwani district was a part. Hissar had high percentage 

of irrigc:tted area and cotton was main. kharif crop, competing with 

bajra. It has also declined in Hadhya Pradesh, where it \vas a 

marginal crop except Bhind. Decline in share of area is evident 

from the fact that during 1967-70 there '\.vere 29 districts 

having 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 v1estern 

Rajasthan, Gujarat, western Haryana and parts of north-\'lestern 

i•Iaharashtra and north Nadhya Pradesh. 

Jowar 

Agre-Climatic Conditions 12£ Growth 

Jowar fonns staple food in semi-arid drought prone 

tracts, particularly in rainshadow area of peninsular India. It 

also occupies significant place in cropping pattern of some parts 

of drought affected Gujarat, Hadhya Pradesh and Rajasthan. It is 

a kharif crop in north, while is sovm in both seasons, kharif 

and rabi, in south. It is so'vn on soils with higher moisture 

retention capacity in south Gujarat, Naharashtra, Andhra Pradesh, 

Karnataka and Tamilnadu, during rabi season. North eastern 



monsoon showers and irrigation also add to soil moisture in 

extreme south of the peninsula. 

Jowar is a crop of hot and dry climate, hO\·vever its 

heat requirement varies for different varieties. It cannot 

survive in less than 15° C and more tlon L~1° C temperature. 25° C 

to 32° C tern perature range is optimum for its cultivation. Soil 

moisture requirement for different varieties also varies. 

However, it can be so1:m in lov1 rainfall areas having rainfall 

up to 30 o:n. 11 The sorghum belt receives an annual rainfall 

ranging from 400 to 1000 mm per annum, usually distributed 

bet·VJeen the last week of June and the first week of October in 

most parts of the country. 112 Jovmr is SO':tn on a variety of 

soils, sandy loam, black and red, however. deer and r:1edium black 

soils are most suitable. Excess soil moisture and water logging 

for a long period is undesirable for this crop. r·1 oisture 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 knmm as a 1 camel' in tJlant ·~.,rorld 

due to its 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 jowar is attributed also to lo,:,rer transpiration rate 

2 Handbook of A~ricultures (1984), ICAR, New Delhi, p. 816. 



To.ble 2.3 

s12atial Distrib~tion of Area under Jov;ar ~ 1967-702 
Hu'":lber of Districts 

--
Percentage of 1-':ahara-
Jo;·mr area to Haryana Gujarat shtra R9.jasthan N.P. A.P. Karnataka Tamilnadu Total 
GCA 

35.0 and above 7 1 2 1 2 13 

25.0 - 35.0 LJ. 2 4 4 4 18 

15.0 - 25.00 6 4 1 4 1 3 2 21 

5.0 - 15.0 5 5 3 1 'I 15 

Belovr 5-0 2 1 10 2 15 

Total 2 12 15 19 13 6 12 3 82 



and waxy coating on lr:oaves and stalk. n3 

Spatial Varieties in Jowar ~ 

Jo'dar 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 jowar area in the country is confined to drought prone areas. 

Area under this crop has declined both in drought prone areas 

a~d 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 Haharashtra 

acquired 47.3 per cent of jowar area of drought prone areas. 

Drought prone areas of Ivlaharashtra, Karnataka and Andhra Pradesh 

occupy 75.31 per cent of area under jowar of drought prone areas. 

Maharashtra, south east Gujarat, south Rajasthan, south west 

Hadhya Pradesh, upland Andhra Pradesh, Karnataka plateau and 

upland Tamilnadu are jO\var growing areas. 

Jowar occupied more than 15 per cent of total cropped 

area in 52 districts, as shm·m 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 ( 198 5), op, cit,, pp. 332-3, 



Percentage of 
Jo,,..rar Area to 
GCA 

35.0 and above 

25.0 - 35.0 

15.0 - 25.0 

5r0 - 15.0 

Belovr 5.0 

Total 

Table 2.4 

Spatial Distribution of ).rea Under Jowar ( 1977-80) 

Num.ber of Districts 

Hahara-
Ilaryana Gujarat shtra Rajasthan B.P. A.P. Karna tal<::a Tw. ilnadu 

7 1 

7 3 4 2 

1 1 3 5 7 2 

9 2 5 1 1 1 

2 2 14 2 

2 12 15 19 13 6 12 3 

Total 

8 

16 

19 

19 

20 

82 



DROUGHT PRONE AREAS 
area under jowar 

.. 
•-="f I 

""'" 
' 

,--I .. - t--· ~!.., .... -.., 

' ' .. , , -· 

-. 
\.- . 

' 
, >I. lY"..b!U 

4 

1977--80 

s 
.. ~ 
\ \...· 

( 

.J ...... 

...l.li .. , -~-- ·~ 41:!. . 
;, \ 
I. :(\.. ' ,r:· 
i' ) .J ...... 

! 

rf - ,, 1~ '•' c« c! . 
I.L ± .. c·' 
"' - ' 

--~ .. / .'l.r-1 
"l . J ··v<-- .. 

' 

II above 35 

• # "...::::::::. r ,> . . . 
; H ' 

->-.. -rl-~ ~ ' i r I ·~- •,---• 
•c _""'(I 

,If! ~-'\.., 
I I 
I .,.....,._ -' 

~ 25 - 35 

0] 15 - 25 

B 5 - 15 

OJ below 5 

h m 
area under jowor 100 0 100Kms 

Fig- 2·2 

high (h) 

J medium (m) 

low (I) 

I 
~ 
" ~ 

I 
~ 



of Gujarat and 4 districts of Rajasthan fall under this category. 

31 .districts had more than one fourth of totql cropped area 

under jO\·Jar. Host of them are located in peninsular India. 

13 districts, particularly in I<1aharashtra, had devoted more 

than 35 per cent of gross cropped area to this crop. It reveals 

that jowar region of drought prone area is confined tc black 

soil region of r-1aharashtra and Gujarat and red and laterite 

soils of Hadhya 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, ·v.restern 

Gujarat, north western l~ladhya Pradesh and southern parts of 

Karnataka. In 15 districts less than 5 per cent of GCA v1as under 

this crop and seven districts of western Rajasthan had neelit:;ible 

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 jowar. These districts 

are located in peninsular and central drought prone areas including 

all the 1 5 districts of Maharashtra, 8 districts of Hadhya 

Pradesh, 9 districts of Karnataka, 5 districts of Andhra Pradesh 

and 2 districts of Tamilnadu. In eight districts, of \·Jhich 7 lie 

in Haharashtra, jowar occupied more than 35 per cent of GCA. 

Thirty-nine districts, spread over Rajasthan, Gujarat, 

Haryana, Hadhya Pradesh and Karnataka have less than 15 per cent 

of cultiyated area under this crop. It is not important crop in 



20 districts ·where it occupies less than 5 per cent o.f total 

cropped area. Its 2.verage is almost negligible (less than 1 

per cent of GC/1.) in 11 districts, r.~ost o: \·Jhom are located in 

R.a jas than. 

It is evident that jowar is a major food crop in drought 

affected parts of south and central India. It is a fodder crop 

in north parts of Rajasthan, Haryan:::t and western Gujarat. Its 

cultivation is almost negligible in western Rajasthan. 

Comparison of table 2.3 and 2.4 depicts that share of 

jO\·Jar 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. In 

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 Maharas.htra, except 

Akola where it has declined marginally. In Andhra Pradesh also 

share of jowar area has increased except in Anantpur. 

Gram -
Agro-Climatic Conditions .!2£ Growth 

"Gram is the most important pulse crop accounting for 

more than a third of the area and about ~ per cent of the 
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production of pulses in this country.u4 It is arabi crop, sown 

in the semi-arid areas of western Ganga Plai_n, eastern Rajasthan, 

Hadhya Pradesh, Punjab and Haryana (in lov1 to medium r:J.infall 

areas). This crop utilizes retained soil moisture, ho-v;ever 

showers due to 'western disturbances' arrl some irrieation 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 tolerate 

m inirnum temperature up to 50 C, but frost is harmfuJ:. 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 ha~ns the crop, 

as it shortens growing period and nuickens maturity \·Jhich 

consequently 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 1n ~ ~ 

Gram is not an important crop in drought prone areas, 

as it acquired only 4.08 per cent of GCA in 1977-80. Its 

cultivation is mainly confined to eastern Rajasthan, Hadhya Pradesh 

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

I 



Percentage of 
Gram area to 
Gc;~ 

20.0 and above 

15.0 - 20.0 

10.0 - 15.0 

·5.0 - 10.0 

Belov1 5.0 

Total 

Table 2.5 

Spatial Distribution of Area Under Gra'll ( 1967-70) 

Number of Districts 

I-: ahara-
Ilaryana Gujarat shtra Rajasthan l'·I. p • A.P. l'=arnataka 

2 2 2 

1 

3 1 1 

2 5 

12 15 1 1 5 6 1 1 

2 12 15 19 13 6 12 

Ta:;.ilnadu Total 

6 

1 

5 

7 

3 63 

3 82 



Percentage of 
Gra"'Il area to 
GCA 

20.0 and above 

15.00 - 20.00 

10.0 - 15.0 

5.0 - 10.0 

Belov; 5.0 

Total 

Table 2.6 

Spatial Distrib.1tion of ).rea under Gram ( 1977-80) 

Humber of Districts 

I·,:ahara-
Haryana Gujarat shtra Rajast:'lan. H.P. A.P. K.arnataka Tarnilnadu Total 

2 1 2 5 

1 1 2 

7 4 1 12 

1 4 4 9 

12 14 6 2 6 1 1 3 54 

2 12 15 19 13 6 12 3 82 



and western Haryana. Drought affected districts of these states 

acquire 76.09 per cent of area under this crop in drought prone 

areas. Gram occupies about "b·10 fifth of gross cropped area in 

'.<Jestern Haryana. Drought prone areas acquired about one-third 

(31.27 per cent) gra~ area of the country. Percentaee share 

of drought prone areas vJas 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, t\·relvc districts 

had more than 10 per cent of gross cropped area occupied by Gram. 

El~ven of them are located in drought prone areas of Rajasthan, 

Haryana and Hadhya Pradesh and one in Karnataka. Six districts, 

two each in Haryana, Rajasthan and Madhya Pradesh, had more 

than one- fifth of their total cropped area devoted to this crop. 

3hind, in l''ladhya Pradesh, has highest share of gram area in GCA 

follo·v1ed by Datia, 3hhJani, Bharatpur, Alv~ar and f-'iahe::-.dragarh. 

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, Fiaharashtra, Andhra Pradesh, Tamilnadu and many districts 

of western Rajasthan, Karnataka and l'1adhya Pradesh are included in 

this marginal gram producing area. Thirty-five districts located 

in south India :=1nd Gujarat had negligible area (less than 1.0 · 

per cent of GCA), under this crop. 
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After a decade (table 2.6 and fig. 2.3) 19 districts 

l1ad more than 10 per cent of GCA occupied by gram. Nine of them 

are located in Ra.iasthan, 7 in r.Iadhya 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 north \"/estern I'Iadhya Pradesh, eastern Rajasthan and 

south v1estern 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 

cro!;). 28 of these districts have negligible area ( belov,r 1 per 

cent of total cropped area) under gram. In Gu;iarat, I-1aharashtra, 

Andhra Pradesh, Karnataka, Tamilna.du, western Rajasthan and 

eastern and southern Hadhya Pradesh the area under gram is 

insignificantly low. 

Comparison of tables 2.5 and 2.6 shows that most drought 

orone districts except some in \'lestern Hadhya 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, lllaharashtra, Andhra Pradesh, 

Karn3.taka, Tamilnadu and western Ra,iasthan devote insignificant 
. 

area to gram cultivation and the same pattern persists during 

both periods, 1967-70 to 1977-80. ','lhile in western Rajasthan 

and Gujarat, inadequate south west monsoon rainfall is a handicap 

in cultivation of this crop, high temperature and competition 



with jowar and groundnut are ma;ior causes for having low area 

under this crop in south India, Gram growing districts of 

Rajasthan, t-1adhya Pradesh and Haryana continue to have increase 

in proportion of gram area m 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 

Ra .iasthan and 3 to 7 in r:Iadhya Pradesh. Proportion of area under 

this crop has increased in Bhi\vani district of Haryana from 

25,1 per cent to 35.5 per cent. But the availqbility of data 

for Bhiwani for the years 1967-70 is questionable, Proportionate 

increase of gram area is constant in Hahendergarh 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 mill ion 

hectares is put under it annually 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 irrieated area 

forms about 6 per cent of total groundnut area in India. 11 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, 



~gra-Climatic Conditions 12£ Grovrth 

Groundnut is a moderately moist and warm climate crop 

and requires abundant sunshine. Its cultivation is normally 

concentrated between 30° and 45° N latitudes of the globe. Less 

than 10° C temperature is not conducive for this crop. 22o C to 

32°C tenperature range is optimum for its growth and yield. 

Normal duration of groundnut crop is 130 days. 5J0-700 mm rain­

fall,_ which is fairly distributed is adequate, particularly for 

quick ripenin8 varieties. 11 The crop can be gro'Nll successfully 

in places receiving a minimum rainfall of 500 mm. and a maximum 

rainfall of 1,25J mm. The rainfall should be distributed well 
6 during the flowering and peg8ing of the crop." Very high 

temperature and low rainfall which lead to soil moist~re deficit 

are harmful for this crop as it is very sensitive to moisture 

s tre::>s during flo·v;erine; and rna turi ty. 11 It is worst affected in 

growth and yield by moisture stress conditions durine intensive 

flowering for peggins and pod development. u7 

Groundnut requires light clay, rich in calcium, and 

well drained soils. Heavy and stiff clays are not sui table for 

cultivation of this crop because they hamper pod development 

and have poor drainage. v/ell drained sandy loam, loamy and 

black soils give high yield of groundnut. These soils are 

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

7 Kakde ( 198 5) , op. cit, , p. 341. 



spread over Gujarat, Haharashtra, Andhra Pradesh, Karnataka 

and Tamilnadu, which are prominent groundnut gro\'!ing areas of 

India. 

Spatial Variation in Groundnut Area -- ...- __..,.. 

Groundrru t 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 groundnut in the country is concentrated in 

drought prone areas. Drought prone districts of Gujarat, 

Karnatat<a and Andhra Pradesh are major groundrrut 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 annum). 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 groundrn.1t. Six of than are located in Gujarat. 

Five of them had more than 4o 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 groundrnlt. The rena ining groundrn.1t 

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. 



Percentage of 
Groundnu t area 
to GCA 

20.0 and above 

15.0 - 3).0 

10.0 - 15.0 

5.0 - 10.0 

Belo,,.., 5.0 

Total 

Table 2. 7 

Soatial Distribution of Area ~nder Groundnut (1967-70) 

Uumber ·of Districts 

Hahara-
Haryana Gujarat shtra Rajasthan r'l.P. A. P. Karna taka Tam ilnadu 

5 1 ' 1 

1 1 

3 1 1 1 5 2 

2 4 1 6 6 

2 4 8 17 6 3 1 

2 12 15 19 13 6 12 3 

Total 

7 

2 

13 

19. 

41 

82 



Sixty districts had below 10 per cent of total culti­

vated land under groundnut. These include most of drought 

affected districts of Rajasthan, I-1nharashtra, I'·ladhya Pradesh, 

Haryana and some districts of Karnataka and Andhra Pradesh. 

Forty-one districts had less than 5 per cent of their total 

cropped area ur~er 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 groundnut. 

In 1977-80, as shown in Table 2.8 ~nd 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 proportion even 

exceeds above 20 per cent in 7 districts, five of v1hich 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 occupied by this 

crop. In Jamnagar proportion of groundnut acreage in total 

cropped area is 63.7 per cent. 

Sixty-four districts have less than 10 per cent of GCA 

devoted to groundnut. In forty-two districts groundnut 

acreage accounts for less than 5 per cent of GCA. The districts 

with low acreage under groundnut are found in Rajasthan, 

Haryana, Madhya Pradesh and some parts of Gujarat and Andhra 



Percentage of 
Gro·__:ndnu t area 
to GCA 

20.0 and above 

15.0 - 20.0 

10.0 - 15.0 

5.0 - 10.0 

Below 5.0 

Total 

Table 2.8 

Spatial Distribution of ;,.rea under Grou.:ndnu"'c ( 1977-80) 

l:umbr?r o:f Districts 

I·Tahara-
Haryana Gujarat shtra Rajasthan r:.t.P. A.P. Karnatalca Tarn. ilnadu 

5 1 1 

1 1 1 1 

1 1 4 1 

2 3 4 7 6 

2 4 11 15 6 3 1 

2 12 15 19 13 6 12 3 

Total 

7 

4 

7 

22 

42 

82 
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Pradesh. 'rwenty-t\·10 districts of }·1adhya Pradesh, Karnataka, 

t·1aharashtra, Rajasthan and Gujarat have 5 to 10 11er cent 

cultivated area under this crop. 18 districts including 11 

districts of Rajasthan, 2 districts each of Haryana, r·1adhya 

Pradesh and ,\ndhra Pradesh and 1 district of Gujarat, have 

negligible groundnut acreage (less than 1 11er cent of GCA). 

These districts have either bajra or jowar as dominating 

crop in kharif season. 

Comparison of Tables 2.7 and 2.8 de(!icts that its 

(!rO(!Ortion in GCA has increased in district of Gujarat and 

Andhra Pradesh and almost constant in most districts of 

Tamilnadu and Karnataka. In the remaining sta.tes,(!roportion 

of its acreage has rather declined in most of the drought prone 

districts. 

Cotton 

Cotton is an im(!ortant fibre crop of semi-arid and 

sub-humid climatic regions of India. It is primarily a rain­

fed crop in Gujarat, Maharashtra, Hadhya Pradesh, Andhra 

Pradesh and Karnata.ka but in north west India and Tarnilnadu 

it is gro\m on irrigated tracts. 11 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. u8 

B Handbook of Agriculture ( 1.984), op. cit., p. 1021. 



A gro-Climatic Conditions !2.£ Grovrth 

Cotton is a tropical and subtropical plant, which 

successfully gro'ltlS under lov1 rainfall and medium to high 

temperature. 11 Cottori is said to have been evolved as a desert 

shrub, adaptine to harsh and unpredictable environ~ent, but 

it is sensitive to temperature and soil water conditions. u9 

Cotton requires abundant sunshine, adequate moisture, 

and fairly high temperature. Temperature belo·VJ 16° C is not 

conducive for this crop, however, it can tolerate as low as 
~ 

10° C temperature. Cotton cultivation requires a grmving 

season of 180 to 200 frost free days. Temperature ranGe 

27o C - 32o C is optimum for its balanced gro,v-th and Good yield. 

Sunny and warm dnys, cool nights and least cloudiness are 

favourable at the time of flowering and fruition. Cotton can 

be grown in area receiving rainfall between 50 em to 150 em. 

But 50 em,. to 65 an, fairly distributed rainfall is sui table 

for this crop. Soil moisture strains, high temperature and 

excessive soil moisture cause ball sheddin& 

Cotton requires deep, well drained fertile soil. In 

north India it is grovm on alluvial soils while in south 

and central India it is cultivated on black cotton soil and 

red sandy loams. Excessive' soil moisture and water lagging 

is harmful for it. 

• 



Spatial Variations in Cotton A~ 

Drought prone areas acrruired more than "tv-10 third 

(69.85 per cent) of the areas under cotton in the country in 
I 

1977-80. This crop occupies 9. 90 per cent of GCA in drought 

prone areas. Cotton grov;ine; areas are, ho\vever, concentrated 

in I-laharashtra, Gujarat and Karnataka. 82.51 per cent of 
' 

area under cotton in drought prone areas is confined to these 

areas. 1\rea under cotton has declined in droue;ht prone areas, 

hO'.vever, it h·-:s increased at a very low rate (0. 35 per cent 

per annum) 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 Naharashtra, Gujarat, Madhya Pradesh, Karnataka 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 Gujarat and 

Amravati in Maharashtra had more than half of total cropped 

area under this crop. Six districts of these two states had 

more than 4o per cent of GCA occupied by cotton. 

On the other hand 54 droucht 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 



Percentage of 
Cotton 2rea to 
GCA 

20.0 3nd above 

15.0 - 20.0 

10.0 - 15.0 

5.0 - 10.0 

:Selo~ .. ; 5.0 

·~ot::;.l 

Table 2.9 

3:~atial Distribution o::= _·.rc:~a under Cotton ( 1967-70) 

~':tber of ·Districts 

;.: aharas i1:-
E?.r~r:ma Gu.jarat tra ::::.G.jast:1an i·I. P. A.P. ;~arnato.ka T::r.lilr.adu 

5 7 2 3 

1 

1 1 2 3 2 1 

3 1 ...., 2 3 '-

1 3 5 17 5 4 5 3 

2 12 15 19 13 6 12 ., -· 

::o tal 

17 

1 

10 

11 

43 

82 



?able 3.0 

.s atial Distri~Jtion of Area under Cotton 1977-80) 
l.O. of :Jls ·rlcts 

Percentage of Hahara-
· Cotton area to Haryana Gujarat shtra Rajasthan N.P. A.P. Earnataka Tamilnadu Total 

G. C, A. 

2:'). 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 

Belov1 5.0 2 2 6 18 5 4 5 3 45 

Total 2 12 15 19 13 6 12 3 82 



cotton acreage districts are chiefly located in Rajasthan, south 

v1estern I'·1aharashtra, north western I·~adhya Pradesh, some parts 

of Karnataka plateau, western Anclhra 1?radesh, parts of Gujarat, 

Haryana and 'l'amilnadu. 'r',,.,enty-nine districts had negligible 

cotton acreage (less than 1 per cent of GCA), fifteen of them 

are lying in Rajasthan. 

In 1977-80 as depicted in table 3.0 and fis. 2.5 

the pattern r~nains more or less the srune. ~venty five drought 

prone districts, located in 1'·1aharashtra, Gujarat, Karnataka, 

l·:ad hya Pradesh and Andhra Pradesh, have more than 10 [)er cent 

of their gross crO[)[)ed area occupied by cotton. '1\·Jenty districts 

have more than 15 [)er cent of GCA under this crop. Fifteen 

districts, including six districts of eastern Harath· .. mda and 

Vidarbha in i'-iaharashtra, 5 districts of Gujara t and two each 

of T·'ladhya Pradesh and Karnataka, have more than one-fifth of 

gross crorped area occupied by cotton. In Surendernagar 

district of Gujarat, cotton occupied 53.7 per cent of gross 

cropped area. Amravati and Yeotmal district of eastern 

r.laharashtra also have more than 4o [)er cent of total cro[)ped 

area under this crop. 

Cotton occupies less than 10 per cent of GCA in 

fifty- seven districts of drought affected areas. .:\.rnonc then 

forty-five districts have low cotton acreage (less tb.an 5 per 

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

over Rajasthan, Haryana, south west Haharashtra, north \vest 
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I,Iadhya Pradesh, Tamilnsdu, ':!estern Andhra Pradesh and parts of 

Gujarat. Tv1enty 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 

I-'Iaharashtra, Gujarat and some parts of Karnataka, Hadhya Pradesh 

and Andhra Pradesh. It is insignificant in most districts of 

Rajasthan, Tamilnadu, Haryana, south west Ivlaharashtra, ·north 

west rlladhya 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 high acreage districts and increased in lo\'1 acreage 

districts. Similarly in remaining state also it has marginally 

increased in some districts and decreased in others. Decline 

in cotton area in Bhi\'18ni district of Haryana can be attributed 

to the fact that 1967-70 data pertains to Hissar district 

(of which Bhiwani vJas a part). Host 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 drouc;ht prone arens. Importance of these crops 

in the agriculture of drouc;ht prone areas can be L~agined from 

the fact that except gram about t•do third of the area under 

remaining crops in the country is confined to this region 

(drought prone areas). Area under bajra and jowar has declined 

both in drought prone area and the country. HO'dever, decline 

rate of jowar area in drought prone area is very lov1. Cotton 

area has declined in drought ~rone areas, but has marginally 

increased in the country. Area under groundnut is constant 

both in drought prone areas aP~ the country. Gram area has 

increased at slow rate in drought prone areas, ho,;~ever, it has 

decli .ed in the country. 

Jowar, which ncq_uires about 20 per cent of gross 

cropped area, is Hidely gro·.vn crop in drought prone areas among 

the five crops selected for study. It is a dominant crop in 

the districts of Haharashtra, Ivladhya Pradesh, Andhra Pradesh, 

Lrainfall Karnataka and Tamilnadu. Normal annuayin jo\var belt ranges 

between 50 and 99 an, and high moisture retention black soils 

form base of its cultivation in rabi season. ~.,renty four 

districts attribute more than 25 per cent of GCA to this crop. 

Percentage share of jowar area has declined excep.t r1aharashtra 

where it has increased and Karnataka v1here 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 ,~·estern Rajasthan, Gujara t, v1estern Haryana and parts of 

north western I··1aharashtra. Bajra cultivation is a monocul ture 

in ','!estern most Rajasthan. Normal annual rainfall in bajra 

so·wing region re.ilains belov1 50 em. Percentage share of area 

under bajra in GCA has declined in bajra growing areas, 

hO\·.rever, it has increased in some districts of Ka.rnataka. 

Gram cultivation is concentrated in eastern Rajasthan, 

south west Haryana and north west t~ladhya Pradesh. Because of 

soil moisture deficit and high temperature, rest of the 

parts of the drought affected areas do not provide congenial 

environnent for gram cultivation. This crop ac~uires more than 

15 per cent of GCA in 19 districts. Share of area urner gram 

in GCA has increased in western Haryana and v1estern Eadhya 

Pradesh and is constant in eastern Rajasthan. 

Groundnut region consists of the districts of Gujarat, 

Andhra Pradesh, Karnataka and Tamilnadu. Groundnut is a 

dominsnt crop in most of the low rainfall districts of Gujarat. 

Light clay ·vvell drained soils and moderate rainfall (50 an to 

75 cmJ form congenial environment for the cultivation of this 

crop in Gujarat. Groundnut sowing region of south India has 

comparatively higher rainfall and, red and black soil. 

However, acreage of this crop in this region is lovJ 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 Gujara t, . north east Naharashtra and ad joining 

districts of Hadhya Pradesh, and some districts of .tZarnataka 

and Andhra Pradesh. Except a Sr:lG.ll area . .,.,here rainfc:l.ll is very 

low, droucht prone area is potential area for cotton 

cultivation. But its cultivation is concentrated in black 

soil region of Haharashtra and Gujarat. Black soils are 

sui table for cotton cultivation as they are fertile, \·:ell 

drained and have high moisture retention capacity. Percentace 

share of area under cotton in GCA has declined in major cotton 

grov.Jing districts of !"laharashtra and south Gujarat. 

• • • 
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CHAPTER III 

SPATL\L VARIATIONS IN YIELD LEVELS AND GR.O':!TH RATE 
OF BAJRA, JO';JAR, GRAH, GROUNDNUT AND COT'IDN 

Agriculture, Hhich is a source of ern[)loyment to 

majority of peo[)le in India, is largely of intensive subsistence 

type. Package; technology, ·which Has introduced in mid sixties, 

ushered the era of 'Green 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. Crop[:Jing Qattern of dryland renains 

traditional, .as drought resistant crops still dominate it. These 

crops have to depend on erratic and insufficient monsoonic 

rainfall for supply of moisture. I'1oreover, there has not been 

significant breakthrough in seed technology of these crops, 

which could enable them to yield more under existing physical 

environment. Elements of physical environment, 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, jovva.r, gram, groundnut 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. Foo~ 
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P.ro6uction o-:: :sor:~e seJ-:::ct:ec ·:-:ro~~s £or the tr.ier.::iJu.s 1S·S7-7:; 
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s. No. crop 
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2. Jo'.,Jar 

3. Gram 
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'I'ABLE 3. 2 

some selected crops an6 thier 

(YiGlCl in kg/hoJ 

---- Droli9htj2ro ~.....2£§..~~----­ India -------------------- Annual ________ _ s.No. crop 

1967-70 1977-80 -----
1. Bajra ~97 320 

2. Jo·var 5 26 719 

3. Gram 633 635 

4. Groundnut 635 785 

5. Cotton 101 125 

.zmnual 
Compound 
Growth 1967-70 1977-80 
Re~e-----------------------

0.75 387 430 

3.17 530 720 

0.03 6SO 633 

2.14 707 843 

2. 15 1 r. n 
.::.... ' ..... ) 163 

::::ornpound Grov.'th 
Rate 

1. 06 

2. 11 

-0.86 

1.77 

: • 11 

--------------------



grains, jowar and bajra are most irnportant crops, acquired 

19.82 and 13.29 per cent of gross cropped area in 1977-80. 

Cotton, zroundnut and Gram are resrectively, third, fourth 

and fifth ranking crops in the present study. 

Bajra 

Spatial Variation 1£ Yield Level 

Bajra is an important cereal crop, particularly in 

dry areas of north western India. DurinG 1977-80, 68.36 per 

cent of area under bajra of the country ~~s concentrated in 

drought prone areas, v;hile its contribution in total bajra 

production was 50.88 per cent. Yield level of bajra is 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 v1as 320 kgjhactare, 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 Hadhya Pradesh and western Haharashtra. 

Yield of the crop is very lo,.,r in western and north-western 

Rajasthan. High yield districts are spread over Gujarat. 



Yield 
(1977-80) 
(Kg/ha) 
(4) 

800 and 
above . 

600-800 

400-600 

TABLE 3. 3 

Spatial Distribution of yield level and Area of bajra 

( 2 ) 
35.0 & 

( 3) 
25.00-35.0 

( 4) 
15.0-25.0 

( 5 ) 
5.0-15.0 

abov~--------------------

l.Banaska­
ntha 

l.Bhavnagar l.Junagarh 
2.Amreli 

1. Kutch 
2.Bellary 
3.Raichur 

1. Jam nagar 
2.Rajkot 
3.Ahmed.abac1 
4.Bhind 
5. Salem 
6. Tiruchira­

palli. 

l.Dhule l.Sabar-
2.3haratpur K2ntha 

2.Jalqaon 
3.Beed 
4.hnantpur 
5.Bic5ar 
6. Gu lberga 

( 6) 
Belo'.'·' 5. 0 

(7 ) 
1'ot,.,l 

l.Va~o~ara 5(5.17) 
2. Dharr:1pur i 

l.Shivpuri 
2Kolar 

1.3rcuch 
2. J?c.rbn~oni 
3 .l~c nd c·C 
4. Osm2 r,h::: c 
5. Bul(h<3D2 
6.Akola 
7. Rc:t 1 au 
B.Ujj;::in 
9.EanrJsaur 
lO.Datia 
11 • Ra j r_; 3 r h 
12.Shaj;::~~;ur 

13. Kurnool 

II (13-':,8) 

14 • Hy Cc r c, b c c'- 2 7 ( 3 3 • 3 3 ) 
15. :::::hit racu rq3 
16. Dhan'ar 
17. Kolar 
18. 'IUrnkur 



( 1 ) 

200-400 

Belov< 
200 

Total 

( 2) ( 3) 

1.Sikar 

1.Bhi~ani 1.Bikaner 
2 •. N. Garh 
3.Barmer 
4.Churu 
5. Jaisalmer 
6. Jalore 
7. Jhunj hu nu 
8. Jodhpl.r 
9. Na0aur. 

10(12.35) 2(2.47) 

( 4) (5 ) 

l.Ahmednagar l.S.Nagar 
2.Satara 2.Aurangabad 
3.Alwar 3.Ajmer 
4.S.Madhopur 4.Mehboob-
5.Bijapur nagar. 

S.Belgaum 

1. Sangli 

2. Pal i 

12(14.81) 20~24.69) 

( 6) 

l.Sholapur 
2 • Amra vat i . 
3. Yeotmal 
4. 'Ibnk 
5. Indore 
6.Dhar 
7. Jhabua 
8.East Nimar 
9.r"Iecak 
10.Ai:.\ilabad 

(7) 

21(2S.S·3) 

1. Bansv?ara 
2.Chittorgarh 
3.Dungarpur 8(9.88) 
4. Kota 
5. \Ales t Nirnar 

37{45.68) 81.(100) 
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Yield is high in some districts of T8illilnadu, Karnataica and 

north eastern Hadhya Pradesh too. Tvledium yield districts are 

spread all over drought prone region. Bajr3 yield is highest 

in Bhavnagar district of Gujarat ( 1538 kg/ha) and lovJest in 

Jaisalmer district of Rajasthan (62 kg/ha) followed by 

Bikaner, Jhunjhunu 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 yield of bajra. These districts 

are located in Rajasthan and v-Jestern Haryana. Hedium acreage 

districts have very high to lo·v1 yield level. Drouc;ht prone 

.districts of Rajasthan account for 31.56 per cent of bajra 

acreage of drought prone region but it c?ntributes 27.26 per 

cent of crop production of the region. Average bajra yield 

of drought prone districts of Rajasthan ( 300 kc;/ha) is 20 kg 

less than the average of drought prone 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 Clljarat and it contributes 32.97 per 

cent of production of drought affected region. 

Growth .2f Yield 

Production of bajra in the country has declined by 

0.16 per cent annually 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 



Yield 
1 ~·6 7-7 0 
(Kg I ha ) 1 0 • O 

Table 3. 4 

Spatial Di~trib~tion of yiel~ level of bajra 
anc its gro~th rate 

6.0-10.0 3.0-6.0 o.o-3.o -3.0-0.0 l~bove -3.0 Total 

(1) and (3) (4) (5) (6) (7) (8) 
above. . -------(2-) -·--· ·- -------------------------;:-~aba rJ<a ~ta ____ l_( 1':23-) ----

800 and 
above 

600-800 

400-600 

1. Bhavna­
gar. 

2. Arnrel i 
3.Jana­

garh. 

1. Vado­
dara 
2. Salem 
3. 'l·iru­
chir~pa­
lli. 

l.Rajkot 1.Jarnna-
2.Dhule gar. 

1. A hnedab ad 
2.Brauch 
3.Bhind 

l.Dharatpur l.Shi~ani 

2.S •. fv1.Jc1 hcpur 2. Tr(ore 
3.Raj­

garh 
2.Benast- 3.Kurnool 

4. Ana r,t­
pur 

5. Dharme­
puri 

enthG 
3. Ujjain 
4-.~lancsaur 

5.Shivp-
uri 

6.Datia 
7.Shajapur 
S.Bidar. 

9(11.11) 

19(23•46) 



( 1 ) ( 2 ) ( 3) 

200-400 1. Kutch 
2. l'1Y .sore 
3. RDiC hu r 

Be ow 1. Jaisalmer 1. Barmer 
200 2. Jodhpur 

TOTAL 1 ( 1. 2 3) 8 (9. 88) 

-------

( 4) (5 } (6) (7 ) (8) 

-----------------------------------------------------
1. JC'.l'ji30D 
2. :i?c:.r:bhcni 
3. 1'10 nc1ec1 
4-. Bulchc.JD'~ 

6.Ar.1rsvati 
7.Yeotr1al 
8. Rc:: t} e:r:, 
S: • Hy C' r <:~ b "'' c! 

10.Dellary 
11.chit:rac-

ur t_::ps. 
1 2 • Ge1 1 b e r := 
13.Kolc.::r 
14,. Tumkur 

1. Surender-
nagar 

2. Sangli 
3. Bikaner 
4. Pali 

23 1(28.40) 

l.Ahr.ec~nu(::.::;r 1.S;::tc:r2 1.i<<::1hen(c:r 
:? .• J',L.;r<:,nge:bac': 2.Aj:.:er c;arh. 
3.Beed 3.Dhun}apur 2.Banswara 
4-.0smsnbac' 4. 'Ionl-:: 3.ci-d.ttorc;arh 
S.Alv2r 4.Jhunjhunu 
6 • D h'"" r 5 • Ko t <.:! 

7.J·r!<V'.:ua 6.Sikc.:;r 
c.i~ec:a],: 7.\·:est :·:imur "11(50.62) 

n2 ·ar. 
lC.A(ilabc:c'\ 
11. Ce1 -~JaUm 
L:.3ijapur 
12. Dhar'.·.'<c'r 

1. Shelapur 
2. Jalore 

2602.09) 

1. Churu 11 (l3.58) 
2. Nagaur 

11 { 13. 58) 81{100.00) 
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and country as a Hhole, has not declined. It has improved 

Darr;tnally (0. 75 per cent ~er Qnnum) in droucht prone area and 

( 1. 06 per cent per annum) in country as a ·whole. Yield has 

increased from 387 to 430 kg/ha in tl1e country and 297 to 

320 kg/ha in the drout;ht ~rone areas. Because of sluggish 

0r01vth in yield and fallint; acreac;e, bajra rrod1.1ction has 

declin!?d both at national and resional level. It may be noted 

that acreage and production of this crop have declined rapidly 

in drought affected regions \'Jhich still remain a major producing 

region of bajra in the country. 

Fig. 3.2 and table 3.4 depict spatial variation in 

gro\'lth 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 \·!estern Haryana, is 

a cause of concern. Yield.has also declined in some districts 

of eastern Gujarat and south \llestern r:adhya Pradesh but it has 

witnessed high growth rate in western Rajasthan and ·v1estern 

Gujarat. Because of severe drought, bajra yield v1as very lov1 

in western Rajasthan in 1967-70, it has increased at an anrual 

compound growth rate of 20.0 per cent. In Gujarat, ho\'rever, 

yield level was high in 1967-70. 1•1ost of the moderate growth 

rate districts ares apread over eastern Haharashtra, Karnataka 

plateau and Andhra Pradesh. Host of the districts with low 

growth rate are also spread over drought prone arer~s of 

pen insular plateau and r··Iadhya Pradesh. 



Table 3.4 depicts the relationship between yield 

1 evels durin::; 1967-70 and grO'i:Jth rate of yield over the period 

1967-70 to 1977-80. It is evident t:1at except some districts 

of Gujarat, bajra yield has either declined or increased 

marr;inally in high yield districts. Yield has increased at 

low to mediwn :rowth rate in rao~t of low yield.districts. It 

has declined in some low yield districts of eastern Rajasthan. 

i·:ajori ty of medium yield districts have registered lov1 to 

medium growth in bajra yield •. 

J ov.Jar · 

Spatial Variation~ Yield 

Jovmr is an important crop in drought ()rone areas 

as it accounted for 19.82 per cent of gross cropped area during 

1977-80. 68.64 per cent of jo·w2,r 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 jO''.'lar 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 \·Jhole ( 1. 82 per cent). Hoderate increase in yield, both 

in drouGht prone area (3.17 per cent) and country as a whole 

( 3. 11 per cent) is responsible for \'/hatsoever increase in 

crop production. Yield level of jowar in drought prone areas 



Tl~3LE 3. 5 

Spatial distribution of yield level and area of jowar 

Yield---------Acreage (Percentage of Crop Greato .:;cA)l977-80----~----­
(1977-80) 
(Kg/ha) 
( 1) 

8 oo c: no 
above 

600-800 

400-600 

( 2 ) 
35.0 & above 

l.Sate.ra 
2.sangli 
3. B·2ed 
4. l~a r:c ed 
5 • 0 s m a nt; a ( 

1. Aht.1ecna qar 
2. Ad il<;;~)ac 

200-400 l.Sholapur 

Below 200 

Total 8. (9.76) 

( 3) ( 4) ( 5 ) 
25. o- 35. o ___ _12.C-2S~_o _____ 5.0-15.0 

l.Jalgaon 
2.Gulohana 
3.Akola 
4.Arnravati 
S.Yeotmal 

1. Aurangabac 
2. Parbhani 
3. Kurnool 
4. Hycrabac 
5.Ivle6ak 
6. Gulberga 

1. Raj ;-;arh 
2 .l'le hboob nagar 
3.Bijepur 

14(17.07) 

1. BelrJeon 
2.Bellar-j 
3.Bidar 
4. Chi tr.::.curga 
5. Dhr:~ n·)a r 
6. r·1ysore 

1. Brauch 
2.Dhule 
::.East r-amar 
4. n::.tia 
5. Raichur 

1. Bi.:naska nta h 
2. Vadoc"ar2. 
3. 'I\.lml:ur 
4.Dhermapuri 

1.Chuttorgarh 
2.Incore 
3. AnantT:., ... n 

~'. Tj ruchirapalli 

1. Kota 
2. L'·ia uds au r 
3.r.·lest t~i.mar 

4 • Shiv~: u r i 
5. S<~l er;1 

1.Ajrner 
2. 'Ibnk 

19(23.17) 

1. Rajkot 
2.Amrcli 
3. Ku c h _ 
4 Ratlam 
S. Dher 
6. Jhabua 

1. Jamnagar 
2. Bhavna gar 
3. Ahmecabad 
4. S.!'iedhopur 

1. s. Nagar 

18(21.95) 

( 6) 
Se' ov.' 5. 0 

1. Jung-garh 
2.Ujj.Jin 

4. Shajar::-ur 
:s. B"'D :lore 
6. Kol c:·r 

l.B.:=:ns·.-:ara 
2.Dun~:=r>ur 

1. Al';::ar 
2.Bikaner 
3. Churu 
4 • Ja is a 1 •~, e r 
5. Jodhpur 
6.Sikar 
1. Bhh!ani 
2. h. Garh 
3. Barmer 
4.Bharatp~r 
S.Jalore 
6.Jhanjhuna 
7. Nag2ur 
8.Pali 

23 (28. 05) 

(7 ) 
'TOtal 

2 ,::, ( 3 1 • 7 1 ) 

16.(1~.5).) 

11(1~.41) 

11(13.41) 

82(100.00) 



50 

Uli.O 
...... 
u 
~0 ...... 
Vl -0 20 u.. 
0 

olO 
z 

0 

..------. 

-

H M L 

Y\ELD LEVEL 

DROUGHT PRONE AREAS 

100 0 100Kms 

yield of jowar 
(1977- 80) 

YIELD ( KgJha) 

m 800 1 Above -
:I: 

§ 600·800 

ITO 400·600 

~~-j 200·400 

ITJJ Below 200 

J! 
-....J 
~ 
0 
....J 



is almost equal to that of country as a whole ( 719 and 720 

~g/ha respectively). 

As it is evident from fig 3.3 and table 3.5 that 

highest numbers of drought affected districts have hieh 

yield level of jowar. These hieh yield districts are mostly 

spread over drought affected areas of Ivlaharashtra, Karnataka, 

Andhra Pradesh and Tamilnadu. Drought prone districts of 

r1aharashtra alone account for 53.25 [)er cent of jo,'lS.r 

production of drought prone area. Per hectare yield of the 

crop in drought affected Ivlaharashtra is 80 5 :~g/ ha. Drought 

prone areas of 1'-Iaharashtra, Karnataka, Andhra Pradesh and 

Tamilnadu accounted for 84. 17 per cent of jov1ar production 

of droutsht prone area as a whole. Lov1 yield districts are 

spread over Rajasthan and western Haryana. Jowar is not an 

important crop in this part of drou0ht prone area. It is a 

fodder crop, harvested before ri[)ening stage to feed the 

cattles. Ivledium yield districts are concentrated in western 

Hadhya Pradesh and Gujarat. Yield level of 30 districts 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 ~ E.f Yield 

Jowar yield has increased in drought prone areas, 

except that of Baryana and Hadhya Pradesh. Yield has increased 

sharply in Gujarat (6.92 per cent per annum). In Naharashtra 



Table 3. G 
Spatial Distribution of Yiel~ level of jo~ar and its growth rate 

yield 
(1967-70) 
(Kg/ha) 

Annual compound Gro;,:th rwte :;f yielc(1967-70to 19"17=-so-y------------

( 1 ) (2) (3) (4) (:)) 
10.0 & Gbove 6.0-10.0 3.0-6.0 0.0-3.0 ------------------·- ··-~-------- .. -~ -· .. ·~-----M-• 0 ·---·--· 

800 and 
c.bove 

600-800 

400-600 

200-400 1. Banc.ska­
ntha. 

Belov 200 l.Rajkot 
2. Kutch 
3. Bi~:c.n2r 
4. :huru 
S.Joc'h_·ur 
6.N<3gaur 
7 • .?a 1 i 

B(S'.Sb) 

1. ·::::hi tr<:;{:ur".>~ 
2. Dhc:n·: ::r 
3. Kolar 
4. Dh::>r,-c ~:uri 

l.J0lgaon l.Sctara 
2.ADr~vati 2.Kande~ 

3.:Salchana 
4.Bellc:ry 
S.l'lysore 

~.Junagarh l.Dhule 

l.Sanqli 
2 .l!.l:ol a 

4. IJ,::' ti a 
S. Tiruc hira­

r;c;lli 

l.Brauch 
2.Auransabad 2.Jhahu2 

5 • C ~:; r,• c. nb::: c~ S • i\ 6 i 1 ::: --:) ;_: c" 
5.Yect~Gl 6.~ijap~r 
1.shittor02rh ?.Julb2rga 
8.Kurnool 8.F2ichur 
S. HydrabGC 

10.Bclgaum. 

1.Amreli 1.Ahnecno~ar l.Shola~ur 
2.Dungarpur 2.Al~~r 

3 • B a n s ,,,;c. r -3 

4.Sik2r 
5. Ar:.:,nt~1ur 

1.Ja;nnc!J2r 1.S.tJa·:;c:r 1.3hc:rat~.ur 
2.~havn:~ar 2.Ahme~cb~: 

3.3~r~er 3.J~isalmer 

4.Jelore 

L) ( 12. 35 ) 27(-~3.33) 1 .... ( 1 .... ,- ~ ) .:) L.:)L 

( 6 ) 
-3.0-0.0 

1. 'l::co~er;:-; 
2.Ujj2in 
3.Shin(' 
4 • s ha.j ,_, ~; u r 
5 .B:-::r:qlor"::: 

1.Rdtlc::rn 

4.R<::jqc:rh 
5. 'IUml::ur 
6.Sclern 

1. Kate 
2.1-lar:c'':::c.ur 
3.Dhi::r 

1 • S. f·la c ho~J ur 
2. 'Ibnk 

1. ?.hii:2 ni 
2.~-'i.G:-rh 

( 7 ) 
-3.0 

1. ,~j:. er 
2.Jhunjhunu 

2~2.47) 

(8 ) 

9(11.11) 

18(22.22) 

11 (13.5S) 

1 "('~~ t.&:;) -· ,_ -..) . - ...... 

El(lOO.OO) 
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and ;~:1dhra Pro.des:1 yield sho'.'Jecl 3. moderate gr·:·vrth rate, above 

3.0 per cent per annum. In ;~.'1r:nat8.ka it was rather low 

(2.68 per cent per a~~). It is evident from fig. 3.4 and 

table 3. 6 that most districts of •:.restern Rajasthan and Gujarat 

have experienced hic;h crowth in ;jo,,var yield. Yield level of 

these districts is, h0\·1ever, very lovJ. l'1ost of the districts 

of l'~2.harashtra, :Karnatat<a, /\ndhrn Pradesh and Tamilnadu have 

·• registered moderate gro',,rth rate. Some districts of north 

l:arnata\ca, Andhra Pradesh and l··I;:-lh:J.rashtra have increased yield 

at lo',"' growth rate. Yield has declined in most of the drought 

affected districts of I·'ladhya Pradesh, eastern Rajasti'h:m and 

western HaryG.na. 

Table 3.6 shows r~lationship between yield level in 

1967-70 and its c;rowth rate over the decade 1967-70 to 1<)77-80. 

The gro·wth rate of yield is gen-:;rally high in lo,,., yield 

districts. Out of 18 high gro>Hth rate districts, 14 had low 

yield in 1967-70. On the other hand, out of 21 districts 

':!here yield has declined, 11 had hi~h yield and 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 v1estern Rajasthan) and lovJ to moderate in high yield 

district·s (drought affected districts of peninsular 

India). 



100 

Gram -
Spatial Variation 1E Yield 

Gram is a 'rabi' pulse crop, SO\·m with the help of 

conserved soil moisture. Because of moisture deficit even 

during south \vest monsoon season, large parts of drought 

prone areas do not provide congenial environment for the 

growth of this crop. Yet it is sm·m in comparatively high 

rainfall regions of drought affected area, north west India, 

i.e. eastern Rajasthan, north ..,.,est Hadhya Pradesh and v1estern 

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 dov-m by. -1.05 per cent per annum. But in drought 

prone areas, yield is stagna.nt ( 635 l~g/ha) and acreage has 

increased marginally ( 1. 37 per cent per annum). Hence, gram 

production has registered a very low gro\vth rate ( 1. 39 per 

cent per annum). 

It is evident from fig. 3.5 and table 3.7 that 

high yield districts are concentrated, particularly in eastern 

Rajqsthan, north west Hadhya Pradesh and south \·Jestern Haryana. 

Highest nwnber of districts ( 46) have medium yield. Hedium 

yield districts are spread almost all over drought prone areas, 



TABLE 3. 7 

Spatial distribution of yield level anc area cf gram 

--- --------------------- -------------------------------·------------:{ield 
(1977-80) 
(Kg/ha) 

( 1 ) ( 2) 
20.0 and 
above 

( 3 ) 
15.0-20.0 

( 4) 
10.0-15.0 

( 5 ) 
5.0-10.0 

( ~) 
Below s.c 

( 7 ) 
'lbtal 

-----------= ------------------ -------------------------------
~OOend 
~bove. 

--800 

1400-600 

1. Bhiwani 
2.M •. Garh 
3.Alwar 

1. Bhind 

1.Datia 

1.Bharatpur l.Jbunjhunu l.Ajmer 
2.S.Madhopur 2.Sikar 

1. Indore 

1.Banswara 1.Pali 
2.Dungarpur 2.Shojapur 
3. Kota 

l.Chittargarh l.Jhabua 
2. 'lbnk 2. Shi vpur i 
3.Ratlam 3.Rajgerh 
4.Ujjain 
S.Handsaur 
6.Dhar 
7.Bidar 

8(9.76) 

l.Barmer 
2.Bikaner 9(10.98) 
3. Tiruchirapall i 

1. Jamnagar 
2. Rc:jkot 
3.S.Ncgar. 
4.BhavnaC}ar 
S.Amreli 
6. Junagarh 
7. Kutch 
S.Banaskcntha 
9.Sabarkantha 
lO.Ahmecabec 
11. Vadacare 
12.Brauch 
13.Dhula 
14. Jalqaon 
15.Ahmednagar 
16.Sangli 
17. Jaisalrner 
18.Jalore 
19.Jo8hpur 46(56.10) 
20.Nagaur 
2l.VJ.t-amar ..,.. 
22.E.Nimar ~ 
23. P:urnool ~ 
24.Hydrabac. 



Table 3. 7 conto ••• 

( 1 ) ( 2) ( 3) (4) (5) 

4 00-600 

200-400 1. Osmanbad 
2. Churu 

Belov.' 200 

To tel 5 (6.10) 2(2.44) 17(14.63) c (10.98) 

( 6) 

2S.B;cn lore 
2 S • Be l g 2 \.: ;n 
27.Bellary 
2U.Chitr2C:urga 
2~'. Kolar 
3 0. i;Jy sore 
31 • .Raichur 
3 2. Tuankur 
33.Salem 
34. Dhama~~ uri. 

l.Satar2 
2.Sholapur 
3._<\ur::onq::c2ac~ 

1.Psr8har:i 
s.;3eec 
6. ·Nand e( 

7 • B u ~- d h a n a 
8 •. ~"Kclc:. 
9. ·,rect:·.~c: l 
lO.l~112r~t·-·~r 

11.Herlak 

13.Acili0:-:ac' 
14. Bij 2· ;_,r 
1 5 • D h a r.--:: r 
16. Gu ll:::c.:-c-)<":= 

54(~5.5:)) 

( 7) 

18(21.95) 

1(1.22) 

82(1CO.OO) 
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concentrated in C:Ujara:t. south western J:-1adhya Prndesh. 

Yarnataka and Tamilnadu. Mediun yield districts are concentrated 

in Gujarat1 south \·vestern I1adhya Pradesh, l\arnatalm and 

Tamilnadu. LO\·l yield districts are concentrated in r.Taharashtra 

and lillrnatat~a plateau. Drought prone districts of Rajasthan, 

Haryana and Hadhya Pradesh account for 85.43 per cent of cram 

production in drought prone areas. Rajasthan alone contributed 

46.81 per cent of gram production of droue;ht prone areas. 

Growth Rate of Yield 
--~~.------ -----

As mentioned earlier, gram yield in drour,ht prone 

areas remains sta&1ant over the period 1967-70 to 1977-80. 

Except Haryana and Gujara t, yield has increased in all other 

drought prone regions. However, its growth rate is very low 

in Hadhya Pradesh, Rajasthan, Karnataka and Tarnilnadu. It 

has increased by more than 4 per cent in Andhra Pradesh and 

by more than 2 per cent in I•1aharashtra. Annual compound 

growth rate of gram yield in drought prone areas is meagre, 

o. 03 per cent. 

As shoVln in fig. 3.6 and table 3.8 only two 

districts (Jhunjhunu and Ajmer in Rajasthan) have registered 

high gre>.-rth rate of yield. Growth rate is moderate in ten 

districts and eight of them are located in Naharashtra and 

Andhra Pradesh. Major parts of drought prone areas in 



TABLE 3. 8 

Spatial distribution of yield level of gram and its growih. .rate 

Yield 
(1967-7) 
~g/ha 

(1) (2) 
10.0 & above 

(3) 
'~. 0-10. 0 

-------------------------------
800 and 
above 

600-800 

400-600 1. Jhunj­
hunu 

( 4) 
3.0-6.0 

-------
1.Alwar 

1. Kota 

{5 ) 
0.0-3.0 

------------------------

\6) 
-3. o- o. o 

( 7) 
Above -3. 0 

( 8 ) . 
'Ib<l!al 

-------------------------
1.Bharc:.t 

pur 

1. Dunqarpur 
2.S.Madhopur 

1. Jam nagar 
2.Junagarh 
3.VadodGra 
4.Brc:.uch 
5 • 8<3nSW<Jra 
6. Tonk 
7. Indore 
8. i··lanCls au r 
g.Dhar 

10.Jhabua 
ll.Datea 
12.Shajapur 
13.Ban:]lore 
14.Belgaum 
15.Bellary 
16.Bidar 
17. So 1 em 

l.Bhiv.;ani 
2. r·1. Gc:rh 

l.Amrc:li 
2. Banner 
3.Bikaner 
4.Jalore 
5. Jodhpur 
6.Nagaur 
7.Pali 
E.Bhind 

1. .Rajkot 
2.S.Nagar 
3.Bhcvnz..:c_rc::r 
4.Banask2nthc:; 
S.Sebarkantha 
6. _;; hmetJ eb<::c' 
7.Chittorgarh 
B.Ratlc;rn 
9.Ujjain 

1 0 • ~··I • N i m 2 r 
11.E.Nimar 
12.Shivpuri 
13.Rajgarh 
14. Chi tradur·;a 
15. GUlberga 
16.Kolar 
17 .r..-Iysore 

1. Kutch 5(6.10 

1.Jcisalrr.er 

12(14.63) 

40(48.78) 



Table 3.8 contd ••• 

( 1 ) (2) ( 3 ) 

----------------------------

1200-400 l.Ajmer 

Belmv 200 

'I'otal 1(1.22) 1(1.22) 

(4) (5 ) (6) 

18.Dharmapuri 18.Rcichur 
1 9 • ':::'i r u chi r a- 1 9 • 'I'U rn 1<: u r 

r)alli 

l.Jalgaon l.DhGle 
2.Ahmednagar2.Satara 
3.Aurangaba(3.sangli 
4.0smanbad 4.So1Gpur 
5.Kurnool S.Parbhani 
6.Anantpur- 6.Beed 
7.Hyderabad 7.Buldhana 
8.Adilabad 8.Yeotmal 

9.Hedak 

l.Nanced 
2.Akolc. 
3.Churu · 

10. Hehboobnagar 
11.3ijapur 
12. Dbarv:ar 

10(12.20) ·35(42.68) 32(39.02) 

(7) (8) 

l.i\mravati 

25 ( 3 0. 4 9) 

0(0.00) 

3(3.66) 82(100.00) 
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peninsular India, eastern Rajasthan and west I·iadhya Pradesh 

have registered low gro·wth rate of yield. Yield has rather 

declined in vast areas of Rajasthan, south west Haryana, 

Gu jara t, Had hya 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, it has increased in t1·1enty-one 

out of tvventy-five lovJ yield districts, through growth rate 

h:-. s been low in t\.'lel ve districts. 

Groundnut 

Spatial Variation 1£ Yield 

Groundnut is an industrial crop of drought affected 

area of India. These areas accounted for 64.58 per cent of 

acreage and 6o.10 per cent of production of groundnut in the 

country during 1977-80. Groundnut production in the country 

has increased at a slow rate (1.94 per cent) over the period 

1967-70 to 1977;,..so. \"lhile the acreage is almost stagnant, 

yield has increased at an annual grO\'Ith rate of 1. 77 per cent. 

Hence increase in groundnut production is attributed mainly to 

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



Yield 
(1977-80) 
(Kg/ha) 
( 1) 

1000 and 
above 

( 2) 
20.0 and 
above. 

Acreage (Percentage o~ 

( 3) 
15.0-20.0 

(4) 
10.0-15.0 

TA3LE 3. 9 

(5) 
5.0-10.0 

( 6) 
3elov.1 5. 0 

l.Bhavnagar l.Dharmapuri l.Tiruchira-1.Bellary l.M.Garh 
2.JUnagarh palli 2.Chitradurga 2.Danglore 
3.Salem 3.Mysore. 

800-1000 l.Amreli l.Kolar 1. TUmkur 1. Kutch l.Hydrab:::c1 
2. Anantpur 

600-800 1. Jamnagar 
2. Rajkot 

400-600 

1. Kurno6L 1.Mehboobnaqar 1.S.Nagar 
2.Belgaum 2.Jc.lgaon 
3.Raichur 3.Satara 

4.Sangli 
5 .Chi ttorg3rh 
6.Shajapur. 

1.Sabarkan- l.Dhule 1.S.Hachcpur 
2. Tonk 
3.Eiandsaur 
4. Dhar\-var 

tha. 2.Dharwar 

7 

1.13anaskantha 
2.Vadodara 
3.Brauch 
4. A hmec" nagar 
5. Sho 1-:=.rur 
6.Perbhani 
7. See('_ 
s.A:nrc:·..;;:iti 
9. Barrner 
10. Ja lore 
11. Ujjain 
12.Bhi.nc 
1 3 • shiv~~ u r i 
1L.t-. Datia 
15.r,:ec1ak. 

1 
. - . . 

• A h:n e c: c: .8 "3 c-
2. Aura ng<.:~bad 
3.Nancec 
4. OsmanbcJc 

(7) 
Total 

10(12.50) 

6 (7. 5 ) 

27(33.75) 



Table 3.9 contd •• 

( 1 ) ( 2) ( 3) (4) 

--------------------------

Belov-1 400 

Total 7(8.75) 4(5.00) 7(8.75) 

(5) ( 6) ( 7 ) 

---·----------------------------
5. ~~1. Nimar 
6.E.Nirnar 
7. Raj garh 
8.Bic'iar 
9.Bijapur 
10. Gulberga 

l.Ajrner 
2. Jhabhua 

22(27.50) 

S.Akola 
.:, • Yeotmal 
7. AlvJar 
8.Banswara 
9.Bharat-;ur 
lCJ. C:huru 
11. Du ngarpu r 
12.Jhunjhuna 33(41.25) 
13. Jodhpur 
14.Kota 
15. Nagaur 
15. Pa li 
17.Sikar 
18. Indore 
19. Rc. tlac.1 
20.AC.ilabao 

l.Buldhana 
2.3ikaner 

40(50.00) 

0(5.00) 

BO(lOO.OD) 
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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 annum). Incr-:ase in yield ( 2.14 per cent 

per annum) is mainly responsible for increase in production 

of groundnut in drought affected areas. 

Des9i te the fact that gro,,.,rth rate of yield in' drought 

prone areas is higher than that of country as a whole, its 

yield level was 58 kg less than the yield lev el of country 

during 1977-80. Drought prone areas and coPntry have 785 kg/ha 

and 843 }:g/ha respectively groundnut yield during 1977-80. But 

groundnut yield is more than that of country as a whole in 

droueht affected areas of Gujarat and Tarnilnadu. Average yield 

in Tamilnadu and Gujarat is 1167 and 896 }:3/ha res!;)ectively. 

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 Tru:1iln.:'1du 

account for 82.80 per cent of groundnut production of drought 

affected areas. 

Fig. 3. 7 and table 3. 9 sho''' spatial variations in 

yield levels of groundnut. It is evident that maxL~um numbers 

of drought affected districts have low yield level. Low yield 

districts are concentrated in Rajasthan, "':·Jestern T·'1adhya Pradesh, 

eastern Haharashtra and north eastern Karnatal~a. High yield 



deld 
(1967-70) 
(Kg/ha) 

(1) (2) 
10.0 & above i' ___ .:=....;::.....:;., 

000 and 
bove 

00-800 

~00-600 

Table 3.10 
Spati.§.l_distribution of vielc1 J~.Y~l_Qf grounonut and its c;rowth rate 

(3) (4) 
6.0-10 3.0-6.0 

.~~--~.;......=. 

1. Bellary 
2.Salem 
3.Dharmapuri 

(5 ) 
o.o-3.o 

1. Juna:]arh 
2.1·1ysore 

1.Chitradurga 1.BanglOL' 1.Kutcb 
2. TUmkur 2. S ngl i 
3.Tiruchirapalli. 

1. Jamnagar 
2. Rajkot 
3.Bhavnagar 
4. Arnrel i 
5.Ahmednagar 
6. Bans\·iara 
7. Du ngarpur 
8. Hydrabad 

3 .l'>mravati 
4.E.Nimar 
5. Kurnool 
6.Anant?ur 
7 .IV:edak 

1.3anaska-
ntha 

2 .Ah[i1ecabaa 
3. \7-:c"odara 
4.8rauch 
5. She.l a pur 
6.Aurangabac 
7 .nehboobnagar 
8. Bel gaUin 
9. Gulcerga 

( 6) 
-3.0-0.0 

1.Parbhani 
2.Kolar 

(7) (8) 
Above -3. 0 'lbta 1 ·------ ·=-=---
l.Satra 1~1.35) 

1. Raichur 

l.Sabarkantha l.Nanded 
2.Dhule 2.S.Madhopur 
3. Jalgaon 
4.Seed 
S.O.smanbac 
6.Akola 
7.Yeotmal 
S.Al':Jar 
9. Chi ttor -J,:Jr h 
10. Ko ta 
11. Ratlc.L .. 
12.iJjjain 
13.Dhcu 
14 • ;.; e ::: t n i '-' c:. r 
15 • s :·Ji V'::- u r i 
16 • Ra j 'J-~ r h 
17.Shajapur 
18 • A c i 12 !) a <~ • 

1.Bu1chana 
2.Indore 
3. Bij ;::,~)Ur 
4. Kolc:r 

3 • I··lG nc3 s au r 
4.Sic?o::,r 

1. JhJ b J.2 

33(44.59) 

22(29.73) 



Table 3.10 canted •• 

( 1 ) (21__ (3) (41__ __ 21_ _____ --.l§l ______ ___i 7 ) (8) 

Belov: 400 1. Jhunj huna 1.Bharatpur l.S.Nagar 1.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(32.43) 7(9.46} 74 (100. 00) 
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districts are less in numbers (16) and are spread over drought 

affected south western Gujarat, Tamilnadu, Anr; hra Pradesh and 

south Karnataka. Hedium yield districts are spread all over 

India, particularl~ in western Iviaharashtra, Andhra Pradesh and 

Karnataka. 

Growth ~ .9.f Yield 

As mentioned earlier, groundnut yield in drought 

prone areas has increased at an annual compound growth rate of 

2 •. 14 per cent. Looking at its spatial breakup, yield has 

increased in drought affected areas of Gujarat, Ta~ilnadu, 

Karnataka and Andhra Pradesh and has declined in rest of 

drought affected areas. Some districts of Rajasthan, I··1adhya 

Pradesh and Haryana have very large growth rate of yield. This 

is because of the fact that groundnut production in these 

areas was absent during earlier 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 groundrn.rt yield;. Haximum number of 

districts (31), particularly spread over Maharashtra and 

r~ladhya Pradesh, have registered decline in yield. Yield level 

is also low-in·most of these districts. Most of the drought 

affected districts of Gujarat, Tamilnadu and south Karnataka 

have experienced modet>ate growth in groundnut yield. Low 

growth rate districts are stretched over Andhra Prades~ north 

Karnataka, Gujarat and r.laharashtra. 
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It is evident from table 3.10 that out of eight high 

growth rate districts, seven had very lovv yield level during 

1967-70. These lo•:J yield districts are concentrated in 

Rajasthan. Similarly out of 18 moderate gro\tlth rate districts, 

ten had lovv yield level. On the other hand, out of thirty-

one districts ·v;here yield has declined, four had hic;h and 

twenty-two had medium yield level. This implies that groundnut 

yield has increased in most of the districts ivhere yield 

level was lO\'l during 1967-70. 

Cotton 

Spatial Variation ~ 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 lov1 in these areas. Yield in drought 

affected areas was 125 kg/ha during 1977-80, which was 38 kg less 

than the average for the country. Hov,ever, 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 kg/ha resl)ectively. On the other hand, yield is 

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



Yield 
(1977-80) 
(Kg/ha) 
( 1 ) 

TABLE 3.11 

Spatial distribution of yield level anc area of cotton 

--------------------------------------------------------------------------------------

(2) (3) 
2Q.O & above 15.0-20.0 

(4) 
10.0-15. 0 

(5 ) 
5. 0-10. 0 

( 6) 
Be1 ow 5. 0 

(7 ) 
'Ibta 1 

!----- -----·-----
250 & 
above. 

200-250 

lS0-200 

1. Raichur l.Rajl<ot 

1. s. Nagar 1. Kutch 
2. Sabarkantha 
3. Ve.dodara 
4.Buldhana 

l.Amreli 
2. Junagara h 
3. Gulberga 

l.Bh.:.~vnagc:::.r 

1.3hi'''ani 
2. Jamnagar 
3. Bc:.nas};:antha 
4.Ahmec'l.naqar 
5.Satara 14(18.42) 
6. Sholar~ur 
7. Kolar . 
8. 'lurnkur 
9.Salem. 

1.?\lv:ar 
2. 3arn;er 
3.Bharat~~ur 
4. ::Ji1-<:aner 
S.Churu 
6. Dun gas::' Gr 
7.Jhunjhunu l5(1~.74) 
s.Jochpur 
9. Kot::: 
10. t~a gaur 
11. s. Hc;rho~cur 
12.Sik<~r 
13. 'Ibnk 
l·~. i:·1ehboo8na ·-:-;:r 
15 • Ti r u c h i r ·3 ~, a 11 i 
1. S2ngli 
2.Ajmer 
:? • J·: lore 
4-.?ali 
5 .!.:ysore 
6. Dharn;apuri 

1~(17.11) 



TABLE 3. 11 c ontd ••• 

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

-------- -----
.00-150 l.Ahmedabad 1. Jalgaon l.Aurangabac 1. Dhule l.Beed 

2.Brauch 2.Bellary 2.Bijapur 2.0.smanbac 
3.Dharwar 3.Chittor;:rarh 13. (17.11) 

4.Anantpur 
5.3id2r 

elov.J 1. Parb hani l.Adilab;3o 1. Dhar 1. Ba nsv12ra 1. Indore 
00 2.NanCled 2. Kurnool 2.Ratlam 2 .1''12 nds aur 

3.Akola 3. Ujjain 3. Hydrebc:d 21 (27.63) 
4.Amravati 4. Jhabu·_a 4. t-'leda 1<.: 

5. Yeotmal 5. Raj garh 
6. IJ. 1:-Umar 6.Shajapur 

~tal 
7. E. Mimar 7 • Chi tr a cl UX'')t).. 

15. (19.74) 5(6.58) 5(6.58) 12(15.79) 39(51.32) 76 (l·JO. 00) 
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yeild of cotton 

(1977- 80) 



in drought affected areas of Hadhya Pradesh, l·Iaharashtra and 

Andhra Pradesh. 

It is evident from fig 3.9 and table 3.11 that most 

of the drought affected districts of Guj3.rat, Rajasthan, 

Haryana and Tamilnadu and some districts of I'.'iaharashtra and 

Karna taka have high yield level. 1/laxir.lum number ( 34) of 

districts have lov1 yield level. Lovr yield districts are 

concentrated particularly in Haharashtra, \•Jestern Hadhya 

Pradesh and Andhra Pradesh. Yield is very low in drought 

prone districts of eastern Haharashtra and t:Iadhya Pradesh. 

Hedium yield districts are concentrated in Gujarat, southern 

Rajasthan and some parts of Karnatal:a. 

It is evident from table 3.11 that out of 29 high 

yield districts, acreage is less trmn 5 per cent of GCA in 

24 districts. Host of these low acreage and high yield 

districts are located in Rajasthan and. western Haharashtra. 

On the other han~, out of 34 low yield districts, 9 districts 

have acreage less than 5 per cent of GCA. Seven of thepe ~ 
" /- 'tn\..t{ • ,.;y 

districts have less than 10 per cent of GCA under cotto · • 

Growth ~ .2.f Yield ..... ) ·'-"-1 . . . 
Production of cotton in India, over the period -~967~~ 

70 to 1977-80, has increased at an annual compound growth 

rate of 3. 46 per cent while in drou0ht prone area it has 

increased comparatively at low grovJth rate ( 1.6o per cent). 



ield 
1967-70) 
Kg/ha) 

TABLE 3.12 
Spatial distribution of yield level of cotton and its gro~th rate 

----- ·---------------------

(2) (3) (4) (5) (6) (7) (8) ( 1 ) 
1 0. 0 _and a boY.§L..§_.!.2,:: 1 0 ~-2.:..9.::hQ __ __Q~- 3 .!..2 __ . ___ -_3. 0- 0. 0 Above -3.0 ~tal ___ ..,. -~ - -- ..... ------

50 and 
bove. 

00-250 

~50-200 

e 1 O\•J 100 

:-otal 

l.Anantpur 
2.!'-'lehboob-

nagar. 
3. Bel:;ramn 
4.3iciar 
s.nyscre 
6. Tumkur 

6(8.11) 

1.Jamnaqar 1.R3jkot 
2.Banaskan- 2.Amreli 

tha 3.Junagarh 

1.Sabarkantha1.Ajrner 
2. Ahmec.nc.gar 2. Bar[ner 
3.Bharat~ur 3.Jalore 
4.Dungarpur 4.Kota 
5. Jodhpur 5. Na•::;aur 

l.S.Nagar 
2.Bu1dhana 
3.A1vicr 
4. Bell 2.ry 
5.3ijapur 

6.S.Hachopur 
7. 'Ibnk. 

1.Dhu1e 
2.Aurangabad 
3.Beed 
4. Osma nl:: ad 
5. Kurnool 

1. BhivJani 
2.Sholapur 
3.Salem 

1.Bhavnagar 
2.Sanq1i 
5.Gikaner 
,1. Jhu nju hunu 
s.siJ.:ar 

1. Ku tcb 
~:. r..:hi ttcr-.~crh 
-. .., 1 . 
-~ • =-a l. 

1. ,J<;1gaon 
2.Parbhani 
3. l':a ndec 
4 • .2\kolc: 
5. Yeotr:·;al 

6. Raichur 6.Chitradurga6.~har 
7. Dharv:ar 7. R2 t 1 a r7l 

8. Gulbergc 8. IIyc erab,:.H' 
13 (17.57) 12 (24.32) 19(2.5.68) 

1.Satara 
2.Tiruchirapalli 

1. Dham2pur i 

1. l~ h;~ e .. ~-.. z:1.;:: ( 
2. ~-:. 1-~i~~-:~·:r 

l.Amravc:ti 
2. Bans;:-.·ara 
3. Inc ore 
4. Gjjain 
5. Jh2 1Jua 
6. E. Kiu.=; r 
7 .Aoilab:.;c; 

13~17.57) 

l.Vadodara 

1.Brc:uch 

1 • .?e j g.:: r h 
~ . s 1--: 2 j :: ···~ u r 

1.::2ndsaur 

- (h 7'-) :::> ..... • ','":: 

2(2.70) 

5(6.76) 

11(1~.86) 

=c(;:"7.03) 

3S(~S.6'5) 

74(1<)0.00) 
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[I] -3.(1- 0.0 

D Above -3.0 

high (h) 
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Low c;rov,rth rate of cotton production in drou~ht 9rone arras is 

attributed to shrinkage of area and canparatively lm·T growth 

rate of yield ( 2. 15 per cent per annum). '.!hile acreage is 

constant (0.34 per cent) and yield has increased at an annual 

growth rate of 3. 11 per cent in India. 

Cotton yield has increased in drought affected areas 

of all states except T•ladhya Pradesh. Fig. 3.10 depicts spatial 

variations in grov.rth rates of yield. It is evident that high 

r;rowth rate districts from a conti~:;uous belt in Karnataka, 

Andhra Pradesh and are also located in Gujarat and. some parts 

of Rajasthan and T11aharashtra. Cotton yield has declined in 

most of the droucht affected districts of Hadhya Pradesh, 

south eastern Gujarat and Taoilnadu. Hoderate gro\'/th rate 

districts are scattered all over drought affected areas except 

Karnataka and f:ladhya. Pradesh. Low growth rate districts are 

particularly located in parts of T>'Iaharashtra, Hadhya 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 \-¥estern 

r·1adhya Pradesh and adjoining region of Gujarat and 

Haharashtra. 

Table 3.12 sho,-;s relationship between yield level of 

cotton during 1967-70 and its grO\'lth 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 



fifteen have registered moderate growth rate in yield. On 

the other hand, out of seven hich yield districts, four have 

reGistered decline in yield. Yield has increased at a slov1 

rate in remaining three districts. In most of the drought 

affected districts \·Jhere yield level \'las lo\·l during 1967-70, 

it has further declined. It has declined or remained 

stagnant in high yield districts. 

Summing Up 

Bajra, \·Ihich is a staple crop, is vridely sovm in 

drought affected areas of Rajastha~ western Haryana and 

Gujarat. Its yield is high in Gujarat but lov1 in Rajasthan 

and western Haryana. Yield remains very low in areas v-thich 

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 seeds. 

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 

grov1th rate of yield, while it hns rather declined in eastern 

Rajasthan and v1estern Haryana. High growth rate of yield in 

\•Jestern Rajasthan is because of the fact that during the 

base period ( 1967-70) it v-ms very lov.I due to severe and 

continuous drought. 
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Jowar is a cereal crop in large portion of drought 

affected areas, viz. l·hharashtra, ~~arnatal{a, Andhra Pradesh 

and Hadhya Pradesh. Drought prone areas are doing better 

in terms of jov1ar yield and its grO\'Ith. Yield level and its 

[?;rowth rate are equal in country and drought affected areas. 

Except Hadhya Pradesh where yield level is mcd ium, it is 

high in rest of jovmr S01...ring areas (peninsular India). J owar 

yield is lo"" to medium in rest of drought affected areas "Vlhere 

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 I:ladhya Pradesh. Gujarat and v1estern 

Rajasthan where yield level \'las r-aedium to lov1 during base 

years have registered high grov1th rate. 

Gram sO\'Jing area is confined to eastern Rajasthan, 

v1estern Haryana ~nd no~th-western Hadhya Pradesh. Yield of 

the crop is high in eastern Rajasthan and south western 

Haryana., and medium in north \·Jestern l·1adhya Pradesh. Yield 

level of gram is stagnant in drought prone areas. It has 

declined in western Haryana, increased at low rate in 1:-restern 

Hadhya Pradesh and eastern Rajasthan. It has marginally 

increased in peninsular India, where gram is not a significant 

crop. 

Groundnut is an important oilseed crop of Gujarat, 

Andhra Pradesh, Karnataka and Tamilnadu. Its yield in 
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drought prone areas continues to re:aain below the average of 

the country. It is high in Gujnrat, scuth Karnatalm, 

Tamilnadu and parts of Andhra Pradesh. It is mediu~ in rest 

of groundnut SO\'!ing areas. Yield has increased at low rate 

in drought affected areas. It has increased at low to 

moderate gro\vth rate .in major groundnut producine; areas and 

has rather declined in l'-1aharashtra and Hadhya Pradesh. 

Cotton, a fibre crop, is important in Gujarat, 

I'1aharashtra and Karnataka. Its yield is high to medium in 

Gujarat and some districts of vrestern Haharashtra and 

Karnatalca. Majority of districts in i1aharashtra and Ka.rnata.ka 

have registered low yield. Tamilnadu, \'/estern 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, l'1aharashtra and Karnatalca. It has 

declined in 1>1adhya Pradesh. 

Except jowar and gram, yield of bajra, groundnut 

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 moderate growth rate, v1hile gram 

yield is stagnant. Yield of groundnut and cotton has also 



increased at a _l0\'1 rate. Bajra yield has also increased, 

thouch, at a very low rate. 

It is evident from spatial and temporal pattern of 

yield levels of selected five crops that drought prone area 

of Gujarat is doing better, having high yield level of bajra, 

groundnut and cotton, and mediu~ yield level of jov~r and gram. 

The condition in v1estern Rajasthan is depressing \·Jhere yield 

of even bajra is very low. Bajra yield is low in eastern 

Rajasthan too, however, gram yield is h~gh in this region. 

Hadhya Pradesh is also a depression in terms of yield levels 

of the five selected crops. Except jowar and gram vvhich have 

medium yield level in the region, yield of bajra, groundnut 

and cotton is low. Yield level of the four crops is low in 

Haharashtra except jowar. In Karnataka too, yield levels of 

important crops, groundnut and cottoiJ., are low. Hov1ever, 

jO\tar yield is high in this region. Yield of jov~ar is medium 

to high in Andhra Pradesh. Groundnut and cotton yield are 

mediu~ and low respectively. Yield of all the crops is high 

in Tam ilnadu except gram. South -v1estern 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. Jo·vr.:.r yield is comparatively 

high, but still it can be increased in drought affected areas 

of r-laharashtra, Hadhya Pradesh, l~arnataka and Andhra Pradesh. 

The manipulation of seeds technology is an imperative as the 

extension of net sovm area is constrained. Hore judicious 

use of available moisture and further conservation strategies 

may deliver the good in future. 

• • • 



CHAPTER IV 

RAINFALL PARAt·:~ETI.:RS AS DETEH::IIIAN'l'S OF AREA UNDER 
SELECTED CROPS AND TIIEIR YIELD IN DROUGHT 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

tutional factors. Advancement in science and technology and 
( 

progressive changes in socio- econor:1ic conditions in twentieth 

century have been able to pull out to some extent, the 

aGriculture along '>lith other sectors of economy, of the 

crisis of stagnation. Technoloe;ical break through, in terms 

of mechanization, irrigation facilities, nevi seeds (HYV and 

quick ripening varieties), chemical fertilizers, insecticides 

and pesticides, h3Ve been able to increase agricultural 

production in accordance with demand. But still major parts 

of the developing countries, have not been successful to 

\ l 
. ' 

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 dominate the 

agriculture of these countries. Vast majority of third \'!Orld 

population depend on agriculture to earn their livings. 



131 

Talkinc about the measures to protect the crops from climatic 

vagaries and ensure food for .hu~an beinGs, the Director 

General of Food and Agriculture C'rsanisation of United Nations 

made a statement of Press on 1 February 1973: 11 It is intolerable 

that this world of 1970's with all its scientific progress and 

its slO';Ily grO\<Jing sense of cor::1mon purpose, should go on 

endurin,::; a situation in v;hich the chances o:L enoueh decent :food 

for millions of human beings may simply depend on the whim of 

1 one year's itJeather .. " 

Ne\'! teclmological inputs in agriculture have been 

partially successful in reducins adverse effects of climatic 
( 

factors on ac;ricuitural development. Assured v1ater 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 varia·tions in agricultural production 

up to a great extent in different parts, bee 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 Retort of National Commission on Agriculture, 
1978, part 4, Hinis ry of Agriculfure arid Irrigation, 
Government 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 IHhich occur from year to 

year, the remaining ::D per cent being due to other factors like 

irrigation, manurinG and plant protection measures etc. 112 

Influence of climatic factors is much pronounced in developi nc; 

countries where ne1·1 agricul tur:J.l technology is either not 

available or is scale-biased. 

Influence of wec:.ther phenomenon on agricultural 

production is obvious as crops are grown on open fields, 

involve biological gro·v;th and bear fluctuations in ·Heather. 

F'or its sound growth and successful production, a crop requires 

optimal temperature, soil moisture and sunshine.· Requirement 

of these factors, hO\vever, varies for various st3.ges of a 

crop growth, and different crops re~uire different 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 '"here gro,..,th of 

plant tissues depends on photosynthesis which is a function of 

solar radiation, carbandioxide, soil moisture and soil nutrients.­

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. 



In the above mentioned clii·natic factors, rainfall is 1 / 

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 detennines the potential of any region 

in terms of crops to be raised, farming system to be adopted, 

the nature and sequence of f::..rm ing operations to be followed, 

and targets to be achieved in agricultural productivity. "3 / 

Availability of soil moisture depends on rainfall received, 

its parruneters and fluctuations in occurance. These parameters 

have direct bearing on area and yleld of crops.· Rainfall is 

the most dominant climatic factor, v.rhich caused variations in 

agricu'~~ral production in tropical and subtropical regions of 
J 

the world \·lhere sunshine and temperature are not limiting 

factors. Despite continuing efforts to meet the soil moisture 

demand of crops v1i th the help of irrigation, a vast tract of 

globe, particularly arid and semi-arid zones, n~s to depend 

on rainfall para~eters to raise the crops and rear the cattles.\ 

"Rainf!:!ll 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 se3sonal 

3 Jasbir Singh and s.s. Dhillon (1984), Agricultural 
Geography, New Delhi, p. 71. 

f . 
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amounts, frequencies, short tine intensities, droucht sl_)ells, l / 
wet Sl_)ells and other variabilities. 4 

In India too, rainfall is a dominant factor, resl_)on- · I
./ 

sible for variations in crop pint; pattern and agricultural 

productivity in space and time.r "0£ the major weather elements 

affecting crop production, such as temperature, sunlic;ht, 

moisture and ';lind, moisture is by far the most important single 

factor in Indian agra- climatology. n5 Temperature and sunshine 

do not have much influence on agriculture except Himalayan land, 

where temperature re11ains lov-1 throur;hout the year and drops even 

below freezing point during winter. North western parts of 

Indian plqin also experience severe cold. Air a1m soil moisture 

temperature in December and January is likely to f~'lll below 

0°C. Frost and cold waves are harmful for rabi crops in north 

western Indian plai~ High humidity, long standing cloudiness 

and lack of sunshine are sometimes responsible for crop diseases 

and pests. OtherHise it has got an endless crop seasons. "In 

India, ho·vmver, te.':l.perature and sunshine do not act as lirni ting 

factors in a given part for the crops v1hich are commonly 

grovm •••• It is either the rainfall or the moisture deficit 

4 

5 

J.R. Kakd~jAgricultural Climatology, New Delhi, pp. 116-17. 

A. Ahmed and t-1. H. Qureshi ( 1979), "Some Aspects of Indian 
Agre-Climatology11 , Occasional Paper No. 22, CSRD, SSS, 
New Delhi, p. 5. 



'.'.'hich co~nes out as the; most important factor influencing the 

6 crop grov1th11 • 

Development of irrication tus been so meagre in 

India that more than 70 per cent of total cropped area has to I/ 
depend on rainfall for soil moisture. In large parts of the 

country bulk of rainfall occurs between June ·o.nct September, 

during south \·Jest monsoon season/ Littoral parts of Tamilnadu 

and north western India, ho\·Jever, receive rainfall during 

winter. Rainf8.ll also has a great deal of spatial varia bill. ty, 

as Assam, other parts of eastern India and i;Jestern Gh:J.ts 

receive annual rainfall above 250 an. and \vestern Rajasthan 

2nd Gujarat receive annual rainfall less than 50 em. Rainfall 

in India, ',•Jhich is by and large confined to south ,,..,rest 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 -v1et land. 11 The moisture content of the soil, in the 

grm'line; 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 

moisture optimally. n7 Rainfall is dominant factor responsible 

6 Report of the ~Jational Commission on Ar,ricul ture, op, cit., 
p. 24. 

7 11. H. Qureshi, "Area and Yield of Some Selected Crops in 
Dry Area - An Evoluation of ~::ater as a Determinant", 
Proceedinp;s of the Symposium on Dryland Farming, 29 l·iarch 
1<J85, AHU, A!igarhJ pp. 2-3. 



for varistions in yield and acreage of crops in droueht afiected 

areas of India. 

3uccess of crop production not only depends on total 

amount of annual rainfall but also on the nature of distribution 

of this amount in time and space. The parameters 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 frequency 
8 of dry spells." 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. ;\nnual Rainfall 

I u is the amount of rainfall received during an 

agricultural year. Annual rainfall has direct bearing on crop 1 
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 em. ':;'heat is a 

dominant crop in irrigated tracts of northwest India. Dry 

farming is practised in rest of the country and coarse food 

e;rains, bajra, jov·mr and maize are main crops. ·There is 

remarkable difference between agricultural productivity of 

8 Ibid., p. 23. 



v-ret 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 vmy, so that the risks posed 

by climatic factors are reduced. ':Ihile shortage in annual \ 

rainfall invites drought resistant hardy crops, excess rainfall 

ter:1pts the farmers to gro\v water intensive crops. 

2. Seasonal Rainfall 

Seasonal rainfall is amount of rainfall occurins 

during the crop growing seaso1~ It is the major source of 

soil moist"\.lre, however, role of residua.L soil moisture cannot be 

discarded. Residuai moisture does not play very important role 

during kharif season in India, but its role cannot be undennined 
11 

in success or failure of rabi crops. For example, gram, 1trhich 

is a rainfed rabi crop in most parts of north west and central 

India, grows on conserved or residual soil moisture of south 

\'lest monsoon season. By and large success of this crop depends 

on rainfall occurred during l.ast phase of south west monsoon 

and retreating monsoon. Light showers during 1 rabi' season are 

also conducive for this crop. Ad~quate and timely south west 

monsoon rainfall which coincides with 1 kharif' season, has 

positive influence on kharif crops production. \'later requirement 

of crops varies from one sta3e of growth to another. Hence, 

seasona.l rainfall should be adequate enough to meet its soil 

moisture requirement. 
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3. Onset and ·:li thdra\'m.l of !1onsoon 

Timely onset and v1i thdra\'Jal of south \vest monsoon has 

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 

yield but also results in tenporary shifts in cropping pattern. 

In such an eventuality, particularly in semi-arid areas, water 

intensive and long duration crops are replaced by drought 

resistant and short duration crops because "crops and their 

varieties vary greatly in their suitability in relation to 

their date of sov1ing and tolerance to droughts. some crop 

varieties could withstand pro.Lonc;ed droughts \·Jhile others are 

hi r,hJ.y susceptible to moisture stress 11 • 
9 Late withdrawal of 

south west monsoon 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 croQs which are grovm on residual soil moisture. 

Early \>li thdrmval of rainfall hamQers yield of kharif crops, as 

moisture deficiency during maturity stage of plants results in 

production in grain size. It also has adverse affects on acreage 

and yield of rainfed rabi crops. 

9 P. c. Ashok Raj ( 1979), Onset of Effective Honsoon and 
Critical Dr~ Soells - ~Computer based Forecasting 
Technique, ew Delhi, IARl, p. 6. 



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". 10 

South west monsoon, which is characterized by erratic and 

unreliable behaviour, does not 6rant adequate and timely supply 

of soil moisture in vast tracts of the country. 11 Thoue;h 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 <:111y region showing effects 
11 of \'!ide fluctuations in crop performance," 

It is not only variations in amount of annual 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 annual and seasonal rainfall have 

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

10 

11 

J. E. Hobbs ( 1980), Applied Climatolo~y : A Study of 
A imospheric Resources, Loridon, p, 11 , 

Kakde, ( 1985), op, cit,, p, 117, 
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performance becomes more pronounced in drought affected or dry 

areas \·There high rainfall variability is associated with scanty 

rainfall. "Normally, it is seen that variability is usually of 

least m2gni tude over areas of hish rainfall and greater over 

those of low rainfall. 1112 It is also evident from the fact that (
1 

correlation coefficient bet~.veen annual rainfall and its variabi- I 
lity in drousht affected areas is -o.Eo. This highly unreliable 

and scanty rainfall of drought affected areas [JOSes risks in 

agricultural develooment. 11 Varia tions in rainfall from year to 

year and even from season to season, \·.'hen freJuently marginal in 

a!.l.ount for a[;ricul ture, becomes more critical. n 13 In such a 

situation drought resistant crops dor:1inate the cropping pattern 

of the region and crop yield is subject to variation with 

fluctuations in rainfall occurance. 

Variability oi' seasonal rainfall has more influence 

on cro[J [Jerfonnance than that of annual rainfall. Variations 

in weekly and monthly rainfall durine; crop season exert even ) / 

:nore influence on crop production. Crop yield may fall down 

in case of inadequate soil moisture supply during maturity 

stage. 11 Variabili ty in time tovmrds the end of kharif rainy 

season is much ~ore and hence of great significance not only for 

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

13 Ibid., p. 71.-



141 

kharif crops but also for rabi crops that ;J,rO':l primarily on 

residual soil moisture gained :(ror.1. rain received earlier." 14 

Bence, rainfall variability is inversely related with rainfall 

reliability. Crop yield remains considerably low in highly 

unreliable rainfall zones and vice versa. 

~I 

5. Frequency of ~:let and Dry Spells 

\•let spell is a rainy period when rainfall is adequa~ 
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. In 

such a situation, evapotranspiration exceeds available soil 

o.oisture. 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 "~:Test monsoon 

season. Honsoon depressions, vrhich originate in northern Bay 

of Bengal and r.1.ove north west-ward bring rainfall in most 

parts of north and central India. These depressions are 

associated v1i th moderate to heavy rainfall and presence of 

these depression in any region marks wet spell. Time gap beh1een 

the two successive depressions is marked as a dry spell. Hence, 

success of crop production and acreage depend on frequency of 

dry and wet spells. The region characterized by having 

14 Kakde(1985), op. cit., p. 118. 



frequent dry spells has lov.J crop yield in comparison to other 

regions where dry spells are not so frequent. 

6. Hainy days and Intensity of Rainfall F/ 
Effectiveness oJ rainfnll, ':Jhich depends on intensity 

of rainfall, land slope, soil texture and temperature, also 

plays an important role in crop production. High ro.infall in a 

region might be concentrated to a few rainy days and have high 

intensity of rainfall. In such a situation rainfall has poor 

effectiveness because rain water flows down the slope and results 

into soil erosion and floods. Crop yield re1:1.ains lo·vJer in such 

a region in comparison to others \·.rhere rainfall bein£3 10'\·J but 

has higher effectiveness.! South west monsoon rainfall in India 

is characterized by heavy shovJers occuring during a small period. 

11 Rainfall intensity studies in India show that stonns of 25 

mm/hr or more intensities are received on a fe\·J days (about 

7 to 15 per cent of total rainy days) and account for 30 to 70 

rer cent of total seasonal rainfall in low and moderate rain 

zones. Such rainfall also accounts for most of the ru~off 

giving poor rainfall effectiveness, high soil erosion, erratic 

daily variations in river flows and pounding of \'18.ter on .Land. 111 5. 

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

15 Ibid., pp. 123-4. 
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but a.Lso fairly distributed v1itl1. neither too hic;h nor too low J/ 
rainfAll effectiveness. 

Because of certain limitations, non-availability of 

data, effect of all the aforementioned rainfall parametPrs on 

yield and area of some selected crops, has not been exa~ined. 

Present study analyses influence of annual rainfall, seasonal 

rainfall and variability of annual rainfall (c.v.) on acreage 

and yield of bajra, jowar, gram, groundnu t and cotton in drought 

prone areas with the help of step-wise linear regression. Tvm 

independent variables, annual rainfall and seasonal rainfall, 

create the problem of multi-collinearity as correlation betv1een 

these tvJO variables is +0. 97 for both periods of time, 1968-69 

and 1978-79. In order to avoid the problem of multi-collinearity 

t·vw sets of equation Y = f (.X1 and X3) and Y = f (X2 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 ~ ~ Under Bajra 

Correlation Natrix: Correlation matrix for 1968-69 shows that 

bajra acreage is inversely correlated with annual rainfall and 

seasonal rainfall and positively vri th variability of annual 

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 -. 742* -. 699* .672•::-

1.000 • 969 -. 6oo 

1.000 -.LJ-72 

1.000 

1978-79 

y1 x1 x2 x3 

1.000 -. 574* -.~8* .622* 

. 1.000 .970 -.488 

1.000 -.397 

1.000 

y = Area und0r crop 
x1 = ,\.nrual rainfall 
x2 = Seasonal rainfall 
x3 = c. v. of annual rainfall 

* Significant at 1 per cent level of significance 
** Significant at 5 per cent level of significance 



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. 

1\fter a decade, in 1978-'/9 also bajra acreage had 

moderate to high correlation v1i th annual rainfall, seasonal 

rainfall and c. v. of rainfall. c. v. of rainfall has t1ighest 

correlation among these parameters (+0.62). Both, annual and 

seasonal rainfall have negative correlation \·lith bajra area. 

r values for all three parameters are sie;nificant at ·1 per cent 

level of significance. 

It is evident from the above mentioned facts tr~t 

variations in rainfall parameters lead to variations in area under 

i)ajra. In the rainfed agricuJ. ture of drought affected areas, 

area under 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 decreases with 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 

Stepi·rise Regression Analzsis 

Varia- R R2x100 Increase -2 Regression ble in R2x100 R F Coefffi-
cient 

1968-69 

Step 1 x2 • 699 48.86 .489 76.242* -.626 

Step 2 x2 .799 63.84 14.98 .634 69.885* -.439 

x3 .844 

1978-79 

step 1 x3 • 622 38.69 • 387 50.591* .899 

Step 2 x3 • 704 49.56 10.87 .489 33. 758-i(· .• 694 

x2 -.214 

* Significant at 1 per cent level of significance 

+Hf Significant at 5 per cent level of significance 

s. E. of 
Res. Coef. t Intercept 

.072 -8.732* 48.76 

.069 -6.391* 
9.33 

.147 5. 746!k 

• 126 7.113•)<- -19.49 

• 126 5. 518-Y.· 
2.54 

.052 -4. 109* 



c.v. of rainfall explain 63.84 per cent of variations in bajra 

acreage, in which C. V. of rainfall h::1s a contribution of 14.98 

per cent. F values for both ste9s shov1s that R values are 

sic;nificant at 1 per cent level of significance. Per unit increase 

in seasonal rainfall and c.v. of rainfall cause, resp0ctively, 

0.44 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 sisnificant at 1 per cent level of significance. 

Variability of rairrlall alongwith seasonal rainfall explains 

49.56 per cent of variations in bajra area. Seasonal 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 annual 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 pf western 

Rajasthan northwestern Gujarat and western Haryana. In 



comparatively higher rainfall areas this crop has to compete ,.,i th 

jowar, maize and rac;i. Rainfall para11eters have sic;:n.ificant 

influence on bajra acreage, as only t\-,ro pararneters, seasonal 

rainfall and variability of rainfall explain 63.84 per cent and 

49.56 per cent of variations in area under crop in 1968-69 and 

1978-79 respectively. 

Rainfall .;;.P.;;;a;.;;.r.;;;ar;;.;.;m;..;;e;..;t;.;:e;.::.r..;;;.s ~~under ~r 

Correlation l·1atrix: It is evident from table L~. 3 that area 

under jowar in 1968-69 had moderate correlation v1i th annual 

rainfall, seasonal rainfall and variability of rain£all. r value 

is -0.45 for rainfall vnriability, ~hich is si ~nificant at 1 per 

cent level of significance. Annual nnd seasonal rainfall, on the 

other hand are positively correlated with area, hoVJever, their 

de0ree of association is considerably low, +0.38 and +0.37 

respectively. r values for these variables are significant at 

1 per cPnt level of significance. 

In 1978-79, variability of rainfall e':hibi ts negative 

correlation (-0. 50) with area under jov.Jar, which is significant 

at 1 per cent level of significance. Correlation of jowar acreage 

with annual rainfall is positive and low (. 20) which is significant 

at 5 per cent level of significance. Seasonal rainfall exhibits 

very lo1,., and ins1.gnificant positive correlations ·v1i th jowar 

acreage. One of the possible reason for low correlation with 



Table 4.3 

J O';Jar Area 

Correlation Matrices 

19tB-69 

y1 x1 v "' .1\.2 .1\.3 

1.000 • 377-x- • 369·X· -.453* 

1.000 • 969 -. 6oo 

1.000 -.472 

1.000 

1978-79 

y1 x1 x2 x3 

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 



seasonal rainfall oi:=ht be the fact that seasonal rainf3.ll pertains 

to rainf?.ll occurred between June :--~nd .3epto·~1 ber, but jm,;ar is 

also c;rovm in rabi as an irrigated crop in l·is.harashtra ar..d south 

India. 

Steo'.-Jise :1egression 

Rainfall variability 't!hich enters at first step 

explains 20.52 per cent of variations in area under jowar in 

1968-69. R value is significant o.t 1 per cent level of signi-

ficance. Seasonal rainfall vvhich is introduced at second step, 

together with rainfall variability, explains 23.62 per cent of 

variations in area under jowar. Contribution of seasonal 

rainfnll is very low, i.e. 3.10 n ,.,.,. 
t-" · . .,1_ cent. R value nt second 

step (0.49) is significant at 1 per cent level of sienificance. 

Regression coefficient of rainfall variability on areas is 

-0. 59 '\·Ihich 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 sibmificance, 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 jowar. R value is also sienificant at 1 per cent level of 

significance. Variability of rainfall combined with seasonal 

rainfall explain 26.21 per cent of variations in jo':Jar acreage. 

In this case also R value (0.51) is significant at 1 per cent 



Table 4. 4 

Jowar Area 

Ste12wise Regression Analzsis 

Varia.;. R~100 Increase -2 Regression S. E. of t Intercept ble R in R2x100 R F Coefficient Reg. Coef. 

1968-69 

step 1 x3 .453 20.52 • 205 20. 610* -. 588 • 130 -4. 540* 39.86 

Step 2 x3 .486 23.62 3.10 • 227 12.199* -.466 • 144 ,;,.3.211* 29.04 

x2 • 122 .068 1. 793 

1978-79 

Step 1 x3 .500 25.00 • 250 26. 709* -.644 • 125 -5. 168·;(- 39.98 

Step 2 x3 .512 26.21 1. 21 • 253 14.o6o-K· -. 705 .135 -5. 3J6* L~6. 59 

x2 -.064 .056 -1. 143 

Significant at 1 per cent level of significance 

.;.;.* Significant at 5 per cent level of significance 



level of significance, hovrever F v~1lue in second stcr has 

declined sharply. Seasonal rainfall 9rovides ex;Jlanation for 
2 

1. 21 variation in area under jo•Yl.r. Values of R suggest to 

retain seasonal rainfall in the explanatory variables. 

Coefficient of ::;lOLJe of variability ot· rainfall on area under 

jowar is negative and significant at 1 per cent level of 

significance for both steps. Regression coefficient of 

seasonal rainfall is negative and insic;nificant at step 2. 

Preceding discussion implies that variation in area 

under jowar is function of variations in annual rainfall, 

seasonal rainfall and variability of rainfall. Research 

hypothesis that jo\·Jar acreage increases with increase in nnnual 

rainfall and seasonal rainfall and decrease in coef.t'J ... cient of 

variation of rainfall holds true. Variability of rainfall has 

comparatively ·hiGher explanatory power. Correlation with annual 

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 

wi thdra\·,ral of monsoon etc. 

Rainfall Parameters and Area Under Gram 

Correlation I··Iatrix: Table 4. 5 sho•;~s that all three parar:teters 

of rainfall had low and insignific2.nt correlation with area under 

.:;ra:11 in 1968-69. Annual rainfall has positive correlation 



1968-69 

1978-79 

Table 4.5 

Correlation Matrices 

y1 

1.000 

1.000 

X 1 

• 171 

1.000 

• 161 

1.000 

x2 x3 

-.199 .087 

• 223 -.6oo 

1.000 -. 565 

1.000 

-. 247~Ft. -.047 

• 248 

1.000 

-.488 

-.579 

1.000 

* Significant at 1 per cent level of significance 

** Significant at 5 per cent level of significance 



( +0. 17) v:ith area. Correlation is ncc,ative ui th rc~:1aining para­

::1oters, seasona.l rainfall (-0. 199) flnd variability of ro.infall 

(-0.09). 

In 1<:J7o-79, seasonal rainfall was only ()2"'3.Eleter 

v1hich had sic;nificant correlation ';.'i th area under grn:11. 

Association betv1een these ~dO varie1blcs is lo~:! 0.nd inverse. 

1'..nnual rainfall exhibits lO\v insi.::;nii:'ic;J.nt positive correlation 

'di th grosn acreage. ii.c~infall vari3.bili ty shov1s negliGible positive 

association. 

Stepwise Regression 

Durinb 1 <:::JEB-69, seasonal rainfall 1·1hich ,,;as introduced 

at first step, explained 3.96 per cent of variations in area 

under gram. R value 0.199 is insiGOificant. Together with 

seasonal rainfall, variability of rainfall explains 9.80 per cent 

of variations in eram 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 seasonal rainfall and 5 per cent level 

of significance for variability of rainfall. 

During 1~78-79 also, seasonal rainfall entered at first 

step and explained 6.10 per cent of variations in gram acreage. 



Table 4.6 

Gram hrea 

Step\·rise Regression Annlysis 

·Varia- R R2x100 'Incr2ase 1{2 Regression S. I~. of Reg. ble F t Intercert in R x100 Coefficient Coefficient 

1968-69 

Step 1 X 2 • 199_ 3.96 - .o4o 3. 297 -.188 .103 -1.816 4.99 

Step 2 x2 • 313 9.80 5.84 .087 4.292** .344 .1122 -2. 815•* 
12.08 

x3 -. 180 .079 -2. 262·)~+<-

1978-79 

Step 1 x2 • 247 6.10 .061 5.216** -. 173 .076 -2. 284*•* 7. 218 

Step 2 x2 .34o 11.56 5.46 .105 5. 170* -. 289 .091 -3. 184* 
15. EB 

x3 -. 206 .093 -2. 20T/d:-

-:+ Significant at 1 per cent level of significance 

*-X- Significant at 5 per cent level of significance 



R value t0.250) is siv1ificant at 5 per cent lr:vel of si0~ific0nce. 

In second step, seasonal rainf2ll 2nd variability of rainfall 

explain :11.56 per cent of variations in area under gran. 

Variability of rainfall explains 5.46 Der cent of variations in 

acre0ge. R value lO. 54) is si,";nific0nt 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 l1as 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-\·lise regression 

analysis show that except seasonal rs.infall no other rainfall 

parameter has significant influence on area under gra~. This, 

ho\vever, does not imply that area under gram is indifferent to 

rainfall parameters. Various physical and socio-economic factors 

seem to be intervening to weaken the correlation between rainfall 

~arameters and gram acreage. Gram acreage is concentrated in 

drought affected areas of north and central India (eastern 

H.ajasthan, north western Hadhya Pradesh and \vestern Haryana) 

because of congenial environment. Gra~ is a rabi crop, requires 

lO\·J temperature as compared to kharif crops and is sO\VIl 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 jo..,var and 



lSi 
croundnut are preferred. i:festcrn Hn,j0.sthan 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 beeinning of 

seasons, has positive influence on gr2..m acreage. But it sh01.·1s 

negative correlation in the present exercise. This is because 

of the fact that seasonal rainfall in this exercise pertain 

to rainfall occurred during October-February. This season has 

a cood amo1...1.nt of rainfall in Tamilnadu, Karnataka and Andhra 

Pradesh ,,,;here gram acreage is very lo;,·J. Hence, seasonal 

rainfall shov;s negative correlation 1:1i th area under gram. 

Rainfall Par~1eters and Area U1~er Groundnut 
~--~-- ----------- --- ---- -~----~ 

Correlation Matrix: Table 4.7 shows that none of rainfall 

para-neters h3.d sie;nificant correlation v..rith area under groundnut 

durine; 1968-69. Correlation with independent variables, annual 

·rainfall, seasonal rainfall and variability of rainf8ll is 

positive and very low. 

After a decade, during 1978-79, annual rainfall and 

seasonal rainfall had l0\'1 negative correlation with groundnut 

acreage. Correlation between armual rainfall and groundnut 

acreage is, significant at 5 per cent level of significance. 

Variability of rainfall is positively correlated \·lith groundnut 

acreage. It is significant at 5 per cent level of 

significance. 
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Table 4. 7 

Groundrru.t Area 

Correlation r;atrices 

196B-69 

y1 x1 X 2 x3 

1.000 .135 • 150 .190 

1.000 .969 -.6oo 

1.000 -.1+72 

1.000 

1978-79 

y1 x1 x2 x3 

1.000 -.219** -.168 • 218** 

1.000 .970 -.488 

1.000 -.397 

1.000 

* Significant at 1 per cent level of significance 

*X· Significant at 5 per cent level of significance 



Table 4.8 

Groundnu t Area 

.step·~·-rise Regression Analysis 

Varia-
R~100 Incr~ase Regression s -~ of Re[S. ble R -2 ........ 

in R x100 R F Coefficient Coefficient t Intercept 

1968..:69 

Step 1 x3 .190 3.61 .036 2. 991 • 2'l7 • 1 20 1. 729 1. 44 

Step 2 x3 .365 13.32 9.71 • 123 6. 07T* • 462 • 143 3.237* -19. 20 

x1 .1~ .o66 2. 978•)(• 

1978-79 

Step 1 x1 • 219 4.80 .048 4.039** -. 104 .052 -2. o 1o·:f-·x· 17.01 

Step 2 x1 • 254 6.45 1. 65 .053 2.718 -.070 .059 -1. 136 
7.993 

x3 .180 • 154 1.173 

* Significant at 1 per cent level of significance 

** Significant at 5 per cent level of significance 



1@0 

.Step,.vise Re2:ression: 

1968-69, vari~bility of rainf~ll which is introduced at first 

step, e:x:plo.ins only 3.61 per cent variation in the area under 

c;rounc1nut. R value .0.19 zmd regression coefficient (+0. 210) 

are insignificant. In second step tosether ·with annual 

r~inf311, variability of rainfall expl~ins 13.32 per cent 

vari3.tions in groundnut acreaDe. Hence, contribution of 

annual rainfall in variations in area is 9. 71 per cent. 

~ultiple correlation coefficient (R) .365 is significant at 

1 per cent level of significance. 

For the period 1978-79, annual rairJall enters at 

first step and explains 4.8 rer cent of variations in area 

under groundnut. R value ( o. 219) is significant at 5 per 

cent level of significance. Regression coefficient is 

negative and lo·w, 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 groundnut. 

Contribution of variability of rainfall is meagre (1.65 per 

cent) in the explanation. R value ( o. 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 dra\m 

that none of the rainfall parameters, an..-'1ual rainfall, seasona 

rainfall and variability of rainfall, has strOJ8 relationship ' 



':ii th area under c;roundnut. -)ic;nificant but lo':J o.:od negative 

correlation vii th annual rainfall and lovJ posi tivc correlation 

'.·Ji th variability of rainfall for the period 1978-79, ho\-:ever, 

rejects the research hypothesis that groundnut acreage 

increase with increase in rainfn.ll and decrease vJi th increase 

in variability of rainfall. Al ten'late hypothesis is accepted 

v1hich says that groundnut acreage is inversely correlated 

\·!i th aTL.Ylual rainfall and positively vJi th variability of 

rainfall. Explanatory power of these rainfall parameters is 

weak. Seasonal rainfall has v·Jea;·: and insi[~nificant association 

v.ri th groundnu t acreac;e. This r.1 ight be because of the fact 

that g,roundnut is also SO\·ll1 in rabj. season in some parts of 

south India. 

\'Jeak correlations ,.,i th annual rainfall and variability 

of rainfall is because of the fact that groundnut can be sown 

in most parts of drought affected areas where annual rainfall 

is more than 50 em. Light clay soil of low rainfall areas of 

Gujarat is suitable for groundnut cultivation. It is 

fertile, \<Tell drained and does not hamper the pod development. 

Hence, about 40 per cent of the groundnut 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 l0\'1 rainlall 

zones of Rajasthan and western Haryana. 



Rainfall Parameters and Area Under Cotton 
~~---- ------~~ --- ---- ----- ------
Correlation t·Iatrix: 'rable 4. 9 depict.::; that seasonal rainfall 

is the only rainfall parameter which has significant correlation 

\Vith area under cotton. Hov;ever, r value (-tD.zS6) is lo;...r but 

significant at 1 per cent level of significance. Annual 

rainfall also has positive association, but it is lo•:J 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. 

Annual rainfall and seasonal rainfall have very lov; positive 

correlation while variability of rairtfall has very low 

negative correlation. 

Stepwise Regressio~ Seasonal rainfall, which got introduced 

at first step, explains 8.18 per cent of variation in area 

under cotton during 1968-69. R value o. 29 is significant at 

1 per cent level of significance. Regression coefficient 

(40.17) 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, -R2 value suggest not to 

include variability of rainfall in the model. Regression 

coefficient for seasonal rainfall is significant at 5 per 



T ble 4.9 

Cotton "1.rea 

Correlation ::atrices 

1968-69 

y1 X 1 X 2 x3 

1.000 .194 • 286* -.184 

1.000 • 938 -.6oo 

1.000 -. 426 

1.000 

1978-79 

y1 X 1 X 2 x3 

1.000 .148 .145 -.151 

1.000 • 965 -.488 

1.000 -.372 

1.000 

~{- Significant at 1 per cent level of significance 

~(-;\· Significant at 5 per cent level of significance 



Table 4.10 

Cotton Area 

stem•1ise Rer;ression Analysis 

Varia-
R2x100 Incr~ase -2 Rec;ression 0 :.:;--· of n.e,s. ble R R F ,:) • :....J. 

in R x100 Coefficient Coefficient t Intercept 

1968-69 

Step 1 x2 .286 8.18 .082 7.103* • 171 .064 2. 665-K- • 908 

Step 2 x2 • 294 8.64 0.46 .075 3. 7':§Y** .152 .071 2. 13o·:~* 
5.35 

x3 -.098 .154 -.G37 

1978-79 

Step 1 x3 .-151 2. 28 .023 1.86o -.183 .134 -·1. 364 15.89 

Step 2 x3 .179 3. 20 0.92 .020 1. 301 -.136 • 1L~5 -.942 
10.72 

x2 • 051 .o6o .865 

* Significant of 1 per cent level of s i d"lifi cance 

** Significant at 5 per cent level of significance 

~ 

~ 
.~ 



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 ster and expl2ins only 2.28 

per cent of variations in area under cotton. R value (0.15) 

is insi~nificant. Coefficient of slope of variability 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 only 0.92 per cent of the variations. R value is 

not significant. Regression coefficients for both the 

para~eters of rainfall are insignificant. 

Rainfall parameters, annual rainfall, seasonal rainfall 

and coefficient of variation of rainfall fail to explain 

variations in area under cotton. HO\·leVer, seasonal rainfall 

has low significant association "VIi th cotton acrceage for the 

peripd 1968-69. It shows that seasonal rainfall has positive 

influence 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 

southv.,rest monsoon, soils and irrigation. Black soils of 

Haharashtra and Gujarat form the cotton belt of India. 



Combinations of season~l rainfall ano vari2bility of 

rainfall explain bit,her vari8tinns in are8 unoer the selected 

crops in co!ilparison to the cornhin.:t tions of annual rainfall and 

variability of rainf:tll except the c~:se o: c;roundnu t, \·:hore 

latter set offers higher explanation. This speal:s of the fact 

that seasonal rainfall exerts ,?;reater influence on crop acreage 

th:1n the total amount of rainf:-:tll received in the year • Onset 

of rainfall and amount of rainfall received during sowing 

period may offer even better expln.nation for variations in area 

under a rainfed crop. 

R.qinfall Par;::uneters as Determinants of the Crop Yield 

This exercise atter:Ipts to assess thP influence of 

rainfall parameters on the yield of five selected crops. 

Correlation matrix sho1·rs nature and degree of relationship 

between the concerned variables, \•!hile stepwise regression 

analysis shows explanatory p01vers of independent variables. 

Rainfall Parameters and Yield of Bajra 

Correlation l'Iatrix: Table 4. 11 sho1·1s that annual 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 lo1·1 

negative correlation in 1968-69 i·Jhich is insi.z:nificant. 

None of the rainfall parameters has significant 

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



1968-69 

1978-79 

Table 4. 11 

B::t jra Yield 

Correlation I~atrices 

y2 

1.000 

1.000 

x1 

.lJ-18·X· 

1.000 

-.100 

1.000 

x2 

• 425* 

.969 

1.000 

-.047 

• 945 

1.000 

* Significant at 1 per cent level of 

** Significant at 5 per cent level of 

y = Yield.of the crop 

x1 = Annual rainfall 

x2 = Seasonal rainfall 

x3 = c. v. of a~~al rainfall 

x3 

-. 118 

-.6oo 

-. 472 

1.000 

.094 

-.489 

-.384 

1.000 

significance 

significance 



Table 4. 12 

Do.;Jra Yield 

Stepwise Regression Analysis 

Varia-
R2x100 Incr~ase -2 

ble R T-, Regression s. :2:. of t Intercept R ;:.• 
in R x100 Coefficient 0 e~ '""'o,.,f 

ll. ta·"-" '-·~ • 

1963-69 

Step 1 x1 • 418 17.47 .175 16. 920'* 3.133 .762 4.113* 114.45 

Step 2 x1 .450 20.25 2.78 .192 10.00* 4.065 .942 4. 315'+ 
-56.40 

x3 3.337 2.023 1. 649 

1978-79 

Step 1 x1 .100 1.00 • 010 .815 -1.090 1. 207 -. 9J3 566. L¥J 

Step 2 x1 • 113 1. 28 o. 2B .ooo4 • 511 -.776 1. 391 -. 558 
482. Z7 

x3 1. 685 3.641 • 463 

-,,. Si@lificant at 1 per cent level of significance 

·r .. 
-~ Significant at 5 per cent level of significance 

~ 
(7ll 
·Q!Q 



--::orrpl_,_tion cnofficic·nts are very lo;-,r. ;\nntFll r2inf.:~ll and 

:: eqson::::l r1inf-- 11 h:3.ve negative 2l~d very lo·,J correl:l. tions 'di th 

'/it:?ld of ba.jra. 'Jhile varic:.bili t~r o.~ r:-:~inf:tll e:chi1)i ts very low 

~ositivc correlatio~ 

'3teo,:rise ~egression: Annual rai:lf·_-:11 is introduced at first 

ste~ for the period 1968-69. It exrl1ins 17.47 per cent of 

variations in the yield of ba,jrr:.. P. v~lue (0.418) is sir.;nificant 

at 1 per cent level of significance. Recression coefficient of 

annual rainfe1ll on yield is also si.')1ific2.nt at 1 per cent level 

o:c sicnificance. It sho\·-rs that one unit incrense in nnnunl 

r!l.inf"lll le:J.ds to 3 unit increase in yield of bajr2.. At second 

~te"" ~n:::.u"'l r2.inf-:;.ll and variability of rainfall toc;ethcr explain 

~n.25 per cent of variations in yield of bajr2. Variability of 

r0.inf'1ll expl:;ins only 2.78 per cent of variations in yield of 

l:a .jra. nul tiple correlation coefficient ( o. L~5) is si[pificant 

at 1 per cent level of significance. Regression coefficient of 

annu3l rainfall on yield is also sicnificant at 1 per cent level 

of 3ignificance. 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. 

Rainfall parameters included in the exercise do not explain 

anything. All R values and regression coefficients are 

insignificant. This could be explained in tvJo vJays. Details 

of the other rainfall parameters such as onset and wi thdrav.Jal of 

rainfall, fre0uency of \'Jet and dry spells, number o:f rainy days 



Rnd re1inf:1ll in tons; ty nre not o.v: til·,.hlf~ ·v1l'li ch n i =:ht h:1vc 

doninant influence on yield o':' h::-<;rJ.. '3ccond po::;sible e:c:plqnation 

can bc-: that r·?lationship may not br; linear. An~~uc:.l rainfall in 

1 ()78-79 exceeded to no:.~~:lal :1nnu.:-'..l r::.infnll in 68 of 82 <i istricts. 

~ience, relationship could not be ex:pl-:incd by linear regression 

for. the reriod 1978-79. 

Correl8. tion i'iatrix: Table 4.13 silO':Js that tv10 of the rainfall 

r;arG.neters, am:ual r2infall and season:J.l rainfall ha.d positive 

c:.nd v.::cria:Jili ty of rn.infall hnd ne;:sative correlation with 

~fiPld of jo;;,rar. Annual rainfall has :-:Joderatc correl'ltion with 

yield of jo'.·Icr c::hich is significant at 1 per cent level of 

sic;nificance. Seasonal rainfall hils lo\··J correlation but it is 

s i :;nificant J. t 1 per cent level of sir;nific2nce. Varinbili ty of 

rainfall has inverse moderate correls.tion Hith yield of jov1ar 

':ih1.c:1 is significant at 1 per cent level of significance. 

Variability of rainfall hfld inverse correlation while 

~nnual rainfall and seasonal rainfall had positive correlation 

;:i th yield of jm·mr during 1978-79. Variability of rainfall 

has moderate correlation, which is sienificant at 1 per cent 

level of significance. Annual rainfall has low correlation 

1·:i th the yield, ':Jhich is significant at 1 per cent level of 

significance. Seas -::nal rainfall has even lo· :er correlation. 

It is, ho''!eVer, significant at 5 per cent level of significance. 



1968-69 

1978-79 

'fable l~. 13 

J ov1ar Yield 

Correlation Natrices 

y2 

1.000 

1.000 

x1 

• h 14-lr 

1.000 

• 315* 

1.000 

X 2 x3 

• 296~(- -. LJ84->:-

.969 -.Eoo 
1.000 -.472 

1.000 

• 245** -. 557* 

• 970 -.488 

1.000 -.397 

1.000 

-><- Significant at 1 per cent level of significance 

-lHf .Significant at 5 per cent level of significance 



Ta'::Jle 4. 14 

Jo':Jar Yield 

Stepwise Regression /malysis 

Varia- R R2x100 Increase in -2 ble R2 x100 p Hec,ression .-, ~ R ,: -~). u. of t ::·.terce;Jt :::or::?ff j cj_ent Re.:.:;. Coef. 

1968-69 

Step 1 x3 .484 23.43 • 234 24. 504-l<- -26.589 5.371 -4. 950* 1426.74 

Step 2 x3 • 508 25.81 2.38 • 249 13. 77Y<· -20.192 6.652 -3. 035* 
913.55 

x1 4 .. 961 3.098 1. Co 1 

1978-79 

Step 1 x3 .557 31.02 • 310 35. 934.;<- -20.555 3.429 -5. 991-r::· 1 !, 13. 41 

Step ~ x, • 559 31.24 0.22 .303 17. 950·)~ -19.524 3. 9L~5 -Lt. 949-x-
1312.02 

x1 • G 11 1. 516 • 535 

•* Significant at 1 ;)er cent level of significance 

-X·* Signific::~nt at 5 per cent level of significance .p..o 
·~ 

~ 



V8ri::;.bili ty of r3.infall expl~~irccd 23.1~3 r2r cent of varir_ttions 

in yield of jouar. R value L~ 0 i :-:~;.i:~ic::>,nt at 1 p cr cent level 

of si~nific~nce. Recression coe~fici~nt (-26.59) is also 

s i ,::nifics.nt at 1 per cent level o_C si";n.ifi_cance. '!ari2.bili ty 

of rc;. infall and annu8l rainfo.ll to~~·?ther explain 25.81 per cent 

o ·~ variation in yield of jo1·mr. "\nmw.l rainfall adcls only 2. 38 

~~ P.r cent in the expL:.nCJ. tory po11cr o~~ variability o:: rclinfall. 

:·~ul tirlc- correlation coefficient ( -0. 508) is sicnificant at 

1 per cent level of significance. Recression coefficient of 

variability of rainf.qll j_s sir:;nificant at 1 per cent level of 

significance. 3ut regression coefficient of annual rainfall is 

;tot s i ~nif ic-.nt. 

During the period 1978-79, variability of rainfall 

r- rovided ex:pl.:::ma tion for 31.02 r cr cent of vnrin tion in yield 

of jo,,.Jar. R value o. 557 is sic;nificant at 1 per cent level of 

sienificance. Regression coefficient is also siGnificant at 

1 per cent level of significance. Variability of rainfall and 

annual rainfall together explain 31.24 per cent of variations in 

yield of jowar. Contribution of annual rainfall is ~eagre in 

the explanation, 0.22 per cent. R (0.559) is siGnificant at 

1 oer cent level of significance. Regression coefficient 

(-19.52) of variability of rainfall on yield is also significant 

at 1 per cent level of significance. HO\vever, regression 

coefficient of annual rainfall is insignificant •. 



It is 2vidcmt frcn tho :-rccedin::, discu.s::::ion thqt annual 

r:tinf::.ll and season2l rainfall o.rc positively associc:ttec1 and 

variability of rainfall is neGatively associated with yield of 

jo'::ar. Hence, rt:search hypothesi:: i::> accepted. Du t eJ~plana tory 

po':Jer of annual and seasonal rainfall is very '\·real~. Other 

rainfall para':l eters may better explain variation in yield of 

jo~ ·21r. Explan:?. tory po,,.;er and correl;;. tion v1i th season .... 'll rainfall 

is less than that of annual rainfnll. This m·ay be because of 

the fact that jo,,.;ar is also a rabi crop in some parts of 

drought affected areas. 

Ei.ainfall Parameters and Yield of Gram 

Correlation I·Iatrix: Annual rainfo.ll is the only parameter of 

r'l infnll ,_,.,hich h:1.d sic;nificant correlation i·li th yield of gram 

durin;s 1968-69. It is low ( +0. 269), positive but sienificant 

at 5 per cent level of significance. Correlation bet\.1een 

seasonal rainfall and yield of gram is ne~~igible. Correlation 

':lith variability of rainfall is nec;ative, very lO\·J' and 

ins isnificant. 

During 1978-79, except annual rainfall, correlation 

bet\·;een other t':!O rainfall parameters and yield of Gram ,lias 

s i c;nificant. Seasonal rainfall has negative and lovr correlation 

( -0. 32) ':lith yield of .:::ram 1r1hich is significant at 1 r.>er cent 

level of significance. Variability of rainfall also has lO\•r 

(+0.371) but significant correlation. Annual rainfall exhibits 



1968-69 

1978-79 

To.ble Lt. 15 

GraD Yield 

Correlation l·ia trices 

y2 

1.000 

1.000 

v 
"'"1 

• 258*-)l-

1.000 

-.188 

1.000 

x2 

• 021 

• 222 

1.000 

-.320* 

• 257 

1.000 

X 3 

-.114 

-. 6':;o 

-.565 

1.000 

.371* 

-. 491 

-.579 

1.000 

* Significant of 1 per cent level of significance 

** Significant at 5 per cent level of significance 



Table 4. 16 

Grar:1 Yield 

S tep;·Jise Regression .:\.nalysis 

Varia-
R2x100 ble R Increase Regression S r; of 

~2 
• J._J. 

in R2x100 n F Coefficient Reg. Coef. t I:.-1-'.::ercept 

·968-69 

Step 1 x1 • 258 6.66 .o67 5. 705''"* 1. 178 • 7L1-4 2. 388'** 295.37 

step 2 xt • 263 6. 92 0.16 .058 2.933 2.039 .935 2. 181 *·X· 
-:> 247.4 

x3 .936 2.008 • 466 

1978-79 

Step 1 x3 .371 13.76 • 138 12.80 1"* s.o6S 2. 255 3. 578-l' 276.76 

step 2 x3 .393 15.44 1. E8 .144 7.225* 6.076 2.756 2. 2JL~*-r~-
332.99 

x2 -3.345 2.679 -1. 248 

* Signific::o,nt at 1 per cent level of signific3.nce 

-:H~- 3ignificant at 5 per cent level of si@lificance 



lo':! negative correlation with .:;r::r.~1 yield 1,·1hich is insignificant 

too. 

Stern-,risc Ref:jression: Annual rainf"'-11 ':Jhich is introduced at 

first step expl~ined 6.66 per cent of variations in yield of 

gran in 1968-69. R V3.lue is sic;nificant at 5 per cent level of 

:1 i :snifical1ce. Re~ression coefficient is also si[jnificarlt at 

5 r)(:T cent level of sit;nificance. Variability of ro.infall is 

introduced at second step. It does not provide siGnificant 

expl~nation for the variation in yield. At second step these 

t,..,o variables explain only 6. 92 per cent of variation in yield 

of e:rmn '-~·hich is insignificant. -z R values also sur,~est not to 

include variability of rainfall in the exercise. Regression 

coefficient of annual rainfall is significant at 5 per cent 

1-·,vel of sig-r1ificance but re.:3ression coefficient of variability 

of rainfall is insignificant. 

Variability of rainfall 1,-rhicl:i had insibnificant 

correlation with the yield in 1968-69, explained 13.76 per cent 

o= 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 sienificant at 5 per cent level of 

significance. But regression coefficient of seasonal rainfall on 

yield is insignificant. 

It is evident from correlation and regression analysis 

that annual rainfall \..rhich had significant positive correlation 

,.1i th the yield of gram in 1968-69, had insignificant negative 

correlation a decade later, in 1978-79. Seasonal rainfall and 



variability of ro.infall h,-::ld si.:ni:fic.J.nt no.c;ativc ::tnd :;osi tive 

correlations respectively, in 197r3-79. Those r2infall para­

o:::ters h-d no correlation ·with yir:>ld of gr8J:1 in 1968-69. Decree 

of rel::Jtio:'lchip ':Ti th all rainf'J.ll raracctcrs ist ho•::ever1 lOioJ. 

?osi tivc correlation behveen an:J:\.121 r<-1infa11 :c:.r1d yield of gram 

is justified '-='eca"--lse surplus soil mois"b..:tre in hi,3h rainfall zone 

c2n be co:1servect for the grcs:1 cul tivc..tion. Eo':rever, in drought 

affected 3reo.s of south and south v1est India, conserved surplus 

::oil -:-r10isture is utilized to so·,: so:-:1e other crOI:)S such as jowar 

8nd ;:;roundnut. Negative correl<:ttion ',-.ri th seasonal rai~all may 

be b!:>cause of the fact that se2,sonal rainfall for cram pertains 

to the pP.riod October to February. ':'his season has consideracJ.y 

higher rainfall in Tamilnadu, Andhra Pradesh and Karnatatm 

v1here gram is not only an insignificant crop, but its yield is 

also lo'''• Exclusion of these districts may sho'd positive 

correlation betl'leen yield and seasonal rainfall. 

Rainfall Parameters and Yield of Groundnut 

Correlation natrix: Variability of rainfall had moderate 

(-0.529) negative correlation with yield of ground:rD..lt \·Jhich is 

sienificant at 1 per cent level of significance. Both annual 

rainfall and seasonal rainfall had positive correlation with 

yield of groundnut in 1968-69. Correlation \·Ji th annual 

rainfall is sisnificant at 1 ~2r cent level of sig~ificance. 

Though, seasonal rainfall has lo,,J correlation but it is 

significant at ., per cent level of significance. 



Table L~.17 

Groundnu t Yield 

Correlatian::~trices 

1968-69 

y2 v A1 x2 x3 

1.000 • 473"* • 3L~1* -. 529* 

1.000 • 969 -.6oo 

1.000 -. 472 

1.000 

1978-79 

y2 X 1 x2 x3 

1.000 -.083 -.074 -.105 

1.000 .970 -.488 

1.000 -.397 

1.000 

* Significant at 1 per cent level of significance 

*•* Significant at 5 per cent level of significance 



Table 4. 18 

Groundnut Yield 

Step·wise Regression Analysis 

Varia-
R2x100 

Incr~ase R2 
Regression R. E. of 

ble R in R x100 F Coefficient Reg. Coef. t Intercept 

1968-69 

Step 1 x3 • 529 27.93 .280 31.107* ~ ~ 5. 524 2. 783 ·. -5. 577* 998.94 

Step 2 x3 .564 31.81 3.83 • 309 18.396* -11.244 3.409 -3. 298·X· 
655.50 

x1 3. 321 1. 588 2.091-iH'.-

1978-79 

Step 1 x3 .105 1.10 .011 .855 -2.761 2. 936 - • 941 753.66 

3tep 2 x3 .186 3.46 2.36 .023 1. 415 -5.030 3. 343 -1-.-505 981.94 

,, -1.788 1. 285 -1. 391 A, 

* Significant at 1 per cent level of significance 

·H·-t"" Significant at 5 per cent level of significance 



None of the r'1inf;-:.ll r- r-::;_".<:ters ho.d si:)-:ificcmt 

correlation 'Ji th yield of [;rOund:nut in 1973-79. .\11 of them 

had very lo-:; n.::~;ative correlntions. 

:=ter;ression: VarL:.bility o:C rainfall ' .. 'hich is 

in traduced at step 1 explained 27. 98 per cent of varL1 tion in 

yield of .c;roundnut in 1968-69. 2 V:J.lue 0.53 is sir:ni:Zico.nt at 

1 per cent level of significance. Re.:;ress ion coefficient of 

vari:J.bility of rainfall on the yield of eroundnut is also 

s i s:1ificant at 1 per cent level of significance. Annual rainfall 

''hich is introduced at second ster) offers 3.83 per cent of 

eY:pL:mation foJ:• w1.riation in the yi0ld of groundnut. Vari0bili ty 

of rai:'lf;.cll .'J.nd annual rainfc:tll to;;cther e::plain 31.81 per cent 

o:~ vari--: ticm in ,r-,roundnu t yielc:. :-~ul-::irle carrel;:. tion 

c~cfficient (0.564) is si~nific~nt at 1 ~er cent level of 

.si~nific8nce. Regression coefficien·ts for both, v~ri,bility of 

rainf~ll and annual rainfall, are sicPificant at 1 per cent and 

5 per cent levels of significnnce resQectively. 

Rainfall parameter, viz annu2l rainfall, seasonal 

rainfall and variability of rainfall, failed to explain 

variation in yield of r;roundnut in 1978-79. Relationship sho,-m 

by corrPlation and step>:lise 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 itli th the 



yield of fjroundnut in 1968-69. Only t\·JO p:1rnmeters, annual 

rainfall and variability of rainfall explained about one-third 

of vari~tion in the yield of 3roundnut. Inclusion of s~e 

other inportant rainfall parameters in the exercise may even 

increase the explanatory pov:rer. 3ut these variables could not 

explain anythinc; in 1978-79. There oay be non-l:inear 

relationship betv.Teen rainfall parmJ.eters and yield Of groundnut 

and hence linear rec;ression could not be an ade,.uato tool of 

arlalysis. 

Rainfall Par~J.eters and Yield of Cotton 

Correlation Hatrix: Table 4.19 shoi-:s that rainfall pararJ.i=>ters, 

viz. 2-nnual r<-.tinfall, seasonal rninfa.ll and variability of 

rainfall, did not have any relationship vli th yield of cotton 

in 1968-69. Correlation coefficients are very lO\v and 

insignificant. 

Ho':rever, these parameters of rainfall had significant 

relationship v;i th yield of cotton in 1978-7.9. Annual rainfall 

and seasonal rainfall h3ve negative lov1 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 Reg,ression: As sho\·m 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 insignificant and very low. 



18~ ·- ... 

TnblP 4.19 

Cotton Yield 

Correlation I·Iatrices 

1968-69 

y2 X 1 X 2 x3 

1.000 -.003 -.106 .085 

1.000 .938 -.6oo 

1.000 -.426 

1.000 

1978-79 

y2 x1 x2 x3 

1.000 -.365* -.375* • 286* 

1.000 .965 -. 488 . 
1.000 -.373 

1.000 

-x- Si@1ificant at 1 per cent level of significance 

** Significant at 5 per cent level of significance 



Table 4. 20 

Cotton Yield 

Stepwise Regression Analysis 

Varia-
R2x100 

Incr~ase 
n2 ble R in R x100 F Regression 

Coefficient 

1968-69 
Step 1 x2 .106 1. 12 • 906 -. 302 

Step 2 

1978-79 

Step 1 x2 .375 14.06 • 141 1 3 • 0 69* - 1 • 55 5 

Step 2 x2 .4o7 16.56 2.56 .155 7.8257~ -1.292 

x3 1. 712 

Significant at 1 per cent level of significance 

Significant at 5 per cent level of si&1ificance 

s.E. of t Intercept Reg. Coef. 

• 318 -.952 114c 17 

• l+30 -3. 615* 267.16 

• 460 -2.808* 
189.30 

1. 114 1.536 



:3easonal rainf'J.ll is i:1trot'luced at fir;;t .-.tc·l "lld <J l u 

0x~l~ins 1~.06 rer cent of V3ri3tion in yield of cotton in 

1 '73-79. R value is si,~;nif:Lc~:mt at 1 ror cent level of signi-

ficqnce. Regression coefficient (-1.56) is also sicnific~nt at 

1 9cr cGnt level of significance. Variabilj_ty of rai:-dall joined 

cent of variation in yield of cotton. Variability of rainfall 

raises tbe exrlanatory ro,,·.rer by 2. 56 per cent. R value is 

si:;nific::mt at 1 per cent level of signin.cance. Ree;ression 

coefficient of seasone.l rainfall on yield of cotton is signi-

ficnnt at 1 per cent level of si~nific~nce. But recression 

coefficient of variability of rairQall on yield of cotton is 

insignificant. 

It is evident that rainfall par~1eters included in the 

study failed to explain variation in yield of cotton during 

1968-69. Ho...,1ever, during 1978-79, these parar1eters have 

significant correlation vvi th cotton yield and seasonal rainfall 

ar.d variability of rainfall together explain one sixth of 

variation. Yield of cotton has inverse correlation with annual 

rainfall and seasonal rainfall and positive correlation with 

variability of rainfall. Thus the research hypothesis stands 

rejected and implies that higher annual 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) ccrnbin~tion I 
pf annual rainfall and variabili· '! of rainfall offer higher 



expl~n"ltion than that of seasonal r2infall and varis.bility of 

rainfall. It may be possible in the case of jo,,:ar 2.nd e:roundnut, 

beco.use these crops arc sown in rabi season too in ilaharashtra 

ard other parts of south India. Hence, rainfall concentrated in 

the reriod, June to September, :-.:.ay not explain much variation in 

yield. 

~ . u :::>u:nm ~nr; p 

It is evident that area under bajra in drought affected 

areas of the_country is concentrated in low rainfall and badly 

drought affected areas. Its acreage decline ';Ti th increase in 

rainfall and rainfall reliability. Amount of seasonal and 

an:'lual r~::.infall has positive influence on yield of bajra. 

Correlation and regression exercises for 1978-79 indicate 

possible non-linear relationship be"t-l.veen crop yield and rainfall 

parameters. Explanatory pO\ver of rainfall para>neters is high 

to explain variation in area under this crop. Area under jowar 

is positively influenced by amount of annual and seasonal 

rainfall and inversely by variability of rainfall, though 

their explanatory power is not high. Annual a!'..d seasonal rainfall! 

have positive influence on the crop yield. Yield is lo·vr in 

highly unreliable rainfall zones. These rainfall parameters 

explain one-third to one-fourth of variation in yield of jowar. 

Seasonal rainfall, October to February, has adverse affects 

on the area uro..der gram because farmer.s of south India, which 

have hir·her rainfall during this seaE n [>refer to sow crops 
'·) ' 



other ti1.o:m grP..m because of prevailing agr0- clim2. tic conditions. 

Annual rainfall and variability of ro.il"..fall do not influence 

crop acreC'l.ce. Expl::matory po·wer of rainfall parruneters is low. 

Gram yield is inversely related v:ith seasonal rainfall. Its 

yield is considerably higher vrhere occurance of rninfal is 

less reliable. Hainfall para'":'leters, ho~.-.lever, h.:1ve 1~, explanatory 

f!O':.rer. ~\.n·:mal rainfall l"k3.s adverse effr:.cts on area under 

graundnut. Area under groundnut is hieher in unreliable 

rainfall zones. Rainfall para::1eters offer low expl':nation for 

variation in area under groundnu t. Ainount of annual and seasonal 

r~infall have positive effect on yield of groundnut. Its yield 

is lo~ in the areas where rainfall is unreliable. Correlation 

:1nc1 regression for 1978-79, hO\'l0Ver, is insic:,-nific:1nt. This 

mi:_:::;ht 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 acreaee. Its 

expl~natory pov1er is, hO'tJever, lo-~·!. Amount of annuo.l and 

seasonal rainfall has adverse e~fect on yield o~ cotton. It 

_r;ivAs "~.Jetter yield even in scanty nnd unreliable rainfall zone. 

This study could be stre-:.1:::-;thened by inclusion of some 

o.f other imrortant rainfall paranPters, as onset and wi thdra-vml 

of rainfall, frequency of wet and dry spells, n~mber of rainy 

days, and intensity of rainfall. There might be possibility of 

non--linear relationship, particulo..rly in the case of yield of 

1lajra and groundnut in 1978-79. 

• • • 



188 

CHAPTER V 

SUHHARY OF CONCLUSION 

Ar.-_,ricul ture still rem2.ins the dominant sector in the 

economy of India, as it provides euployment to the vast semnent 

o.f population, food to masses 2.nd raw material to ae;ro-based 

industries. One time flourishing agricultural economy of ·the 

cou~'ltry experienced severe colonial exp.loi tation. Downward trend 

in foodgrains production during pre-independence period was 

reversed after independence. But initially, not much emphasis 

,-,~as laid on agricultural development owing to greater Emphasis 

on developing industrial infrastructure. Agriculture production 

increased because of physical extension of cultivated land. 

Severe and consecutive droughts in 1965-66 and 1966-67 proved 

the vulnerability of agriculture to climatic vagaries. 

Consequently new agriculture technology, which \vas initially 

tried as a pilot project in seven Intensive Agricultural District 

Programmes (IADP) districts in 196o-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, \·/estern Uttar 

Pradesh and coastal areas of Andhra Pradesh and Tal!lilhadu have 

benefitted by green revolution. 
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Drought prone or dry areas are still lageing far behind. 

;1,. gricul tural. productivity is not stable and traditional droueht 

resis·tant crops continue to occupy major proportion of cultivated 

land in these areas. Level of yield and cropping pattern are 

largely influenced by climatic concH tions, rarticularly rainfall 

parameters. Irrigation, '."Jhich forms ·the base for introduction 

o£ modern technological inputs in agriculture has made very 

little progress. Hence, rainfall parmneters are very important 

in creating differences in agricultural productivity in drought 

prone areas. 

A universally acceptable definition of drought could 

not be evolved because of divc:rsity of drouc;ht 0.3 a phenomena 

in space. Ho,,.rever, it is generally accepted that· drout;ht is 

caused due to negative deviation of rainfall from the mean. 

In India, drought prone areas occupy vast areas in Rajasthan, 

Gujarat, Hadhya Pradesh, rainshadow areas of JVIaharashtra and 

Karnatalm, and parts of Tamilnadu, Andhra Pradesh and south 

west Haryana. Eighty-two districts, spread over these eight 

· states, have been identified as drought prone. These drought 

prone districts fulfil the criteria of annual rainfall less 

than 100 em., share of gross irrigated area in gross cropped 

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

variation of annual 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 areas. Objective 



--------------------------------

ttO 

of this study, as expressed earlier, is to examine spatio­

temporal variations in yield level and area of some selected 

rainfed cr·')ps ( bajra, jowar, gram, groundnut and cotton) and 

influence of rainfall parameters on them in drought affected 

areas. Linear stepwise regression technique 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 1977-80. 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 eram lies in this 

region. 

Drought prone area is the major bajra gro\·.:ing 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 v.restern 

Rajastha~ north western Gujarat and south western Haryana 

~.,7hich 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 annual rainfall less than 50 em., is 
• agronomically suitable for cultivation of this drought resistant 
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crop. HO\·:ever, 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 \·.ride 

variations in yield level of the crop in the recion. Apart 

from Ra jasthah, south ~.vest Haryan:J. also has low yield of bajra. 

Bajra growing districts of Gujarat, Tamilnadu and districts of 

Karna taka and Nad hya Pradesh have high yield level. Bhavnagar 

district of Gujarat has 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 hic;h gro·wth rate of yield, while it has declined in 

eastern Rajasthan and south west Haryana. The low base (1967-70) 

is the cause for high grcn·1th rate of yield registered in western 

Rajasthan. 

Drought prone areas occupied 68.64 per cent of area 

and contributed 68.54 per cent of jo'ltrar production in the 

country. Jowar occupies about 20 per cent of GCA in drought 

prone areas• Maharashtra, south east Rajasthan, south west 

Had i1ya Pradesh, uplands of Andhra Pradesh, Karnataka plateau 

and uplands of Tamilnadu are jowar gro,.Jing regions. Drought 

pron~ districts of Haharashtra, 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 



and country over the period 1967-70 to 1977-80, hO\·Jever, it is 

ra )id in c::J.se of latter. Percentage shc'1re of the crop in GCA 

has also declined except in r-1aharashtra and Karnataka. Yie~d 

level of crop in drought prone areas is almost the same as in 

the country. ·Host of the jO\var producing areas of peninsular Indi~ 

. have registered high yield level. T'1aharashtra 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 f.'ladhya Pradesh and lo,,.., in Rajasthan and south ·west Haryana. 

Yield has \'li tnessed moderate gro':Jth rate in peninsular areas 

but has declined in i'·1aclhya Pradesh. Gujarat and \·;estern 

Ra jasth3.n have registered hiGh grov1th 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 

Rajasthan, so~th-west Haryana and north west liladhya 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 annum) over the period 1967-70 to 1977-80, 

however, it has increased slo·wly in drought prone areas 

(by 1.36 per cent per annum). Proportion of area under gram 

in GCA has increased in western Haryana and north west T-1adhya 

Pradesh and it is constant in eastern Rajasthan. Gram growing 



areas of eastern Raj~sthan and south west Haryana have high 

yield level of the crop. Yield level of the cro[) is medium in 

north v1est I\1adhya Pradesh. Ea;;;tern Rajasthan has registered 

moderate growth in yield level, 'dhile it has declined in south 

\'Jest Haryana and north \•rest I•1adhya Pradesh. Droueht prone areas 

of peninsular India, where eram is not a important crop, hE1Ve 

registered lo•,v growth rate of yield. 

Groundnut 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 6o.10 per cent of 

production of groundnut in the country. s. 43 per cent of GCA 

in the rcc;ion has been devoted to this crop. Drought prone 

districts of Gujarat, Andhra Pradesh and Karnataka are major 

groundnut sO\<Jing areas, occupy 72.07 per cent of crop acreage 

in the region. Drought prone districts of Gujarat alone account 

for 40. 17 per cr=nt 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). '.•rhile in south it is 

sown in red and black soils region, having comparatively higher 

rainfall. 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 lo~tl growth rate in the region. It has increased 
/ 



at moderate growth rate in major groundnut producing areas and 

declined in I\1aharashtra and r1adhya 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 recion and it 

accounts for 53.69 per cent of the crop production. There are 

1.'!ide spatial variations in terms of area and yield of this 

crop. It is an important crop in south central Gujarat, north 

east I1aharashtra, adjoining districts of i'·1adhya Pradesh, and 

some districts of Karnataka and Andhra Pradesh. :Slack soil 

region of !'·'laharashtra and C-u. jara t is fat"llous cotton region in 

the country. Black soils are suitable for cotton cultivation 

as they are fertile, well drained and have· hic.:;h moisture 

retention capacity. 82.51 per cent of area under cotton in 

drought prone areas is confined to Haharashtra, 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 Il'laharashtra 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 I>1adhya Pradesh. Yield level of the crop is 



high in most of the drought prone districts of Tamilna.du, 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 I·~arnatat~a and scme districts· of Gujarat, Andhra 

Pradesh and r1aharashtra. Drought ~)rone areas of Gujarat and 

r.iaharashtra as a whole have registered low growth rate in 

yield, 1·1hile it has witnessed decline in Nadhya Pradesh. 

It is evident from spatial pattern of yield and area 

of five selected crops that drought prone areas of Gujarat and 

T::1.milnadu are doing better. ~:!idely grovm crops in these areas 

have , .. ,i tnessed high yield level. In western Rajasthan, where 

ba jra is a dominant crop, yield level is very lo·v1. Yield level 

of this crop is low in eastern Rajasthan too, but gram yield 

is high. Except jowar and gram which have high yield level, 

yield is lO\v for bajra, groundnut and cotton in drought prone 

area of l'!Iadhya Pradesh. Yield of all the five crops has 

declined in this state. Except jow~r, yield of remaining crops 
I 

is low in r'1aharashtra. Jowar has rlegistered high yield level 

in Karnataka, however, groundnut and cotton have low yield. 

Drought prone areas of Andhra Pradesh have high yield of jowar, 

medium yield of groundnut 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 annual and seasonal rainfall and p·- si tively -v.ri th rainfall 



variability. Correlation coeffici~nts benveen rainfQll ~ara~eters 

0ncl area under bajra are high. Hence~bajra is a do:i1inant croQ 

in scanty rainfall and drought frequented areas of '\·!estern and 

north western Rajasthan and south "~:Jestern Haryana. Seasonal 

rainfall and variability of annual rainfall explained 63.84 

per cent and 49.56 per cent of variation in area in 1968-69 and 

1978-79 resQectively. Increase in amount of annual and seasonal 

rainfall has positive influence on the yield of bajra. Annual 

rainfall and variability of rainfall explained 20.25 Qer cent of 

variation in yield in 1968-69. Lo·w and insignificant correlation 

in 1978-79 indicates tov;ards QOssible non-linear relationshiQ 

bet•.lfeen yield of bajra and rainfall parameters. 

Area under jowar is QOsitively influenced by increase 

in amount of annual and seasonal rainfall and inversely by 

variability of rainfall. Seasonal rainfall and variability 

of rainfall have lo·v1 explanatory power as they explained 23.62 

and 26.21 per cent of variation in area under jowar in 1968-69 

and 1978-79. kmount of annual and seasonal rainfall exhibits 

positive and variability of rainfall exhibits negative correlation 

with jowar yield. Amrual rainfall and variability of rainfall 

together explained 25.81 per cent and 31.24 ~er cent of variation 

in jov1ar yield in 1968-69 and 1978-79 ·I>e.~pectively. 
\ 

Seasonal rainfall occurring be~#een October and 
._./ 

February has negative correlation with area under gram. It is 

because of 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 groundnut and jo,·:ar are preferred in this 

region. Gram gro,t~ing areas of Rajasthan, Haryana and I·1adhya 

Pradesh receive very lo\v rainfall. during this season. Area 

under this crop is not influenced by annual rainfall and 

variability of rainfall. Explanatory po .... .,er of these variables 

is rather lo'"· Annual rainfall has been found to have positive 

influence on gram yield in 19E8-69. \lhile, 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 variation in yield in 1978-79. 

Rainfall parameters had insignificant correlation 

·with area under groundnut in 1968-69. Variability of rainfall 

and amount of annual rainfall explain 13.32 per cent of 

variation in groundnut area. Annual rainfall had positive and 

variability of rainfall had negative correlation 'llri th the 

ar~a under this crop in 1978-79. Yield of groundnut had 

positive correlation with amount of aru~ual rainfall and negative 

correlation with variability of rainfall in 1968-69. 31.81 

per cent of variations in the yi'eld 'it.JaS explained by variability 

of rainfall and annual rainfall. Correlation with all rainfall 

parameters was, hov,rever, insignificant in 1978-79. This might 

be because of inherent non-linear relationship. 
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Annual rainfall and variability of rainfall paye 

insignificant correlation with area under cotton. Seasonal 

rainfall had, hO'.•Jever, 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 cotton. Cotton yield had insignificant correlation 

'l!i th rainfall parameters in 1968-69. Yield was positively 

correlated V'Ji th variability of rainfall and negatively with 

amount of annual and seasonal rainfall in 1978-79. Seasonal 

rainfall and variability of rainfall explain only 16.56 per cent 

of variation in yield. 

It is evident from the sb1dy that rainfall parameters 

(amount of annual a~n seasorial rainfall and variability of 

rainfall) 0\·1e major responsibility to cause variation in area 

and yield of selected crops in drought prone areas. However, 

these rainfall p3rameters do not offer adequate explanation for 

gram, froundnut and cotton. But this does not imply that rainfall 

rarameters exert less influence on acreage and yield of these 

crops. This· shortcoming can be overcome by talcing in account 

other pararneters of rainfall, choosing small area of study which 

has m.inimur.11 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 -\vi thdra"tal of monsoon, number of 

rainy days and intensity of rainfall could not be taken into 
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account in the present study, because of non-availability of 

data. These para~eters 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 exQlanatory power. 

Study area is comprised of 82 districts, spread over 

northern Rajasthan and western Haryana in north to Tamilnadu in 

sout~ This vast drought prone area of the country has diversity 

of environmental, socio-economic and institutional factors. 

These factors influence cropQing pattern and yield of the 

crop. For example, gram cultivation is concentrated in eastern 

R.a jasthan, south west Haryana and north western I1adhya 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 \·Jhich is available in this region druinr; winter. 

Groundnut is S0\411 on light clay soils of Gujarnt, however, 

rainfall in this region is low as canpared to sout~ 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 

chosen for such a study. 

Relationship between rainfall parameters, and area and 

yield 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 sl1ould 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 

soil moisture deficit. Management practices should be evolved 

so that the available water resources in the region could be 

conserved and utilized judiciously. 

• • • • • 
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~11. 
Dro~ght ££_q_rJe Districts o-f: India 

1 2 3 4 5 
s.No. Name of District Normal -C.V.of Irrigation 

Annual Annual percentage 
Rainfall Rainfall of GAI in 
(cru) GCA 

_______________________ J.1.97§-77 

1. 
2. 

Dhi\,:ani 
Ivla hendraga rh 

3. Ahmedabad 
4. Amreli 
5. Kutch 
6. Jamnogar 
7. JUnagarh 
8. Banaskantha 
9. Broach 
10. Bhe:vnaqe.r 
11. Raj kot 
12. Baroda 
13. Sabe.rkantha 
14. Surenoernaqar 

r-·1aharashtra 

15. Dhule 
16. Jalgaon 
17. Ahmecnagar 
18. Satara 
19. Sangl i 
20. Sholapur 
21. Aurangabad 
22. Parbhani 
23. Beed 
24. Nandeo 
25. Osmanbad 
26. Bulchana 
27. Akola 
28. Amravati 
29. Yeottnal 

30. 
31. 
3 2. 

Ajmer 
Alv;ar 
Ba nsv-1ara 

4 3. 57 
55. 34 

62.5£3 
50.09 
32.22 
47.11 
6 2. 32 
62.65 
94.97 
59.33 
59.·1·3 
91.66 
79.42 
48.70 

67.40 
74.40 
57.88 
80.32 
6 2. 48 
58.43 
7 2. 58 
82.10 
66.80 
90.11 
80.99 
80.28 
84.65 
87.73 
99.16 

52.7 3 
61.61 
92.24 

34 
34 

40 
45 
62 
55 
67 
54 
35 
41 
45 
35 
40 
40 

32 
29 
34 
24 
27 
28 
30 
31 
30 
29 
30 
27 
26 
26 
24 

43 
35 
37 

19.7 
1S.3 

15. 2 
7. 2 
9.9 
9.3 

13.4 
19.5 

7,..tJ 
10.8 
13.6 
1<;-.:-: 
25.8 
8.8 

10.2 
1:).4 
18.0 
17.6 
12.7 
13.7 
12.4 
5.1 

11.5 
5.5 

14.5 
3.9 
2.9 
4.6 
8.9 

26.1 
20.1 
7.0 



21Z 

1 2 
..., 
.;;J. 4. 5 

3 3. Barmer 27.75 58 0.9 
. 34. Bharatpur 67.15 34 19.3 

35. Bikaner 26.37 50 2.0 
36. Chittargarh 85.21 36 26.0 
37. Churu 3 2.. 55 40 0.1 
">n 
~'b. Dungarpur 76.16 37 10.0 
39. Jaisalmer 16.40 ~ss o.o 
4 o. Jalore 4 2.16 56 15.2 
41. Jhunjhunu 44.45 36 5.5 
4 2. Jodhpur '3 \ .. '6 ~~ Sl6 ·3 • I 
4 3. Kota 88.5 6 35 25. 3 
44. Nagpur 3Ei.86 Ll~ .:;:, 3.4 
45. Pali 49.04 50 26.9 
4 6. Sc.wai Nadhopur 68.92 38 1S.3 
47. Silcar 46.61 38 9.38 
48. Tonk 61.36 41 16.96 

L1adhya Pradesh 

4 s. Indore 98.00 29 11.7 
5o. Rat lam 89.59 36 S.2 
51. Ujjain 89.25 33 5.8 
52. .Hands au r 8 2. 45 35 13.2 
53. Dhar 83.33 32 7.0 
5 4- • Jhabua 8 2. 80 34 3.3 
55. Hest Nimar 8 3.15 ')~ 

..)/.. 8.6 
56. East Nimar 88.00 30 6.2 
57. Bhind 66.83 32 27.4 
5 f3. Shivpuri 81.63 33 15.5 
59. Dati a 73.99 31 15.0 
60. Raj ':;:]arh 90.07 31 6.3 
61 .. saajapur 97.72 31 7.4 

Andhra Pradesh 

6 2. Kurnool 62.20 26 12.4 
6 3. Anc.ntpur 54.40 31 18.0 
64. Hydrebcd 77.3 29 20.1 
65 MeC:ak 88.60 /:7 26.1 
66. I·1ehboobnagar 7 o. 50 26 16.2 
67. Adilabad 95.10 24 8.3 
68. 

Karnataka --------
68. Bange lore 77.73 22 20.1 
69. Belgaum 79.13 22 15.5 



1 2 3 4 5 

---------------------------------------
7 o. Bellary 57.17 28 20.0 
71. Bic'Ja.r 85.70 ~,o 

L. • ...,· 5.5 
7 2. Bijapur 56.99 30 7.9 
7 2. Chitradurga .- ,.- .-. ('· :) 0. ::_.cj 26 19.0 
74. Dharwar 68.44 25 8.2 
75. Gulberga 71.77 29 2.6 
7 6. Kcle.r 77.09 24 26.1 
77. nysore 75.75 ,...... .-, 

LL 16.0 
78. Raichur 57.93 30 16.5 
7 9. Turnkur 66.87 24 18.8 

Tamilnadu -----
a~. Salem 84.24 24 25.5 
81. Dh<?rmcpur i 84.43 24 14.6 
8 2. Tiruchirc:pc;lli 86.78 --·.f:: 

LJ 28.6 



s. Dis tri.ct/ 
No. St;->te 

1. 2 

HARYANA 

1. Bhh1ani 
2. M.G2rh 

3. 
4. 
5 • 
6. 
7. 
8. 
9. . ,..., 

.l.Lo 

12. 
13. 
14. 

Jamnagar 
Rajkot 
s. Nagar 
Bhavnagar 
.Z~mreli 
Junagarh 
Kutch 
Ban=.sl<antha 
.Jabark2ntha 
Ahmedc.bad 
V3dodara 
Brauch 

MAHARASHTRA 

15. Dhule 
16. Jalgaon 
17. Ahmednagar 
18. Sa tara 
19. San~fli 
20. Sholapl,.lr 
21. Aurangabao 

Apd. II 

AreG unc1er crop a.s oro;;;ertiot~ to (?ras.s Crop~>::d :~rc=a (Per cent) 

Bajra 
(a ) 
67-70 

3 

Gram 
(b ) (a ) (b ) (a ) 
77-80 67-70 19-80 67-70 

3 4 

24.0 40.1 2.5 
47.3 3e.7 2.6 

0.6 
1.2 

25. 1 
23.5 

16.5 
14.0 
19.6 
30.4 

13.3 
24.4 
44.9 
1'5. 0 
13.8 
4.0 
2.2 

23.1 
10.6 
27.4 
15.5 
21.8 
9.5 

16.6 

9.8 
7.1 
L~. 0 
19.1 
15.7 
6.5 
1:) • 4 
29.6 
10.6 
10.3 

3.4 
1.5 

16.7 
9.3 

20.7 
15.5 
14.9 
4.8 

13.3 

18.1 
12.3 
19.1 
16.7 
12.4 
7.7 
18. 3 
12.2 
4.4 

17.4 
10.8 
17.9 

17.3 
18.9 
37. 3 
19.2 
31.7 
60.6 
27.2 

10.7 
6.5 
14.7 
13.1 
10.6 
4.6 
11.0 
11.1 
1.7 

11.1 
10.2 
21.9 

24.1 
25.1 
46.7 
35.4 
35.2 
62.7 
33.2 

0.1 
0.1 
0. -. 
0.1 
o.o 
c:. 5 ' 
o.o 
0.2' 
0.6 
0.3 
0.3 
0. 1" 

1. 2 
0.7 
1.6 
1.2 
1.5 
1.8 
2.8 

(b) 
77-80 

35.5 
L2.9 

0.1 
0.1 
0.6 
C.1 
0.1 
,..... .-
~..-. 0 

o.o 
(j ') 
\. .... · ...... 

-. 0 
1.2 
0.4 
0.3 

1.3 
o.s 

1.6 
2.0 
::. 4 
2.6 
:-<.9 

Grouncnut 
~-:---

( <J ) (b ) 
67-70 77-80 

5 

o.o 
o.o 

51~ 7 
51.6 
..., ~ 

I • t.) 

29.1 

0.3 
18.6 

~.4 
2.1 

LL6 
6.3 
1.8 
6.9 

13.9 
6. 1 
~-. 8 

0.0 
0.1 

63.3 
54.0 
5.4 
31.7 

..., -
I • :~J 

0. ::: 
16.4 
1. :s 
3.1 
~ .• 1 

13.2 
8.6 
1.4 
9.7 
7.7 
2.2 
2.1 

Cotton ·--------------------ca-) --<b_) __ 

67-70 77-80 
6 

11.0 
o.o 

3.1 
12.5 
44.3 
6.5 
3.7 

G ~ ..... ,_. 

.; .. ..) 

3t~. 7 
3,1. 5 
45.6 
50.9 

10.6 
22.8 

2. 2 
(1 ~ 
._, . ',) 
0.8 

1.8 
o.o 

4.5 
19.1 
53.7 
14·. 9 
7.6 
5.9 
1(·. ~") 

?..0 
25. 1 
2c.:;. 3 
39.8 
31.6 

7.4 
17.5 
1.0 
1.1 
C.4 
1.1 

10. 3 
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~--------------------------------------

22. Parbhani 
23. Beec1 
2 4. ~~·a nCled 
25 .. O.smanbc.d 
2 6 • JB>u l d ha n c.1 

27. Akola 
28. Amrauati 
29. Yeotmal 

RAJASTHAN 

30. Ajmer 
31. Alv1ar 
32. BanswarCl 
33. Barmer 
34. Bharatpur 
35. Bikaner 
3 6 • chitter gar h 
37. Churu 
38. Dungarpur 
39. Jaisalmer 
40. Jalore 
41. Jhunjhunu 
4 2. Jodhpur 
43. Kota 
44. Nc.gaur 
45. Pali 
46. s. Hadhor:ur 
47. Sikar 
48. Tonk 

0.7 0.9 
15.0 14.1 
(.!0.3 0.3 

2.6 2.0 
1.2 1.5 
0.8 Cl.7 
1.0 1.0 
1.4 1.3 

13.2 
25. 2 
o.o 

77.7 
21.7 
41.0 

o.o 
37.5 
0.1 

88.1 
59.7 
44.3 
55.2 

D.S 
45.6 
23.1 
25. 2 
46.8 
9.3 

8.7 
23.4 
o.o 

60.0 
23.5 
31.9 
o.o 

35. 1 
U" n . ~ 

71.6 
35.7 
y;. 7 
49.6 
0.3 

4:::.6 
13.2 

22.0 
35.6 
4.0 

35. 2: 
36.7 
36.6 
36.S 
36.7 
31.9 
24.8 
34· .B 

26.0 
3.0 
6.0 
0.2 
5. 3 
0.1 

15.4 
o.o 

1.8 
1.3 
0.4 
0.1 
1.0 

35. 3 
6.5 
9.5 

10.0 
·o. 2 

28.0 

34.7 
43.3 
.?S.l 

3 _·. 3 
30.9 
25. 4. 
32.3 

21.4 
1.3 
0.6 
0.1 
2.7 
0.2 
9.0 
c.o 
0.2 
1.5 
C.4 
o.o 
0.8 

24.2 
4.0 
3.9 

10.2 
0.5 

24.0 

2.7 
3.6 
2.5 
11 • 7 
0.6 
1 • .::: 
o.e 
0.6 

5.0 
23.6 
12.2 

0.5 
24.9 

O.C: 
·1. 4 
2.6 
8.7 
o.o 
0.4 
4:.7 
o.o 

13.3 
0.5 
1.6 

16.9 
1.6 

14.6 

1'·1ADHYA PR:";DESH -----
4'?. Indore 
5 J. Rat lam 
51. Uj~'ain 

0,3 
2.5 
1.8 

o.o 17.3 1~.4 13.5 
1.5 21.4 13.1 7.6 
0.3 27.7 28.5 8.2 

3.1 
3. [, 
2. 1 
5. 0 
1. ,'} 
1.9 
1.6 
0.8 

9.4 
22.1 
13.2 
0.2 

17.8 
0.4 

11.0 
6.9 

0.1 
1.8 

12.7 
0.9 

13.6 
2.1 
5.7 

14.8 
5.9 

13.0 

15.6 
1 :.::·. 1 
12.9 

1.1 
5.8 
4. 1 

11.5 

3.0 
3.4 
3.5 

4.2 
0.2 
2.6 
o.o 
3. 1 
o.o 

13.3 
o.o 
0.2 
o.o 
o.o 
o.o 
o.o 
0.9 
0.5 
0.5 
6.7 
0.8 

2.4 

1. 2 
6.4 
<1. 0 

' " 1 w. . -
2.5 

~ ,.. 
.:J.o 
"l .. ~. 
.:) • £~ 

4.6 
' 0 .._.,._.. 

6.2 
0.2 
1.0 
o.o 
3.1 
c.o 
6.7 
0. C! 
c. 1 
c.o 
C:. 0 
c. 1 
- r 

'.-" • L 

1.0 
2.3 
0.7 
8.4 

6.0 

1.1 

2.8 

2G.S 
5.4 

)6.3 
4. 1 

3S. ~~ 
41.7 
50.9 
42.2 

o.o 
8.0 
o.o 
o.o 
o.c 
5. 2 
r ,-. 
._) • L-
(' ~ 
,j. (: 
, ... ' . . _,. '~· 

0. 1 
o.o 
o.o 
o.o 
o.o 
1.6 
0.0 
o.o 
0.4 

4.1 
12.1 
13.6 

:;o. 7 
3.7 

:-:s. s 
?.4 

27.6 
37.8 
44.5 
41.0 

4.1 
o.o 
8.4 
o.o 
0.1 
0. 2 
3.0 
o.o 
1.0 
o.o 
c.3 
o.o 

• 2 
o.o 

o.o 
0. C; 
0.1 

0.7 
9.7 
6.8 
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-52. l'~andsaur 0.7 0.3 32.9 22.2 3.7 14.6 13.7 -~;. 0 3.1 1.2 
53. Dhar 3.0 1.3 17.0 11.0 f3.6 10.0 9.0 fj. 7 7.9 11.7 
54. Jhabua. .4. 6 1.5 11.8 6.1 4.1 5.9 7.7 (). 7 7. 2 7.5 
55. ltJ. Nimar 8.3 4.8 30.8 21.7 0.8 1.7 6.5 8.9 :20.0 25. 3 
56. E.Nimar 1.3 0.8 27.1 23.8 1 • ~2 1.6 :3.4 5.4 30.7 32.4 
57. Bhind 11.0 10.5 7.4 6.1 r·,o "'"' 

..:.. -· • L 23.0 o.o ;:) • 0 o.o c.o 
58. Shivpuri 1.2 1.3 12.4 17.2 26.7 2:6.7 ·J. () ·:·:. 1 0.0 o.c 
59. Dati a 1.2 1.3 12.4 17.2 ;: 6. 7 25.7 O.CJ 0.1 () (J 

\_/. '·' c:.o 
60. Raj garh o.o o.o 35.8 32.2 4.2 7.9 7.4 6.8 11.; 7.2 
61. Shajapur 0.2 0.1 38.1 26.5 5.1 9.3 8.4 7.7 19.7 0 0 

_.J • .,/ 

ANDHR~ PRADESH ----
6 2. Kurnool 

~\ 

2.9 2.9 26.5 27.3 0.5 0.6 19.2 15. 0 12.4 12.6 '· 
63. Anantpur 7.3 5.7 17 ~o 1" r.: 0.3 0.2 25. 1 35. 3 3.8 2.7 Lo:J 

64. Hydr2b2d 2.4 2.5 30.'3 34.6 2.3 1.7 2.0 1.6 0.1 o.o 
65. Medak C.9 1.3 30.2 32.6 4~1. 3. 1 1.8 0.5 0. ~~ n 1 

·~ . ..:... 
66. Mehboobnagar 5.6 5,5 31.5 32.6 ~0.5 0.3 12.3 11.8 1.1 0.8 
67. Adilabad o.o o.o 38.1 41.0 0.8 0.6 2.1 0.8 14.0 17.8 

KARNATAKA ----
68. Banglcre o.o o.o 0.9 o.o 0.7 0.1 ·-, ,.- J.. r: o.o o.o L:oO .... ._) 

69. Belgaum 9.1 10.2 26.0 20.4 1.8 ') " LeV 14.4 13.8 ~ 1 
0. '-= 6.6 

7 0. Bellary 4.9 7.0 28.7 23.7 0.3 1.1 14.1 6.7 20.0 16. 4 
71. Bidar 3.6 5.0 28.3 24.2 12.8 10.4 8.8 5.4 2.6 2.0 
7 2. Bijapur 15. 3 17.4 42.3 33.9 1.5 1.7 9.5 7.7 12.7 12.3 
7 3. Chi tr2.durga 5.0 4.3 17.0 16.2 o.s 0.9 6.3 9.9 8.0 6.8 
74. Dhar11-1ar 0.2 0.2 23.5 20.6 1.1 1.4 13.2 1C':. 7 20.7 20.7 
75. Gulberga 8.1 11.3 40.4 25.1 2.6 3.6 9.7 8.4 6.1 8.3 
76. Kolar 2.4 1.5 1.5 0.9 0.3 0.1 13.8 19.9 o.o 0.1 
77. My sore 0.3 0.4 18.1 17.2 0.7 0.5 6.3 6.1 0. 7 "1.5 
78. Raichur 5.2 5.7 26.3 22.0 1.4 0.9 10.9 13.4 23.5 25.7 
7G -·· . Tumkur 0.5 0.6 6.8 5.7 0.6 ').3 7.2 11.8 (). 2. 1.9 

TANILNADU -----
so. Salem 10.2 8.3 17.4 16.6 o.o 0.1 ') ") 'J 21.2 2.0 4.8 

,,N 
·- .t~ • ._J 

,....,. 
81. Dh;:3.rmapuri 3.0 2 .1· 11.5 11.9 0.1 ·~:. 2 10.0 10.7 ~~; • 4 1. 3 ·~ 
8 2. Tiruchirappli 12.5 13.4 16.2 19.1 o.o o.o 12.8 9.1 0.9 1.0 



~1.1 
A1.)PENDIX III 

DROUGH'J' PRO~~I.:; DISTRICTS ( Il\JD TA) 
Yield of Selected Crops 

(Yield in Kg/ha) 

------------------- -----------------------~ 1 2 3 4 5 6 7 
Ground cotton 

s. District Bajra Jowar Gram nut 
No. a. b a b a b a b a b 

67-70 77.80 67-70 77T80 67-70 77-80 67-70·77-80 67-70 77-8 ---- -- -----
HARYANA 389 155 190 146 908 823 1186 1000 237 263 -----

1. Bhi~c.1ani 482 150 199 158 914 831 1186 237 263 
~. H. Garh 217 165 156 146 886 802 1000 L. • 

3. 
GOJARAT 5 45 805 248 488 5 25 516 602 [) 96 155 183 ---

3. Jamnagar 553 694 97 221 501 564 509 756 170 308 
4. Rajkot 5 22 706 145 429 5 29 5 24 482 7r;() 1.83 282 
5. S.Nagar 178 304 83 113 552 523 384 637 .Jl 15 ~ 
6. Bhavnagar 708 1538 144 338 522 500 595 105"9 195 197 
7. Amreli 1-29 1348 2.1 s 543 bt> r; 5(;;2 59' 4 9JS4 1?2 255 
8T Junagarh 696 1516 461 892 505 5 24 893 1196 197 307 
9. Kutch 360 717 79 421 J.OOO 4-33 633 821 169 189 
1 o. Banswara 463 5 35 225 809 5 38 516 578 642 138 304 
11. Sabar-

kant he: 832 4 3•;: 342 609 5 32 ':'i 23 6.54 S6l- 96 \ ({ 8 
12. Ahmecabad 730 7 27 17 0 295 5 09 498 432 489 142 137 
13. Vadodarc 6?4 923 841 805 512 523 555 644 243 161 
1Li ~ . Brauch 701 599 540 700 471 530 553 649 17':" 114 

1-lAHAAASHTRi\ 282 356 552 805 283 351 664 610 23 99 -----
15. Dhule 443 599 540 777 376 438 618 559 90 124 
16. Jalgaon 355 581 756 1362 351 542 666 636 96 123 
17. -Ahmednagar 240 25 2 37 2 504 304 410 501 772 114 256 
18. Sa tara 289 216 632 875 378 383 1132 789 265 264 
19. Sangli 127 189 642 802 333 441 608 706 162 186 
20. Sholapur 167 205 378 386 284 314 5 25 632 232 291 
21. Aurangabad 306 370 471 734 257 360 410 46R 84 119 
2 2. Parbhani 330 466 538 772 256 294 822 616 76 99 
23. Bhir 359 438 566 831 303 35 2 671 601 77 127 
24. Nanded 303 492 736 1077 306 291 770 479 87 96 
25. Osmanbad 3L:5 409 594 992 242 365 671 561 83 115 
26. Buldhana 278 420 761 1356 25 0 294 479 386 88 189 
27. A kola 281 404 726 856 264 255 621 554 66 78 
28. Amrovati 27 2 377 630 117 6 291 10~ ~ L 669 7 28 89 82 
29. Yeotmal 289 398 591 925 277 346 676 514 71 93 



1 2 3 4 5 6 7 

---·--------- -----------------------
RAJASTFLl\N 175 165 280 300 698 787 522 511 103 14: 

30. Ajmer 399 305 81 53 314 474 297 35 3 112 197 
31. AlvJar 365 395 't .. .:J 8 340 868 1178 €.\6 526 99 22.3 
32. Bans\·Jara 271 180 365 579 512 619 tno SS6 11 62. 
33. Barrner 76 140 80 1Sl9 791 612 670 141 224 
34. Bharatpur 429 411 147 194 937 1087 224 437 119 221 
35. Bik.:mer 53 74 43 344 66 2 611 276 170 218 
36. Chittergarh241 176 412 60-~· :J 

5 r. r) 
,(. (' 491 622. 622 107 132 

37. Churu 113 96 46 386 3~)9 398 582 221 
38. Dbngarpur 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 6 30 123 195 
41. Jhunjhunu 278 69 188 129 5 04 968 161 555 170 231 
4 2. Jodhpur 91 163 65 281 739 593 98 515 117 222 
4 3. Kota 25 3 176 5 28 493 5 07 713 557 577 135 237 
44. Nagaur 192 17 2 63 197 648 479 247 479 125 218 
45. Pali 128 175 46 17 2 749 615 159 546 129 16 2 
46. S. i1edhopur 415 356 348 320 702 863 784 555 125 219 
47. Si 1<.:2r 388 203 213 296 70" __.L 932 258 5 27 180 210 
48. Tonk J00 

...) .... _J 298 230 180 443 559 337 463 128 219 

I·1ADBYA 
Pf'~DESH 415 408 689 64 3 572 549 674 566 83 72 

49. Indore 5 05 360 771 796 475 572 588 558 66 65 
50. Rat lam 362 5 37 729 544 446 418 712 566 61 74 
51. Ujjain 403 5 36 832 821 505 460 780 666 70 54 
52. l·landsaur 417 5 34- 561 512 5 04 5 38 715 474 71 51 
53. Dh2r 341 383 5 05 453 454 482 612 549 89 94 
54. Jhabua 294 357 577 581 4~2 497 540 388 96 7 
55. W. Nirnar 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 632 604 864 812 999 757 600 
58. Shivf)uri 498 624 442 425 5 99 608 7 25 669 97 30 
59. Dati a 462 580 604 799 463 5 26 672 
60. Rajg2rh 307 476 708 582 5 38 477 628 468 90 6 
61. Shajapur 4 2(, 557 917 847 517 623 671 671 84 s 



1 2 3 4 5 6 7 

-- -----,-------------------~--------------------

ANDHPA 
IJP-AD~n 39 3 . 463 470 640 ')r a 

"'· :::> ·" 390 621 763 62 82 

62. Kurnool 5 3B 4S' 3 426 7 28 298 497 631 713 52 73 
6 3. Anantpur !.i-1 0 559 378 626 :::17 367 640 816 38 123 
64. Hydrabc:d 30B 4 32 4"/9 714 2r-.:.o tj. ;~ 1 581 800 92 Cc<5 
65. Hecak 284 318 574 65 3 ~'64 3S n SQ!1. f.-; (1 11? ("'.3 

66. Ned2k 303 370 458 574 263 331 573 688 45 201 
67. Adilabad 277 315 544 590 204 3~) 1 612 546 92 86 

Kl\ RNA 'I'A KA 312 446 600 782 410 423 65 0 7 21 59 129 

58. Banglore 304 2 351 2060 40C 414 7 24 1038 571 
69. Belgaum 221 2 36 574 812 433 479 5 29 612 46 169 
7 o. Bellary 394 600 689 1007 439 443 861 1169 64 158 
71 Bidar 403 447 5 28 1016 486 522 652 420 56 147 
72. Bij-:lpUr 299 338 446 5 36 766 322 5 38 421 42 108 
7 3. Chittradurga 324 545 1122 1698 447 435 7 24 145 9 61 103 
74. Dharv.•ar 322 409 816 1398 292 309 572 564 65 95 
75. Gulberga 349 511 545 636 410 398 498 589 71 112 
7 6. Kolc.r 316 439 1093 1·176 4 35 422 900 861 679 
77. JvlyEore 311 743 616 982 4 38 421 1021 1128 59 280 
78. Raichur 371 7 38 541 670 410 409 818 602 62 1tS6 
79. TUmkur 309 498 1097 937 418 404 602 947 58 361 
80 

'J:~ilnadu 650 '70"3 !Oi 180 540 5·~'3 114 1161 257 2-62 

80 Salem 634 634 779 594 541'. 586 818 1170 241 293 
81. Dharmapuri 582 980 813 1202 5 32 579 848 1267 235 190 
8 2. Tiruchirapalli 

667 703 611 694 566 611 755 1076 282 214 



Apd. Til ? 2~ 
Drought 1-'rc;ne Districts ( In.:lic:.) "'"' ' 

Annual Compound Growth Rate of Yiel~ of Some Crop 

(1967-70 to 1977-80) 
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2. 

3 • 
4. 
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10. 
11. 
12. 
13. 
14. 
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15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2 3. 
24. 
25. 
26. 
27. 
28. 
29. 

30. 
31. 
3 2. 
3 3. 
34. 
35. 

Bhh1ani 
!·'1. Garh 

GUJAR~T 

Ra j1wt 
s.N::;gar 
Bh;:;vn.::;gar 
Amreli 
Ju nRgarh 
Kutch 
Banswara 
Sabarkantha 
Ahrnedabad 
Vadodara 
Brauch 

HA HA Rl\ S H T I-<...X! 

Dhule 
Jalg<:on 
Ahmecnagar 
Sa tara 
Sa ngl i 
Sholapur 
Aurangabac 
Parbhani 
Bhir 
Nande::l 
Osmanbad 
Buldh2na 
A kola 
Amravati 
Yeotmal 

RAJASTHAN 

Ajr:1er 
Al \..Jar 
Banswara 
Barmer 
Bharatpur 
Bikaner 

-8.79 

-11.02 
-2.7 0 

-~-9S 

2.30 
3.09 
5.50 
8.07 
6. 35 
9.00 
7.13 
1. 46 
-6.19 
-O.(J)4 
2.89 
-1.56 

3.06 
5. OS 
0.49 

-2.87 
4.06 
2. 07 
1. 92 
3.51 
2. 15 
4.97 
2.32 
4.21 
3.70 
3.32 
3. 25 

-0.59 

-2.65 
0.79 

-4.01 
6.30 

o.' 43 
3.39 

-2.60 

-2.28 
-0.66 

8.513 
11.46 
3.13 
8.91 
6.92 
6.-8 2 
18.21 
13.65 
5.94 
5.67 
-0.44 
2.63 

"?,.84 

3.70 
6.06 
3.08 
3.31 
2. 25 
0.21 
4.54 
3.68 
3.92 
3.88 
5.26 
3.33 
1.66 
6.44 
4.58 

-4.15 
5.03 

4.63 
9.54 
2.81 

23.11 

-0.98 

"':'0.95 
-0.99 

-0..-17 

1. 19 
-0.10 
-0.5 3 
-0.13 
-2.77 
0.37 
-8.02 
-0.42 
-0.77 
-0.22 
0.21 
2. 4 3 

2·18 

1.54 
4.44 
3. •J4 
0.13 
2.85 
1. Qll 
3. 4 3 
1.39 
1.51 

..0.40 
4.20 
1. 63 

-0. 35 
-4.07 

2.25 

1.21 

14.10 
3:1o 
1.92 

-2.5 3 
1.. 50 
-0.80 

4.06 

4.04 
5.10 
5. 19 
5.88 
5.03 
2.96 
2.63 
1. 06 
-1.5 0 
1. 27 
1. 50 
1. 61 

- b·&lt 

-0.10 
-0.46 

4.46 
-3. 35 

1.51 
1.87 
1. 33 

-2..-84 
-1.10 
-4.64 
-1.77 
-2.14 
-1.13 

0.85 
-2.70 

-0.21 

1.74 
-1.57 

3.14 

6.92 

1. 05 

-1 .. 05 

1.67 

6.12 
4.42 
6.57 
0.10 
4.02 
4.54 
1.12 
8.22 
7.51 
-0.36 
-4.03 
-4.41 

\ ·'18 

3.25 
2.51 
8.42 

-0.04 
1. 39 
2.29 
3.54 
2.68 
5.13 
0.99 
3.31 
7.94 
1.68 

_, __ ::. 82 
2.74 

3.34 

5.81 
8.46 

-2.14 
4.74 

6.39 
1. 93 



·~~~---~~' 2t1 " .... •" 

• . -~--; <_. - "" ~ \~ .... _. .. ~ :, ... :...._~- ")-~...... :,..; 
~->',. •. ,.;,., ;· -·~' 
·•'I ~~ ~ > 

' -;-, 4 - '/ 
1 2 3 4 5 6 7 -- ------~----- - o. ;:ri~---::::o. 1 o 

_____ _.._- ·----
36. Chittorgarh - 3. IJ9 5.37 2.12 
37. Churu -1..62 23.70 -0.03 
38. Dungarpur -3.00 6.45 1. 04 3.30 6.26 
39. Jaislmer 20.00( 5.97 -3.21 
4 o. Jalore 2.05 8.77 -3.00 6.15 4.72 
41. Jhunjhunu -13.00 -3.70 6.74 13.20 2. 53 
4 2. Jodhpur 6.00 15.77 -2.. 18 18. 04- 6.61 
4 3. Kota -3.56 -o. 68 3.47 -1.29 5.79 
44. Nagpur -1.09 12.08 -2.98 7.29 5.72 
45. Pali 3.18 14.10 -1.95 13.10 2.30 
46. S .11ad hopu r -1.5 2 -0.84 2.09 -3.10 5.77 
47. Sikar -0.27 3.'~5 ., • () 4 1·40. ., • 55 

48. Tonk -2.88 -2.4 2 2.35 3. 2 3 5.52 

1'-'iA DHY.Z\ .i:;PADESH -0.17 -0.69 -0.41 -1.7 3 -1.41 -------49. Indore -3.33 0.32 1.86 -0. s 2 -0.15 
so. Ratlam 4.02 -2.8<3 -0.65 -2.27 1. 95 
51. Ujjain 2.89 - o. 13 -0.93 -1.57 -2.56 
52. Handsaur 2. 50 -0.91 0.65 -4.03 -3.25 
53. Dhar 1.17 -1.08 0.60 -1.08 0.55 
54. Jhabua 1.96 0.07 0.95 -3.25 -2.97 
55. VJ. Nirnar -7.55 - \ . 6.9 .:-0· 1·J1 - 2.· 2.2- -- \. S6 
56. E.Nimar -3.10 -o. 71 -o. 1s 2.45 -2.14 
57. Bhind -o. 45 -o. 62 -0.54 
58. Shivpuri 2.28 -0.39 -1.63 0.80 
59. Datra 2.30 2.84 1. 28 
60. Rajgarh 4.48 -1.94 -1.14 -2.90 -3.20 
61. Shaj apur 2.71 -o. 79 1.18 -4.68 

ANDHRA PRADESH 1.65 3.14 4.18 2.08 2.84 ------
62. Kurnool -1.57 5.51 5. 25 1.29 3.45 
6 3. Anantpur 3.14 5.17 5.40 2.46 12.46 
64. Hydrabad 3.44 4.08 5.66 3. 25 0.32 
65. Medak 1.14 1.28 2.86 0.95 -1.92 
66. IVIehboobnagar 2.02 2.28 2.33 1.85 18. 27 
67. Adilabad 1.29 o. 8 2 5.58 -1.13 -0.67 

KA.RNATAKA 3.64 2.68 0.31 1.04 8.14 
6~ ~Q.'-'3CW-.;:;;--- O•oc ~.52. \. 0\ "\ ··"'~ 13·98 
69. Banglore -1.31 0.20 3.67 
7 0. Bellary 4.45 3.87 0.09 3.11 9.45 
71. Bidar 0.92 6.77 o. 7 2 -4.45 10.13 
7 2. Bijapur 2.37 1v8 6 1. 93 -2.4 2 9.90 
7 3. Chitradur'!ja 5. 34 4.23 -0. 27 7.26 5. 38 
74. Dharwar 2.42 5.53 0.57 -0.14 3.87 
75. G..llberqa 3.89 1. 94 -0.30 1.69 4.66 
76. Kolar 3.34 3.05 -0.30 -0.44 
77. Hysore 9.13 4.77 -0.42 1.00 16.85 

78. Raichur 7.12 2.18 -0.02 -3.02 9.67 
7 9. '1\lmkur 4.80 -1.56 -0.29 3.G5 20.06 

TAhiLi<ADU 0.79 1. 07 0.77 4.19 0.19 
80. Salem o.o -2.67 0.80 3.65 1.97 

81. Dharmc,puri 5. 35 3.99 0.85 4.26 -1.89 
8 2. 'J.1irucnrapalli 0. s 3 1. 2' 0.77 3.61 -2.7 2 



APPEN Dl CES V. i.lll 

YIELD( kg/ha), AREA(percentof GCA) OF SOME SELECTED CROPS~ 

ANNUAL RAINFALL, SEASONAL RAINFALL(cms.) AND C.V. OF 

RAINFALL IN DROUGHT PRONE DISTRICTS OF . INDIA 

YIELD 

Y1 Bcjra 
Y2 Jowar 
l3 Grqrn 
Y4 G.nut 
Y5 Cotton 

AREA 

A1 Bajra 
A2 Jowar 
A3Gram 
AJ. G.nut 
As Cotton 

APPENDIX~ (1968-6~ ). pp.223-32 

.APPENDIX1ll. (19781i) PP. 333-4.2) 

RAiNFALL PARAMETERS 

x, A. Rainfall 

X2 S.Rainfall 
XJ C .V. of Rain fall 
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