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ABSTRACT

Green Revolution was at its core a sort of techgiold response to the global food shortages thgited out of
the Second World War and claimed large chunks plifation. It India it has its root in the food dsisvhich engulfed the
nation in the very beginning of its journey as adependent nation. Using Normalised Difference Vatgm Index
images of Advanced Very High Resolution Radiomaiatellite dataset this study tends to map the dwmimy spatial
extent of irrigated and rainfed cropped areas dfteronset of green revolution. The result of tuelg shows an eastward

extension of the irrigated agriculture as well asver areas in central India coming under the aofhitigated agriculture.
KEYWORDS: Irrigated and Rainfed Agriculture, AVHHR, NDVI

INTRODUCTION

Green revolution has been the subject of so intelebate that an another text about it hardly semsmessary.
However the revolution of the 60’s which enablecsteDeveloped Countries (LDC’s) countries like itth overcome
chronic hunger, food crisis and huge food impont®tgh a significant rise in domestic foodgrainputtcontinues to
evoke considerable interest among researchers alicy pnakers regarding the nature of its impacttipalarly its
implications for growth, equity and sustainabil{fyinan & Chandrashekar, 1993). This interest rezgia wave of new
thrust due to the crisis in ‘green revolution’ mgs of the country. Even several decades aftetatinech of the green
revolution, the Indian agriculture, for the mosttp@mains subsistence agriculture. It revolutiediZarming practices in
wide extents in both tropical and subtropical regiavith major emphasis on three crops namely viteat and maize that
were regarded as the principal food crops withieséhregions. Though similar to other technologiealso had its
undesired consequences, but nevertheless it ptovied a miracle for millions with a hungry appetied begging bowl.
The green revolution severed the food crisis wiemarkable and an unprecedented speed which inlégrrio a

considerable decrease in poverty reduction andderiag the spectrum of economic progress in vaneg®mns.

Green revolution in India has its root in the famtsis which further severed after the crisis idZ19esulting in a
series of problems to the agricultural sector. Bdering good harvest years the food imports renthligh and rocketed
after a series of droughts in the 60’s forcing énth adopt the green revolution technology (Ref@42 The packaged
technology embedded modern farming technologypihtction of high-yielding varieties of seeds, iraged use of
fertilizers, development and expansion of irrigatiystems, and extension of credit and educat&eraices to the farmers
(Deshpande, 1986, Singh, 2001). India was amondiltstedeveloping countries to adopt farming stgis under the

green revolution in the mid-1960. The crisis simatof the 60's prompted the government to steprid advise a new

| Impact Factor(JCC): 1.4507 - This article can be denloaded from www impactjournals.us |




| 28 Niteen Kumar & Milap Punia_|

policy — a new agricultural strategy for increasihg agricultural production within the shortessgible time and for
minimizing fluctuations in agricultural producti@m account of unfavourable weather conditions wica@ime to be known

as the ‘green revolution’ (Rena, 2004).

In the context of the growth achieved by the grnesuwolution certain issues have cropped up with tivhéch has
been incurring an important dimension to the Indigriculture. Regardless of the positive trends,gfeen revolution lost
stem as agricultural growth declined severely mthid-1990’s. The fundamental transformation of in@l economy as
envisioned by the early planners did not occur. Gamed to the earlier period of agricultural modeation — the so-called
‘green revolution’ — the current phase does navakgricultural innovation policies to be guidedrmtional development
priorities. The public institutions which shapee treen revolution policies, both at the level afienal governments and
in international agricultural research organizagiosre shrinking in importance and are in the ea# being replaced by

unregulated, transitional market forces (Nanda 0200

However the Indian agricultural sector has answeedhe requirements that it must play to servibe t
development of the rest of the economy by perfogrtime necessary role of providing food, basic dagdustrial raw
materials and wage goods, labour and financialuress for the development of the non-agricultucalnremy — while the
agrarian society provides a national market forciasumer goods (Harriss-White, 2008). Since theebof the green
revolution, the rainfed areas had to bear the bofitihe backlash effects of the green revolutionensig changes in the
spatial extent of rainfed and irrigated agricultugetting in regional variations. Thus it is imgera to draw the variations

in the actual extent of the irrigated and rainfegptand areas with the advancement of the irrigatgétulture.
STUDY AREA

Spreading over 3.28 million sq. km area, India Gespletely in the northern hemisphere with tropicancer
passing through its middle. It extends betweertuiddis 8° 4' and 37° 6' north, longitudes 68° 7' @Rt 25' east with a
total east-west expansion of 2933 km and a nortiihsexpansion of 3214 km. As a distinct geograpleatity the region
is bounded by lofty ranges in the north and AralS8aa and Bay of Bengal in west and east respegti@eintaining from
the oldest Archean rocks to the newest fold moustaihe region encompasses the largest plain reaficthe world.
The entire area falls under monsoon climatic cemalét which are marked by seasonal reversal of windise a year.

Majority of the rainfall is concentrated within theonsoon months with three prominent regions ofi hanfall.
DATABASE

The study is based primarily on Normalized Diffarervegetation Index (NDVI) images of Advanced Veligh
Resolution Radiometer satellite dataset (Tucke®420For this the present study covers a time gp@5b years extending
from 1982 to 2007. Using AVHRR the distribution sifigle and double cropland areas will be mappedaaadysed for
1982, 1985, 1990, 1995, 2000, 2003 and 2007

The Advanced Very High Resolution Radiometer (AVHRRquired data in 5 spectral bands; one visibhe, o
near infrared and three thermal bands, all with4l§Bantizing levels. The thermal bands are not usetie GIMMS
NDVI data. The AVHRR produces at 1.1 and 4 km spagsolution. The 4-km product or global area cage (GAC)

! Though the impact of Green revolution started fi870’s onwards, the period has not been includetie study due to
unavailability of satellite based imagery for tlencerned period as the official archiving begary amllate 1970’s.
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product is derived from the 1-km product by onbosathpling. The 4-km product is available globalgn July 1981
until the present. The 1-km record is not contiraidts availability depends upon prior arrangememasie by NOAA, or

on the proximity of a local receiving station tlcan capture the data directly from the satellite.

The NOAA AVHRR satellite series 7, 9, 11, 14 andukéd for this NDVI record flew in sun-synchrongaedar
orbits with a nominal 1:30 or 2:30 PM local daytimeerpass time at launch. NOAA 7 data span thesy&@81 -1985,
NOAA 9, 1986-1989, NOAA 11, 1989-1995, NOAA 14, 532000, and NOAA-16 from 2000 to 2004 (and contgue
through the present). Global NDA/Was generated to provide inputs for computing tinee series of biophysical

parameters contained in the International Satelkted Surface Climatology Project (ISLSCP) Initiatill collection.
METHODOLOGY

The present study spanning over 25 years utilizhesh of remote sensing techniques to delineatértigated
and rainfed cropland areas. The basic processviesahe composition of mega-file data-cube, segimgrthe entire
region into characteristic regions that are eatsiesnalyse, performing an unsupervised classificatin each segment,

identification of spectral classes, calculatinguatarea using Sub-Pixel Area.

First of all, NDVI product for two different timegpiods 1982, 1985, 1990, 1995, 2000, 2002 and 208
collated. The 15 day synthesized images are cothpiyemerging segments (data strips) acquired ovetalys. For each
year 24 images (15 day composite) were downloadwt stacked to form a mega-file data cube. The Nbzeth
Difference Vegetation Index (NDVI) is a numericaldicator that uses visible and near-infrared ban€isthe

electromagnetic spectrum to assess whether thet faggng observed contains live green vegetatiorotr

Channel 2—Channel 1
Channel 2+ Channel 1

NDVI =

The principle behind NDVI is thathannel 1 is the red-light region of the electromagnetic cspen where
chlorophyll causes considerable absorption of inognsunlight, whereashannel 2 is the near-infrared region of the
spectrum where a plant’s spongy mesophyll leatire creates considerable reflectance. As a reggtirously growing
healthy vegetation has low red-light reflectancd high near-infrared reflectance and, hence, higtvNvalues (USGS,
1987). The calculations of NDVI for a given pixdvays result in a number that ranges from minus @hgto plus one
(+1); however, no green leaves gives a value dlmgero. A zero means no vegetation and close t®81- 0.9) indicates

the highest possible density of green leaves.

2 Green leaves have a higher reflectance in the ARHRar infrared band (band 2) than in the visidad(band 1),
because of differences in leaf chlorophyll absomptbetween the two bands. Chlorophyll absorbs gtyom the red
region, spanned by AVHRR band 1. Thus, the diffeeeim vegetation reflectance between the nearredrand visible
bands increases with green leaf vegetation dertséiyce chlorophyll concentration. The ratio of tierence between
band 2 and band 1 and their sum, hence the ND\dh imdex that ranges between -land +1; the obdeargye is usually
smaller: Non-vegetated materials generally haveuahnfower NDVI (around 0) than dense vegetation {¥»0since their
near infrared and visible reflectances are morelyegual.
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AVHHR 15-day composite of surface reflectance product
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Figure 1: Application of Phenology Based Algorithifor Identifying and Mapping
Rainfed and Irrigated Croplands (Using the AVHHR Daaset)’

The entire dataset was analyzed for the behavibforests, water bodies, snow lands and wastelaodbat the
dates during which these areas have a contrasififegethce in reflectance from the rest of the aglticral area. So using
selected images i.e. when the difference in reflem® was highest, a k-means unsupervised clasgifioaas applied and
the spectral identification was carried out with tielp of spectral profiles and Forest Atlas of Irest Survey of India).
The k-means algorithm uses Euclidean distance sorilie similarity among pixels characterized by sueaments of a
single variable at multiple time points. The nomiagjtural areas were masked on the mega-file date to obtain the
remaining agricultural area. Again, k-means unsuiped classification was applied using the maségyfcultural area for
the entire region. A maximum of 300 classes akefattons were attempted. For every class, 10 Gdbgteh very high
resolution “zoom-in-view” sample locations were @stigated. For each investigated point a class neasegiven based

on image interpretation techniques such as shag texture, location and proximity to water s@s.c

RESULTS AND DISCUSSIONS

Though the green revolution was introduced in 1886and its impact on agriculture started to appmar
mid-1970’s, the present study entails the changes arly 1980’s due to the unavailability of reengensing datasets
prior to 1980 as the official archiving began oslgice the early 1980’s. By the period of 1982 theeg revolution has
spread to almost entire Punjab and Haryana statts@ered major portions of Uttar Pradesh anddtaded stretching
further eastwards into Bihar in the Indo-Ganget&ns. Apart from these three states all otheestakcept Mizoram had
double cropped areas in varying degrees. The &aatunder double cropland were in the states cél&eNagaland and

Tripura.

% We assume that the single cropland areas represketrainfed cropland areas.
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In Punjab certain regions falling within Hoshiarp8tB.S Nagar, Rupnagar, S.A.S Nagar, Kapurthae Taran
and Patiala still practiced rainfed agriculture.c&st Tarn Taran and Kapurthala rest all the distried in the border
region with Himachal Pradesh. Out of these Rupnagadrthe maximum area under rainfed cropland. Iry&tea green
revolution had a far better coverage with only ¢hdéstricts namely Yamuna Nagar, Ambala and Parlahkaving fewer
regions under rainfed agriculture. Out of these Alathad the highest area under rainfed croplanthilUttar Pradesh,
the western region has benefitted more througlgtben revolution than the eastern region with nigjaf districts with
rainfed cropland lying in the eastern region. Ie thestern regions districts namely Saharnpur, Mamadgar, Merrut,
Bijnor, Moradabad, Bareilly, Pilibhit and Rampurshiéttle areas under rainfed agriculture. On theeothand districts in
the eastern region had significant areas undefedinroplands. These included Kheri, Sitapur, B&hraShrawasti,

Gonda, Balrampur, Bara Banki, Faizabad, Sid, Kushaftajganj, Deoria and Basti.

Moving further eastwards in the Indo-Gangetic @aionly a few districts in Bihar state has employked
technological know-how under the green revolutidrvery striking feature of the spread of green tetion technology
towards these regions is that rather than the dpbeing distributive in nature, it was mainly contated in regions
having border with Uttar Pradesh signifying an icilce spread of the technology from one regionhi® $urrounding
region. These regions mainly included Bhabua, Roti@axar and Bhojpur districts. Apart from thesans other districts
also had double cropland areas which included Patalanda, Jehanabad, Arwal, Begusarai, Khagaréahdpura, Gaya
and Aurangabad. Thus only four states namely Puijabnana, Uttar Pradesh and Bihar formed the sa@®a under the
green revolution technology. Apart from these ragiother double cropped regions were in Assam, laamd Kashmir,
Rajasthan, Gujarat, Maharashtra, Andhra Pradesimaitaka and Tamil Nadu.

Single & Double Cropland Area
1982

& o » @.
.._1 o,
»

3; 2 .

- ’}L\-‘-p_ v_." " o ‘_-1-5
/&mm‘l}w“ 1 »:;*-"T
k,?‘“—v"‘“"'“'kf{ __fL" J&J L

,ﬂ-f

“‘._“;}J:‘ ﬂ
NE

{
\} g

Figure 2: Single & Double Cropland Areas, 1982

Looking at the distribution of rainfed cropland asethe majority of such cropland was located & ¢bntral
India with Madhya Pradesh and Maharashtra haviagrhbjor chunk. Other significant areas under raimi@pland were
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found in Rajasthan, Gujarat and Andhra Pradesh.régmns under present Chhattisgarh and Jharkhatelsstoo had
widespread rainfed cropland areas. In Madhya Phadasept the bordering districts all other distritiad very high
percentage of rainfed cropland areas. Most of thgicts in the central region also had patchedamfble cropped areas.
The major rainfed districts included Guna, Vidishahoknagar, Shivpuri, Sheopur, Tiakmgarh, Chatarfagar, Damoh,
Panna, Satna, Katni, Rewa, Narshimapur, Raisenhathgmbad, Narshimapur, Sehore, Dewas, Indore, &ihtUjjain.
Districts with lower rainfed cropland included SidSahdol, Anuppur, Dindori, Mandla, Balaghat anasENimar. In
Maharashtra, the rainfed cropland were mainly cotragéed in the north-western districts. These ideth mainly the
regions such as Gondiya, Bhandara, Wardha, Nagpuravati, Akola, Buldana, Washim, Yavatmal, Champdra Nanded
and Hingoli. In the north-western region distritke Jalgaon, Dhule, Nashik and Thane were the raedas of dryland
agriculture. In the southern region Kolha, Sat&angli and Pune were the major areas of drylanitwdtyre. However
districts like Solapur, Osmanabad, Bid, Jalna ahch@dnagar in the south accounted for the regiovimdpahe least areas

under rainfed croplands.

The western part of India comprising Rajasthan &ujarat too have large areas under rainfed aguilt
Rajasthan is in fact the driest sate of India. #yiéh this region decreases from west to easthénwestern part Bikaner
and Jaisalmer were devoid of any such type of Bggmt agriculture. Running from north to southtddds like Churu,
Nagaur, Jodhpur, Pali, Barmer, Jalor, Sirohi, Tankl Jaipur had lesser areas under rainfed croplamsmajority of
rainfed agriculture in Rajasthan was concentratetthé southern districts of Bhilwara, Rajsamandaipdr, Chittaurgarh,
Pratapgarh, Banswara and Dungurpur. However figtricis namely Hanumangarh, Bundi, Kota, Sikapuiand Alwar
had significant double cropped areas. In Gujarat thinfed areas were mainly located in the extreymeth and
north-western districts. In the southern part digant dryland croplands were found in Junagadh,réiim Valsad,
Navsari, Tapi, Surat, Baruch and Narmada. In the¢hawestern region districts with major croplaneéas were Dohad,

Panch Mahals, Kheda, Sabar Kantha and Mehesana.

In South India Andhra Pradesh also has large arader rainfed croplands which were concentratechiyain
the northern part and south-eastern part. Theiasstwith higher rainfed areas in the northern oegivere mainly
Adilabad, Nizamabad, Karimnagar, Medak, WarangdlRangareddy. As opposite to this the major raidifistticts in the
south-eastern part were Prakasam, Nellor, Y.S.RGunatur. Apart from this, regions with lower raidferopland were
East Godavari, West Godavari and Krishna in théhnand Anantpur and Kurnool in the south. The dewsbpped areas
in the region developed primarily in the coastaaarin the districts of Nellor, Prakasam, Guntuisiiha, East Godavari
and West Godavari. In the eastern region West Bdragextensive areas under rainfed agriculturb miajority of these
distributed over the southern districts South TwelRbur Parganas, Purba Medinipur, North Twenty FBarganas,
Paschim Medinipur, Barddhaman, Birbhum and Murdteédia Out of all the districts, Puruliya has thestesrea under the
rainfed croplands. On the other hand two distn@mely Jalpaiguri and Koch Bihar. In the north-eastregion of the
country the rainfed cropland existed only in smapatches. The largest state in north-eastern meggo Assam had
substantial areas under double crop with fewersaveaer rainfed cropland mainly in the eastern phthe state. Apart
from this the central regions in Meghalaya had same@ under rainfed croplands. The two southerrt stages namely

Tripura and Mizoram were devoid of any significarapland areas.

The year 1985 not being a good rainfall year ditl negister advancement in the total cropped areaveén

experienced shrinkages in area under cultivatiaghimiseveral regions. In the power house of greeolution i.e. Punjab
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and Haryana did not register any significant changbe area under cultivation or the type of saition. Moving towards
the east Uttar Pradesh saw a little increase isitigde crop area in the north central distriatsBlhar surprisingly the area
under double crop increased. This jump was ateibumbainly to rise of double cropped areas in th#hreestern part of
the state. In the western region Rajasthan had stouble cropped areas in the northern and westgion. Other

significant double cropped areas were in Assamtl@doastal areas of Andhra Pradesh and Tamil Nadu.

In the case of rainfed areas one of the most sigmif aspect that appeared over the entire regamanrise in the
concentration of such croplands at the regionatlléw Maharashtra and Madhya Pradesh. In Maharagh& major
districts under the rainfed croplands were NagpWardha, Amravati, Akola, Buldana, Jalgaon, Washim,
Hingolil,Yavatmal, Thane and Nanded. Districts withatively lesser area under rainfed cropland vw&stapur, Satara,
Sanli, Pune and Ahmadnagar. In Madhya Pradesh #jerrmoncentration of rainfed croplands were in digricts of
Sheopur, Shivpuri, Tikamgarh, Chhatrarpur in thetmoRajgarh, Shajapur, Ujjain, Indore, Dewas, WHghar, East
Nimar, Burhanpur and Harda in the eastern and somthegion. Other regions of increased concentratib rainfed
croplands were observed in the northern and natieen parts. Further to the east in West Bengahthjor areas of

rainfed cropland were in the northwest and norttexa parts.

Single & Double Cropland Area
1985

Figure 3: Single & Double Cropland Areas, 1985

By 1990 the expansion of green revolution technielogo the central and eastern regions of the [Bdogetic
plains had more or less completed. The expansianlyriacluded parts of central and northern Uttead®esh and majority
of parts of Bihar. Such considerable expansion atas evidenced in large parts of West Bengal armml dentinuous
stretches in Madhya Pradesh. In Punjab certairomedfialling within Hoshiarpur, S.B.S Nagar, RuprmadgaA.S Nagar,
Kapurthala, Tarn Taran and Patiala which earliecficed rainfed agriculture, now had access tgatidn and could
harvest double crops. Except Tarn Taran and Kagplartrest all the districts lied in the border regiwith Himachal
Pradesh. In Haryana three districts namely Yamuagall Ambala and Panchkula earlier having regiomdeurainfed
agriculture, had been successful now in convettinge regions into irrigated agriculture. Thus hg time of 1990 both

Haryana and Punjab were completely under the utaboélgreen revolution. In Uttar Pradesh except fofuthe southern
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districts namely Banda, Chitrakoot, Allahabad, Mpar and Sonbhadra, the entire region was undgated agriculture
depicting remarkable progress in the disseminaifogreen revolution in the central and northerrtgaf the state. In the
western regions districts namely Saharnpur, Muzaéfgar, Merrut, Bijor, Moradabad, Bareilly, Pilibrand Rampur
which earlier had little areas under rainfed adtice, were now almost under irrigated agricultuFbe most significant
change occurred in the districts of the easteriorethat earlier had significant areas under rardeoplands, but now
were completely a double cropland region. Thestudwd Kheri, Sitapur, Bahraich, Shrawasti, Gondalr&8npur, Bara
Banki, Faizabad, Sid, Kus, Maharajganj, Deoria 8adti. Thus the eastern region caught up with tlestevrn region

which has earlier progressed at snail’'s pace.

Single & Double Cropland Acea
1950

Figure 4: Single & Double Cropland Areas, 1990

Moving further eastwards in the Indo-Gangetic @aihar made the most spectacular progress ingpkcation
of green revolution technologies during the lastadie. Except three districts all other districtd haajority of their areas
under irrigated croplands. Thus only four statemelg Punjab, Haynana, Uttar Pradesh and Bihar fdrthe largest area

under the green revolution technology.

Within the rainfed cropland regions Madhya Pradssh has the most extensive areas falling undetaid
farming. But a major change within the region whe formation of two continuous stretches of doubtepland
areas — one in the central and one in the nortreggion. The rainfed croplands occupied almost titeéeeregion except
some limited presence in the south-eastern andseestern districts. In Maharashtra the presencsiofed croplands
was extensively in the western part of the state districts in its central part continued to rem&o dry. In Andhra
Pradesh the majority of rainfed croplands werd@rorthern districts. In Jharkhand, except Puiiigi$ohum in the south
and a few districts in the north the entire stases wnder rainfed agriculture. These included Rargdfiardaga, Palamu,
Hazaribag, Dhanbad, Sahibganj. In the north-eastatas of India the status quo was maintainedtz@ was no as such
any significant change in the distribution of eitligpes of crops. In the western part of India,aR#jan and Gujarat too

did not cast any major alteration in the coveragaimfed cropland areas.
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Single & Double Cropland Area
1995

Figure 5: Single & Double Cropland Areas, 1995

Between 1990 to 1995 there was no major chandeeittdverage of double cropland areas except foe guarts
in Uttar Pradesh. Four of the southern districtdJitar Pradesh namely Banda, Chitrakoot, Allahabditzapur and
Sonbhadra which earlier had large areas underedhiofoplands were now under double croplands tcamextent.
However in Bihar, the conditions remained quiteiEimto the previous periods and there was no &réxtension of
irrigated agricultural lands in the region. Distsianainly Jamui, Kishanganj, Banka and Araria $tdd a sizable area
under rainfed croplands. Another new region of dewbopland came up in the northern part of Ragsttovering parts
of Sikar and Jaipur districts. Double cropland aisined prominence in the coastal areas of Andhadd3h and Tamil
Nadu.

The distribution of rainfed cropland involved adarscale increase in the southern state of Karaadakl it
appeared one of the prominent regions of drylam@t@aigure in India. The districts with higher areader rainfed cropland
were Gulbarga, Bidar, Belgaum, Bagalkot, Dhawadyétia Bellary, Tumkur, Hassan and ChikkabakkapuBgher
districts mainly Bangalore Rural, Ramanagara, @tiirga, Bijapur and Koppal had lesser area undigfiechagriculture.
Another significant growth of rainfed cropland akeas in the north-eastern state of Arunchal PradBEsé major districts
involving the change were Tawang, West Kameng, Kasheng, Kurung Valley, Upper Subansiri, West Sjadgper
Siang, Anjaw, Changlang and Dibang Valley. Howether rise of area under cropland was not exceptiphayh due to
rough terrain. In other parts of the country maithlg dry western region there was no change inl@ndpareas on a high
degree. Thus the major changes during the spaveofyears mainly took place in the southern andhreastern part of

the country.
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Single & Double Cropland Area
2000

Figure 6: Single & Double Cropland Areas, 2000

By the end of the century irrigated agriculture maoved out of the Indo-Gangetic plains and covered areas
in western Madhya Pradesh. District-wise it occdpparts of Indore, Ujjain, Dewas, Shajpur, SehBlregpal, Vidisha and
Sagar. A long narrow east-west extending stretctiooible cropland in the central part included paft®ewas, Harda,
East Nimar, Raisen, Narsimhapur and Jabalpur distrAnother stretch of double croplands in thethmn part extends
over Rewa, Satna, Panna and Damoh districts. Exxoepé of the districts in the south-eastern antegagpart rest of the
region had extensive areas under rainfed agrieuliur West Bengal the double cropland areas degdi@pominently in
the eastern, southern and northern districts mairdiuding South Twenty Four Parganas, North Twefdyr Parganas,
Haora, Hugli, Purban Medinipur, Nadia, BarddhamBitbhum, Murshidabad, Maldah, Dakshin Dinajpur ddtar

Dinajpur.

In Maharashtra the rainfed cropland areas covédre@tire central and eastern region and a nartr@ick in the
western part. Regions which were devoid of rainfggliculture due to highly unsuitable climatic cdratis included
regions of districts namely Dhule, Nashik, AhmadiradPune, Satara, Solapur and Sangli. In Karnagakdar regions
occurred in districts mainly Bijapur, Bagalkot, Kmgd, Chitradurga and Gadag. In Andhra Pradesh segibns occurred

in the northern coastal districts.

Thus, it became clear that between 1982 to 2009€,dibuble cropped areas completely covered theeentir

Indo-Gangetic plains and also a significant pamisxdhya Pradesh and West Bengal. On the other kiauthya Pradeh,
Maharashtra, Karnataka, Andhra Pradesh, Rajas@tamttisgarh and Jharkhand formed the core ofediafjriculture in

India.
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Figure 7: Single & Double Cropland Areas, 2003

Within the next three years, growth in area undaubde cropland was reported mainly from Gujarat trel
southern Indian states. In Gujarat significant deutsopland areas came up in Junagarh, Amreli aajioR districts in
south-west. In the north, central and southernspaidtricts mainly Anand, Kheda, Banas Kantha arahé&$ana. Surat.
In Maharashtra which is one of the largest raindeapland states, double cropland areas came upviera patches in
districts namely Nashik, Ahmadnagar, Pune, Satéolapur, Nanded, Jalgaon and Nagpur. In Karnatidieagrowth was
relatively slower and only three districts namelgldaum, Davanagere and Bellary has some areas dodéie crop.
Out of the three Belgaum had the highest area utholgiole cropland. In Andhra Pradesh districts ngridéarangal, East
Godavari, West Godavari, Guntur, Prakasham, Neltat Chittoor had significant areas under doublglaral. Out of all
the southern states Tamil Nadu had the highestwardar double cropland which were mainly spread dveruvallur,
Kancheepuram, Tiruvannamalai, Vellor, Erode, Sal€@uddalore, Nagapattinam, Thiruvalur, Thanjavunuielveli,
Kanniyakumari, Theni, Dindigul and Coimbatore digs. In Kerala only one district namely PallakadiIsignificant area

under double cropland.

Coming to the distribution of rainfed cropland aeshere was considerable rise in the area undefeda
cropland mainly in the states of Jharkhand, Odiglmaihra Pradesh, Chhattisgarh, Gujarat and KaraafBtke highest rise
in area under rainfed cropland was in JharkhandQutidha. In Jharkhand steep rise in rainfed aresssgen in Garhwa,
Palamu, Gumla, Simdega, Saraikela and Chatra. ieh@dhe major growth were in Kendujhar, Sundargbiilpada,
Balangir, Subarnapur, Baudh, Angul, Dhenkanal, ,P@dnjam and Gajapati. In Andhra Pradesh rapid irisminfed
cropland area was visible in Srikakulam, Vizianagarand Vishakhapatnam. Apart from this in the westart in

Guijarat, rainfed areas came up prominently in AmBHavnagar, Rajkot and Surendranagar.
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Figure 8: Single & Double Cropland Areas, 2007

By 2007 there was not any such significant chamgehé distribution of either double cropped or faihareas.
In fact there was some decrease in the extentrdedhcropland areas. In the double cropland categome increase was
seen in the districts of Andhra Pradesh namely Kham, Nalgonda, Vishakatpatnam and East GodavameSncrease
in the double cropland was also noticed in the tMglur and Kancheepuram districts. In Karnatake, double cropland
areas in three districts namely Belgaum, DavanagedeBellary increased further. Out of the thredlaBg now had the
highest area under double cropland. Thus by theoétite century and further till 2007 irrigated iagiture had moved out

of the Indo-Gangetic plains and covered new ameagestern Madhya Pradesh.
CONCLUSIONS

Thus the changes in spatial extent of double crapkreas since 1982 shows an exclusive patterasifvard
progression over the years. On the other handrssainder single cropland appeared to be spasiahte without much
drastic changes. By 1982 the double cropland atessred major parts of Punjab, Haryana and wediem which
extended further till central Bihar by 1990. TilB95 almost entire Bihar was under the double craplavhile the
extension continued with new areas of double craplamerging in central Madhya Pradesh. By 2000pstrthe entire
Indo-Gangetic Basin was under double croplandit®ecame clear that between 1982 and 2007, thele@uopped areas
completely covered the entire Indo-Gangetic plaans also a significant part in Madhya Pradesh arestVBengal.
However the double cropland areas remained witBi@) cm rainfall zone. Though the sub-humid regiertending
over eastern India receives higher rainfall, thegfotopography restricts the extension of doubbpland areas into these
regions. On the other hand Madhya Pradesh, Mahasaskarnataka, Andhra Pradesh, Rajasthan, Chyattisand
Jharkhand formed the core of rainfed agriculturmdia.
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symbol of irrigated agriculture, has shaped Indagsiculture from the early decades of independémdtke present times
passing though three different stages of the emlye crisis, boom through green revolution anddktest of depression
again. Since the very extension of irrigated adfira is bound with the development of perenniagation facilities, the

irrigated agriculture has hardly moved to any digant level beyond the Indo-Gangetic plains. Begrewith half the area

Thus it is meaty to note that how the interplaytted dynamics of rainfed agriculture and green natimh - a

of rainfed agriculture, the irrigated agriculturgstbeen riding the crest with rainfed areas bedhiadprunt.
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