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CHAPTER o I

INTRODUCTION




CHAPITH » 2

After infopondense, porticularliy Awring the lost two

~ €fongdes, thare has boon consifersble change in almost ald

the parcnaters of agrioulture in xmm.“ In order 0 moet
the groving demand for food of the teening sillions, cgrie
culture hus besn intensified on the ons hond and on the
other, attempts have boen wade to bring more and more oress
undor cultivation, From tins to time the government has
introduced new progeronnes cmd policies for the devaloprent
of agrioulture,

£8 a result of these noy programsaes ond policias-
oll the -pw’fzmtm of agriculture have undar gone a chonges
The net sown area hos insreased considercbly anf the gross
propped area has sluoot doudbled. The irrigated ares has
fnorac3ed hYy about 108 per cent over tho base year 1960.51,
Thus by cnd large, the monotary roturns per hestares have
6lso inoreasef a consideradle extent,

But &uec to variation in physical and soolo.esonomic
conditions, these change in agrioulture are not wiiforam all

. H.Z:.Y’antwam {1979}, agﬂmanwal polisy 4n tnale
Mmo mdapme!mse'

E.Gbﬁb (Oﬁi)' A o
ieat ngm M.). 9.23.



over the sountry oitheor spatislly or temporally. There
are states like Hsharashtra, Peghalaya and Assas vhere
vary little ohsnge hos token place; on the contrary in
Horyenn, Punjad, Rajosthon, Uttar Prodesh and Bihoy signi.
fisant chonges have takem place in ssriculture, Gimilarly
doring the certain perfods of tizo the change has been
slow and steady, mhweiafa furing sorze othar perlod, a
rapid change hos baon witnosces, This provides s very
izortont snfd potantinl fleld of resesprol in agre loultural
gevgrophy,

The nost iaportant feature of agrioultuwre in India
is tho predosinance of f008 orops, Anong the food arops
rice osoupios tho prife of plaoco, In fact in the rice bLall
of Indla, all agricultural aotivities are g@&raﬂ to and
ocontrolled by tho aonsiderations for growing rice. there.
fore no agrisultural developmont 18 possibls without moder.
nicing and A4mproviny the rice cultivation in India,

fmong the rice growing states in Inédla, Dihar has
tho lorgest oren under rloe, A8 0n 1970.71 the ares under
rios was 5,232,200 heotares, {ice vaouples nearly G2 per
cont of the gross sown area, But the yileld of riee in
Bihor 18 poor, It i3 Only 841 Ug/heotare uhen coapared

i . A

¢ This 15 bdelow khe all Inﬁ:la nverage yield of rics S.e.
1;145 kg/haeimm.



vith the yield of rice in Punjob, vhich is 2,042 W/hoo,,
tho yiold in Dihaor onounts to only holf of the best yleld
obtained in othor Btates of InMla, Shere 8 great soope
for tncreas ing the pleld of rice in Bihar, %he Increase
in tho yield of rice and corresponding rise in rise produs.
‘tion might pave way for refusing the ares unfer rise and
mtvamaa nore pmtimblé opops o8 the area onder rice |

i3 very high in Bihar,

~ One of the most common neans of increasing the proﬂmi.
ticn or the yleld is by irrigation, Irrigation froes the
rice sultivation from the vagaries of roinfall and thereby
stadlizes the yileld, It als0 helps to grovw more than mo
crops of rice, Deaides dirootly affesting the area, irrigo.
tios nloo provides tho base for putting more mofdern inputs,
interns of fertilizsr, bigh ylelding varieties, which will
cubstsntially inoresse the yield, 4ll in coabinstion leads
to higher productivity,

The frrigation develiopnent 18 uneven in the distriots
of Bihar, Pive alstriots (out of 17) ore having rapid feve.
lopnent in total irrigaoted ares Aue ¢o Done, Hosi and Gandak
Projont, thoy ares Chomparan 1,61 laih acres in 1060.81 to
8.63 lakh nores in 1972.73), Ghahabad (12,68 %o 17,17,

Saran (1.4 to 4,04), Gekarsa (0,70 to 2,068), Purnen (0,14 to
2,67}, Cxzcept Gaya, ODonthal Porgancs, Hacaribagh, Palamau
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_and4 Stnghthum all the 17 élatricts have inoreasod thesir
- prigateld aran,

48 o matter of fact, the yiold of 5 orop is fepen.
dant oa a nusber of Lootors such 58 < phystieal, technolo.
gical gn? institutional., In the present study, the finves.
tigation 18 largely sonfined to the impact of some of the
paraneters on tho yiald of rigs, The paransters consido.
red are rainfoll, frrigotion and vator avolladility, Bince
wotor 48 tho leading input in eane of riee srep, it hos
been oonsfidevod 28 2 éammme of rice ylold,

1.2 Objective of the Gtudy ¢

In the agricultural goozraphy of Bih-pr rice not only
daaupies o profominent positfon dnterns of avea mA produc.
tion but alse ., in a iy, determines the cultivation of
other crops, Infast the calenfor for all other orops are
af#justod to that of rlce, Aoy ioprovenent in rics suléives.
tion will, thaerefore, hnﬁ & direzt iupant on othor crops
theraby on tho agrioujtural esonomy of this state,

aaong tho cerecl orcps yice i tho most water loving
plont and 1to optinal growth {8 Jdeterminesd by the tinely
avallability of plenty of water, Dihar is well onfcved with
adaquate qﬁants.w of vater, Dut its Atstpidbution oOver apase
and tise is not conducive for optinal grovth of riee, She
rainfoll boing uncertain both intorcs of quentity ond time,
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‘Pis1@ of rico 18 1ow and produstion of rice 18 highdy
variable, Through Arrigation §¢ s pusaidle ¢o bring
in tmprovement on both these nspects, |

Since Sndepondence there has been a signifiomnt
inocroose in the irrigated orea in Bihar, Tho present study
ottempte to find cut tho oxtent to which these expestas
tions fron irvigation dovelopnent heve bwes readised,
it Bihgr throo orops of rice sre grown - Autumn, Hinter and

‘Buomer, The impant of drrdgation Govelopnont fn the 448t.
pioto of Bihap on ares ond yhold of ench of these arops
wad  oloo of gross rice orop 45 the nmain objestive of the
atudy,

| Canpl, Toalk, Uoll ond Tabavoell ond others are the
nain oouress of irrigotion.in Bihar, The sources of frri.
gatica aro umovanly Alntributed snd the Govelopment of

cach source of irrigaticn 12 alse not uniforn, The varying
irpoots of esoh source of &gﬂga&_&m on Aicfarant oyops

of pico are studies in this Sisnoprtation,

The net Lpast of Arripgstion devoloprent can bost
bo apscptaincd through an onolysis of predovotion, %o what
oztont tho irrigetion dovolopment has led ¢o the reduction
in profuction flustuntion and ralse in the production level
i yet caother objestive of tho study,



Literature on rico and Arrigation are pumercus,

. Host of thon are technical in nature ond written by
specialist agrononiots ond irpigation engineers, Uowevar,
soclial gsolentists in rooent years have anslysed the trond
in rice production ond the regional variation in rice
yield, Epeacial ottention is drawn to the fov literatures
which bring out the inter.relatfionship betweon wouther
paramoters nd yisld of rise, Likewise the irrigation
Aevolopasnt hal deen studiefdl by soosial sefentiets, on
over.view of some of the important litorature, 'wbammg
to the uhjeotive of the study is presentod in this section,

Hlaborate treotment on rice as & cereal araps and
the technicallity of its cultivaticn s given by Griae,
BB, {1965)% an# by the Contral Food Technologieal Hesearch
institute,” n fnterssting study by Bingh, L.R, (174"

desoribes the historicsl, aroheclugionl and botantesl
8, DH,, Urist (1965) - °Hice" bongm. droe & Co, LtA,

8, Na Teno.ileo, review; * + Senteal Pood
and Teohnological Rese mucnu myacu) 1088,

4. rB.fj.u%n (19?1) - ’ﬂgrscul.tural m‘tgln an® Msporsal
17 (2 & 3): poe 115119 '




o $doneas vhioh point out tho Indisn Origin of rice and
ite global Aisporsal with tho pesoage of Sine, ‘ﬂ'm
foportance of rice in the seonomy of Asis 15 precisely
brought out by Ishikava (1976)° The tmportont - role
that plays in the erop rotnotion and eropping pattern 48
brought out by Vashani, #,V, {ot, al.) tma}.ﬁ

he most inportant review on ¥oather anéd rice 12
done by Robertson, G,Y, CM?B}.? Ries oultivation, ngmn
and davelopment of rice plant, envirenmental faotors
- detornising the growth of rice, forscanting of rice yleld
basof of woathop Paotors, and the clinatic sonation onéd
dicciimatic conditions in ries producing creas are all
woll revievod by fobertson, Nikhilesh Des (1988)7 sesers.
bes the agro.climatioe factors of rics produstion in West
Bengal, The work of Halik, A.K, ( 1066° foousced on the

AR

G

e, ﬁ.‘% Vaohani (au. al.) (ma), - *f:rop rotation,
gnmig » ﬁfn ning and mamg patteru rma maﬁ
0 AT, C AR F Wy MR ” AR (4 8

7. Hl,Robartaon {tg?ﬁ)- 11lce _ond Ken
tio, 144 {m Horld tet, Org.).

Be ﬂmumb Pos {XMB). 'nmclmtw faatsm ot rice

um'

Be A, Maldk (1984): 'Gumauay of thn arup meaﬁm of
Indis - Rice', InAL: Bl 0% 8040, Ja0.phiyn d
7“:183 10,4y




nopnal growth Castures ond the yield of rice orop 4o
Indin, Ne hos pointed out that awwinz and transplanting

vhorsvar mmm&m mautmﬁs are not amuahh. ACODPw
#1ng to chircham ond Rekeja (1987)'7 wosther hos tremen-
dous ivpaot on the ries m&;tmtion@. ™o study of the
problon of watar supply for pgrioulture has also recsived
some obtention, Dogehl end Bhattacharya (1069)% nave
snalysed painfall for the pont 60 to 70 years in orfap
to asoess the wotor svailaobility and rainfall periofiogty
for ngricultural operation cnd the cropping patierns in
Lover test Bengal, The work done by Sbreham (1966)%
povenls thal the condined offoot of .all the weather faotope
seanpring in porticolor socson over g epecified gros neods
to b2 asvesced, It f8 nol necessary to ostimate the
offost of individusl vesther fuoters,

0. P, Mdpohes & 5,K,Rakhesa (1067) - *in anolyads of
rrcuth ut pmmetim M rnw nnd vhm!; arops in India’,
420 ’ zriog Al..EGR.» V01,87, no,3%.

11, a.&aagam & R.ﬁbatmnham {1960) « ‘Probloms of
vater supply for agrlioultural opsrations in lowsr
test Bongal', Csographieal Outdook, vol.S,

ic. Q.P, Abpchan (1995) « *Isolation of eflwct of westher

pmﬁuaﬂﬂby ‘ u other riamm u em-




Thoro are fow ctuffes degiing with tho prollems

| ~ of rits cultivation on prodlemns of soils, Bhnttacharya

1971038 hes tried to oollect information on the culti.
vation and improvenmsnt of rico in saline soils of India,
Patnetk (1971)9 hos stutied the results of the appifca
tion of fortilizors in submorged rice soils ond -ahm

tho ways end meons of improving soil conditions and 2he
apbliontion of fertilizors on o pational dasis for gotting
higher yleld of rice, Abichandant (1971))° hes suggestes
thot the ssline unfdorground wator potential of west Rnjase
thon ¢an be utilized for irrigzobion with intalligent and
proper 804l weter sonagexsnt proctice,

dacording Panse, V.3, tw&&m frrigation aan de
introducs in some rice aront a% o positive measure for

13, B.&Bhaeemha ga (19713 'Mea uultumam of mnm
soils? FODe ECa.i8 8 i ; Q1 z
ICAR, fov Do

14, &, Padtnagk {1971)s *Soil iueliorgtion and %wnlmr
usa for maximie Rice yieldt, Prog, Symp, fig,.
Infla's Cood Prodlem, ICIR, Wew Dalhi. .

16, €,%, Abishanfani (1971)1 *Mansgecont of Saling Yeter
Kﬂ‘lgam tiom tst mroaued erap profdustion’ Proe,
Bymp. s Egu 818 : A Problen, IC4R, Low Pelhi

18, V. 0,Panse ( msa) - 'asmt ﬁmm in ym.a ar rim
anﬁ whoat in Indis', Intis ittest, :
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incressing yield Ly supplementing the nornasl raiafall

of the orea anf not mercly a8 n protection agzalant the
vagaries of ratnfall, Be &iscunned tho trend of ylold

in riloe wnd whoat in Infia by attompting the rozression
analysis, The work by Hitra, T. {ot. al) (19647 dcale
with varfotion of rlos yield, ares and pro@ustion and
factor affecting the variations. And the artisle of Rao
(187138 Questions 'am‘aﬁ tho fastors responsidle for
inter.regional differemtials in tho growth of orop out put,
1t argues that the most irportont proximate osuse of the
Aisparitics in grovth of orop. cutput Aurlng 1082.53 to
1984.65 is tho d4ifferences in geowth of ifrrigation, The
papor by Sharna imvm’” exanines the regional ashievenents
in the profuction of rice in this contoxt; wariatioms in
ares are assoopanied by vardstions in produstion, fThe
analysis has idontiffied soze of the promising Aistreiots
which can da fovelopod into potential supplies of ride,
Govinda (1977)°° Bas Afscussed about the inter.distrist

17. T,Hitra iat. alsy 1964) - *atglﬁﬁal variation in yield
w*_ aare , nazor o:ggﬂ in India', Indisn Jousnsl.of

18, G K.Rao (19?13: '!m:..nalmal variations in Agricul.

tural Orowth?, 108%.63 to 1964.84, A ’i’mtamn amly,

sis in relation to Irrigation, [Laoanm 1.2ol ‘
teekly, July 3, vol.d,

19, 0.0.8harmn (.:1075),'Raegional varistion in fise ooono.
nony of India’, Iudlen Journal of Begional 8., ¥0l.2,

00. Talint, Oovinds (1977, *Vartation in wheat ond Dice
responses « 4 Cane ﬁtn@y in their profduction anf produn.

E 1;;% in Pm@h an® Havyaha', socasionsl popers,
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variations in the cultivation and produstivity of wheat
onf pilos in the Punjab.Haryana region, The yleld rates
can bs stablised and insrocsed to n cdusiderable oxtont
with proviadon of frrigaticn focilitios 4in ares depending
entirely on vainfall for orop production, Bashir anéd
Thingnlaya Ewﬁam have Manmma in their resvarcsh note,

Adyosony m Gubrananiam mm ' stated in his
articie that the proSuction of rice in Tunsl Dafu hoe
bsen almont stognent in tho pre.lreen revoluticn period
ant the marginal increase of 1,8 per cent 4n produstion
was contributed by oxtansion of ares under rics, The
degrec of polationship between profustion and productivity
lend guantitative support to the ohservation, '

Buzasin (‘1@89}33 nss montioned soze of the geograe
phical fagtors which are helpful in the drilliing of tude.
vells, Ho has also ascertained the influsnue of tubewells
and lanf use, oropping patterss, yield per aore an# agri.
culturel sativities in Upper Oanga Yamme Toab,

S N,

@1. A Dashir Tesal ' Mingalaya {(1066), ‘1rri gabim fastor
m yield variability of rics gmlna iots in

£e, P,& asany & ¥,Cubramsnian m'm 'Growth rates in
mctm & Profuctivity of Fios in Tamil fafu*,
situation in InMlo, vol.833, n0,12, Harch

28,
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 Baychowshars (1969)°% outitned the extent of uti.
1izotion of underground wotor in Arrigation in tho arid
and sent.arid states of north and north.vestarn Infin,
He hes aloo drawn up wator suitability meps for the stabes
of Punjab, Rajasthon anf Gujorat which atonce &eplat the
~effect of good and /baé wator on tho §041s and thus help
the afeption of sultable oropping ond irrigation pattorn,

e paper by Sclihu Khen (1074)%% attonpta o high.
1izht the relationship betveen tho progress of anall irvis.
gation and the expansion of cultivatoed aren. Ognale and
wells are fmportant Sources of ireigation in Haryana,

vboreas Gupta (1970)°° hos observed, nearly 33 par cent
" of the nst sown area Wes irrigated in 1088.67, Ruture
irrigation programes a3 porsusd by the state governzent,
vhen aoampletod, vill raise the syrigation potentssl of
Haryana, Uhereas, it is suggested in the paper of Cingh
(1077 that for a Fatiomel Dewslopuent of Irrigation,
4127 arent parte of the states should bHe troated separately,
keoping in vl their apecific probloms,

i

24, Q.K.&aﬂhu Khan (WM) gu.m titative W” of an
aamlrﬂaamml West Hengal', Jeozraniisal
’ d el DA Nk ”1&“’ m;@.
2 8 &Wﬁ (1070) » '%& ut‘ urwzm in
& 5. ZRO2R; ) oA 01,32 {1}§

’!!avﬂ.fl iy 03’ lniantum in Punjad

? 7{3-‘? ; LEIRS "',; - 2&_ I Y | m‘ m"

26, J,8tngh (10
ﬂu!‘lﬂa 193!3;& ¥
0%, 3,




OUne pertinent qusstion that nocds %o be 1ooked
into 1o vhether irrigation planning is orionted to tha
objostive of redusing inten.regionsl dlaparities and,
if 8o, to what extent, this wes nchieved, the paper by
Reo (1978)%7 18 to briefly Atsouss thie anpect, The
gsourcs.vwise growth of irrigation over the 12 yoars
(1560.01 to 1071.72), which 18 mainly bused on compownd
growth pates and linear rates of inorease was #lsousses
by Khare (1970)°8,

an efitad book in five volumes by Hoor Hohamad
(19807 45 ocompondiva of knovlefge in this all impor.
tant fleld and provides a veritable nine of Anformntion
regarding the concopts, theories, mofieis, the latest
techniques an? $ools, and infaot, everything tho geocgroe
pher anf resesrcher night esck to know osbout this fioléd
of study,

Thore 18 a toxt book on Bibar written by Ahmad
: (ms)m is the first work on tho geography of Bibhar,
The ook entitled 'Bihar! Aeals with physical baskground,

'_ﬁ.

e7. i’. V.G.0ao (1978) « *Intepr.distriot 'mr&aum m Irrde
ga :l.::n mmm in mdhps Praofesh’ ,
: huation ada, Octodar, vol.33, no,7,

8. H,P.Ehare (mm « *Opowth of Irelgation in Hsharssh.
trat, sxkhs noang, July, vol.21, ao.2,

29, Door mm (oﬁ. 1881), Eagspantivan do /Afeiculitoeal
Gongraphy, Concept ?ubliwﬂm a..

20, ©,chmed (1085) «_Bihar, Macshi University Prens, Danchi,
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aconony, population, ggﬂwﬂ:mﬂe onf the dotailed etuldy
of the reglons of Bihar, otnother bdotk on ﬁihar by Etagh
an® Eunar (1570) ™ coze 4n a otles fom dosling with o
goographicnl study of Lt tun type, It comdines the
ansets of the sty of o otate in nops end ai analysis
of stato.geography in 1ts varied spheres,

There vere no studies gelating irripation with pioe
in Dihar, m - approach and methodology of tho authors
1iated above utilised some oxtent, with suitable modifios.
tian fn the present “atudy, '

1.4 Hypothesis :
he present study has attenpted to exazine and test
the following hypothests 1
{a) Inorense in irrigated arss leuds to inoreanse in
the total oropped ares up:!!er vice, partioularly in
the daistriocts having low ferigsted area and in
plain rogions,

(b} uith nore developaent of Aprigation, particularly
canal irrigation, the ares under winter rico tend
to devroase,

o) Irrigation development oight have comparitively greo.
tor pooitive impnot on summer and gutumn orops in

3. &P 01ingh & a,Ruzar (1970) « Jonoaranh of Biby
Gharatd Bhavan, Patns ,




torms of aren onfl piold,

{#) Ia éistricts vhich haveo relastively hich percentage
of net irrigated ores erops other than fios oight
bs oultivated,

{e) Insrense in urxgaﬁaﬁ arsa would reduce the ysar ¢o
yoar flustuntion 4in the profuction and also rise the
gverall lovel of productivity.

{f) 3ources of irrigation affoot the yield rate,

1.8 ﬂm of Pata ¢+

The prosont study s mainly bdused on data pudlished
by 4ifferent government and quast.goverasent organisations,
{a)} nnmual Soescn and Orop Rapop, Dthar (1061.62 to
1972.78) - '
(b)) ogrioultursl situatiog in India {3070.73),
(o) Indton agrisculturcl Ctotistiss
{4) Hihar Statistical Band dook (1571)
(o) Goleote# Plan on Statistios, Joverament of Bihar {1976)
(f) Deport on grioultural cecsus, Bihar (1570.71)

(8) Report of Hational Comuission on 2griocuitural, Sihar,

{h) Climatogienl Tables of Oboervatories 1IN, Poocna,

~ Care bas been token to ensure the socuraoy, reliability
and honogeneity of the statisticsl information,
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1.6 Sourses of faps s
The following naops werc availadle end have deeon
used in this iavestigotions
(1) 1" « 16,78 Hiles (Militen Hap) Map of Dihar
Publishod by tho Suevey of India,
($1) 1 on © 28 Hilometres Uotional Atlas Hap, Caloutta
plato Ho. 33 (Fhysical) prepared unfer the direc.
tion of Ppof, 8,P,Chatterjec, Pudlished n Caloutta,

(318) 246,00,000 willion map of Slope & Dallsf,
| Oational astlss Hap, Caleutta,

(4v) 1 oo = 10 kilometres, o map prepared Hational
Conutssion on sgeicultuve 1978 entitied Dihars
Rafnfall pattern {Hintetry of 2griculture and
Irrigation, |

(¥) 1 om = 20 kilomstros Hap of Sofd types in Bihar
prepared by Souvenicr 1972, The Directorate of
fitee Dowvelopment, Sovornmont of Indds, Patna,

1.7 Mﬁﬂﬂ,ﬁf. Al

In the present stuly, dlatriet has Deen seleoted
a8 the unit analysis, although there are DL Afstricts in
Bihor at presont, tho existingz number of Alstpiots before
1972.73 vore soventoon, o only tho old goventean distpiats
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havo becn taken into asoount in ordop to avoid the
problan of spiitting fotn. Por a ocomparative study of
this kind it vas nob pusaible tO tinke o atndy of o now
Alatrict that hove coms into existenco, sluse no mu is
yot availoble for them,

Por the present stuldly twelve years datn have been
takon, vis; 1001.67 to 1972.73. In order to atﬁﬂy the
spntinl teuporal varistion of Aifferont erops of rice
(irrigated ond unirrigated) Oross and Het oropped sren,
Irrigated aroa (source.wise) Iield and produstion of
#Afforent crops of Pico the annusl coupound growth rate
per cont per annun ond linesr fate of incrossed in
hundrol hootare por m’ bas dDecn anloulated, Tho fAist.
riot.vise poresntage share of above wmentioned variahles
in the atate was slso caloulated,

A R —

* the em%auna grosth rates refleot the st h of any
movenent, the iinear rates of insrease which are in
getual (raebmr than perventaze) tersze, show us the
mpnut of sush a movensnt, froe fron the magnitude of

iven esories, Beaﬂ&a the 1tnoar pates are alfitive
are less sensitive ea terninal valves, In weitten
oxprossion, it takes the form a4

ro [{‘;ﬁ—iyt .1] z 100

where 3
r = annusl ocompound growth rate {percentags)
~ ,?& o variablecin tepminal year

¥, garinbles in s.m.m yoor
t = tine iatopvnd



Por the gorrelotion nobrix, atep.wine ¥ultiple
Regression of all the duta is given in porcomtage fors
{Geo appenfiics 4 to D), Thore s ome indepondent varine.
ble woter avalledbility index’ hos beon worked ous,

To analyse the impaet of irrigatSon on profustion
op riee, o nods) hos bean doveloped taling the producstion
of esch individual yoar (for each diatriet) to Sotal
average profusticn of the ddstrict (for the period of
12 yonrs), 4nd toking the maxinum mé stoimuw production
pabloy ronses are galenloted, Thus, on’ attenpt has bee n
sofe to establish tho flustuation n profuntion,

Hultiple regresaton’ = snd correlation oodels . have
Deen used widely in geographis researah,™® Otepwise is
AT R ; » : ST .
* foruuis for ca!.mum the water availadility infex 49

O
UL o * }ﬁ_m

vhore; e
T = 0 of area ierigated
?p ® Potential Evapotranapiration
%, = BEffective painfall
G324 = Urossc soun aren
4 In a written oxvression, it takms tks form ad o

‘2 2 ﬂ"al 511 % %33‘ "’B§ S, bxﬁ’ o, B 4e0 B

whm
¥ ¢ = aspenfent wariable
Ki S0 ii n infepdndent wvariables
o MQMW
sse Coprelsiicn coeffinient hins been mlnulata& ¢n tord
Pearson's formulas vhich is g&m in Ghapter V,

3. 3, P.Gugag (m'n) #sthod, Tultan Chond &
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o powerful variation of multiple rogression which provides
o noans of choosing infepondent voriables and providss
tha best predfction possible with the fawest indepenfent
variabdles, Thus, to analyse the fmpoot of irrigation
{4irforent ooupces Of irrigation), ratinfall ond water
ovadlability index on aves and yleld of Aiffarent orops
of rise {outumn, winter and amﬂ, the multiple step.
wise regeession tochnique has beon used in the present
stady, ]

Tho pesults of the analysis are represented with
appropriocte sartographiio toshniques and a produotion
model has beon Aeveloped,

1.8 ‘ﬂm F°m'=; of th ﬁgnﬂg ]

The present stuAy consists of a dstalled analysis
of secondary sourcos of data and available literatures,
The entire work has boan 44vided into six ohaptors for
the saks of convenienes. The Chapter Uns introfuccs the
subjocts, 1ts objectives, ovoreview of literattre, hypo.
thosis, Aata Dane, mothodelopgy oto. The Chapter Jenond
dpals with tho faotors deternining the rioce oultivation,
physlography, climatic conditions, aoils ets, prevail
in Dihar are desoribed in detsiled, The Chapter Third
gives o Aetailef description of Lrrigation . Lts iopor.
tonce, dovelopment, potentlality, sources of irrigation
and  1%8 growth, spatinl ond temporal variation of Lrrigae
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tion in the Btate of Bihar. ihile the Chaptey Vourth
d0als with Rieo « its place in agrioulturel seotor;

ites varieties geown in Dihar, its produstion and proot.
remont, ite growth and epatial wvariation ovor the poriod
under study ete, in Bihar ORate,

the Chopter Fifth analyses o vivid assount of Inter.
Pelationship betwees rice and irrigatica such s o growth
of irrigation and incrocse in the poreage of vice, growth
op irrigation and growth of rice in both aren as well as
in yield por hectare ioprovemnnts im irrigatiion, Deasures
and its impect on rice oultivation, rolationship with
woter avallobility index ond painfall eote. The Chapter
B1xth conslutes tho subject by piving some major findings
and sultablo sugpostions for further study,
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CEAPTIR » I

PACTURE POTYRMINING RICE CULTIVATION
I BIBAR

Rige 18 indegonous £0 tho humid arens of Croplosl
and subteropical rezions and ohows vory wide adaptodility to
#ifforont soil and elimntlo aonditions, Howover, most varice
tics groy best undor floodod conditions, in constal fowlands,
f1008 plains, and river doltas, Rieco 419 also grown owtonni.
voly in ploin regions with posurod irrigation fmuiuga ané
in terrocof fioldn in tho oountainous arons, whoro opring ond
cut channols provide gontinuous supply of vator ¢o tho filoldo,

dAlthough rico {5 growm iIn an’iéty of ooils, hoavier
clay vith 50.60 per ceut' fincr fraetions of oflt wund elay ore
pra?erreﬁ." In ordcr to rotoln vater in tho pafdy 4t 16 efsSone.
tial that an iopervious loyer of Pfino.tezturcd sofllecloy) exint
vithin two &0 five foot of the surface, According to Robertson'
(1275) rico will tolorato o wido ronze of sof) acidity fron
pH 4,6 to 8,7, best ylolds are obtalnod on ncuterol to slight
aoidio solls,

Boing o troplecl or sudtropical plant, rico ponerally
Foquires high Seoporatures above 20°0 but not above 35° ¢o
Qﬁ"'c. The optisun opponrs to bo noar m”ﬂ for tho fay maxisun

Y, G, U, i?obarfeem, {1975} » ‘Rico and Woather!
DISS V0, p.1

| 338.17318095412 |
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oné noar 20°C for tho night nintmus,®

The most inportant environnontal requircaont for the.
cultivation of rico is water, The optimum water requirenont
in Junt to cover tho £0il, 8inco rice can grov wall under
100908 conditions, tho water roquirement approsshes the
potentlal rate. Vvhen this waler requiroment is mot, rice
gon bo grovn under any ‘erpe of soil,

Solnr rafiotion 1o fmportont during the last 30 to
458 days of ripening perisd of poddy, If tho sunshino 4o
$nandoquate during this poriod, thoro is roduccd considorably,

These foctors as thoy provall in Bihar aro deozarided
in detnil in the guccooding paragtaphs,

2.1 Physiopraphis Conditions 3

'Lame arog of Bihar 48 plain, Tho river Ga,g:ga Aivides
tho platn into two halfe forth Bihar Plain ond South Bihar
Ploin to tho northwestorn part of tho Ganga Plain ocours
sanll fregment of tho Siwalik range of the Hinnlayan pledmount,
covering opproximatoly 940 9q, i, Chotamagpur platenu oeccur
in tho oouth of Bihar plains, The plain end ploteau are
further Aivided into nicro regions ore given in ﬂg.'z.s

P, Robartoon - Op, C1t., p.1l.

3, B.ohood, (19681) - *Hihor', Ranchi Univerolity Press,
Ranchd, p,311.
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Thus as regards physiography 8ihar s 4ivisidblo into
threo unogual parts, Theso aro

(1) Himplayan foot hilis
{14) Bthar Plain, and
{ 411) South Bihar Platecau

, font 1lills &+ Himalayan foot hills refion
oocours in the north vostorn part of Bihar in Chompoaran
Nistrict, Tho sltitude of this region varies from 500 to
1600 £t. Tho rogion consists of two A1ffaront ranges of hills .
and intervening valloys, oll parsllel to tho Sopal border in
o northevost to south.weot direction, It consists of rolo.

tivoly young Sefimaontary rockt of late Tertiary timea, Deing
young they are ille.compaataf and mim‘kwaﬁy soft, 9o that
under a troplead 'tmmm elinate they have becen bYroken fnto an
area of very . rugiad rolief cotaloting of.o.tnze Of ravines
and rmgea.* Rice 1o grown Sn the torrace? fiold of this
reglion, |

(11} QJonna Ploin 1+ The najor relief unit of Bihar 18 the
Ganga plain, which covers absut 72,800 8qe kna, or 42 por
cont of tho total area of Bihar, Thore are sone differonecs
in tho reliof fantures of Dorth Gango Plain end South Ganga
Plain,

4, B,ahmnd, (1861) - Op, O1t,, D317,
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(a) Hopth Gaman Ploin ¢ This reglion covors on aren of
about 55,080 8q, koo, And the optivmm conditions for the
cultivation of rico are prenent in the forth Gnnga Plafn vhoro
slluvial cones or fang oprosd and unite to form interfluves
of rivers that run froa tha Hinalaya to the plain,

The following Aisteiots, Saran, Champaran, Vusafforpur,
Tarbhanga, Schares, Purnos, north of Bhagalpur and north
Honghyr constitute the region, Hroafly opealing, the topogro.
phy of the Horth Bihar plsin conoisto of tho follcwing
featuroos o narroy taral balt in Chmaran, a oubatarag bolt
of narshy land in tho north vith intervening ¢racts of uplands
along rivers, o vwido bolt of marshy lovlands notubly doveld
of uplands, characterised by permanont foprossions and lakeo,

This lovliands of Bihar covors
ahout 33,6870 8g. ko, , 2nd aloo intersocted by otreaus and
marshes 18 subjestof €0 Lloods londing to tho Spread of
fertile ooil,

The lowlying tract holding wator scldom poguires on
ni8 of irrigation, Lo goarthen dons or bunds construetod
arounft pafdy plots ore tho dovices for rotatning water for

wintor rice,

| Yho Aiotriots of Potng, Goya, Shehadbad, Honghyr ond
“aenteal Bhagalpur constituto tho roglion, This roglion i _
roughly Aivisidblo into, e norror bolt of highlond along the
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Ganga and tho reot of tho platn, In the cosond part behind
tho Oanga loveoo 1c a trooleds lovelying rogion eallod *Tolt
iving in Patna Sistriet, As tho high Gangs lovoo iopedes the
entry lnw the Uanga, of tho stroams conming from the south,
theno otroams (Punpun, Phaolgu anéd Pnimar) fiow porallel to
theo gongo for several kilonetres, They combino o8 o vant
ohoot of £1006 water during reinn supplemented by tho spill
watar of tho Ganga itoelf and thus couso tha inundation of
tho 'Tal' vhich oork sn ol8 bod of the Zon,

(1i4) Sonth Bibny Plotesy ¢ Covering on aroa of about
79,478 8q, kos,, tho rogicn includes the districts of Plamau,
Banchi, Hosarsdagh, Ginghbhum ond Phendad, The rice lands
are ﬁvaﬂa&y terraocofl in south Bihar platesu and the upber
lanéd arec given to 'autm rice, the lower one being roserved
for winter rica,

The Dorth Koal, castarn part of tho !!.amﬂaﬁ the lover
Bubarnarsitha walloys in Bihor, nica ochiot poneplain, rotie.
enlating ﬁy&aianﬁa of B4inghthun, alteragting valleys or dons
anidst uplends over RaonchiHazaribagh plateaus are pood
5 non of the firat order 13 the beot paddy land,
oaccupying the primary valley botton, 4don of second order sots

rieco lanﬁa.

the paddy fields alonn tho natural siopes of rivers ané don
of third order consints of artificial terraces. The paddy

8, R,P.8ingh ond A Rusar (1970) - 'Honograph of Bihaw!
_ Bharat Bhavan, Patna, p.41.
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beoones asoarscor and guick naturing from vot don of tho
f£irst order to ortifioinl torrases whoro wator tables qui.
altly rotiro after rofny seoson,

2.2 MM'

Pig. 3 shous theo Aintribution of Aifforont typos of
soile in Bihar, It incorporatod some of the rosont studies
nofio by the Piractorato of Agrisultural Retoarch, Bihar,

Thero aro four najor 201l types in Dorth Ganga Plains

Picdmont Foreat Soil ¢ Thio type of soil found in the
Sumeshwar and ™un bille forost trast of Chompareon Afstrict,

The ool) hso boen derivof from the parent rooks of cond
otones, limestonc ote. Tho eoilg arg Ghollcy to pefiun Aeep
over bod rocks anﬂ pchblos, ‘Their sandy Soxnture chanzes to
loany sond, Tho Cofle vary in produotivity fronm nefius to
good,

(11) Zargl Said s+ It 10 diotridutod in o norrow belt
varying in width from 3 to 8 kilomotres aiong tho border of
Uopsl in tho morthern fringo of tho dlsteicts of Champoaran,
Huzaffarpur and Darbhangsa and north.oxdtern port of Purnea
fintrioct, The Torai solils arc honvy toxtured, Thoy show
soutral to noderately nciéic roncticn, tholr colour varying
froo groy to yellow, Tho low land of taral oolls are very
fortilo and produce bhaefdni ond aghang erops,



27

26
‘X.
‘,__53’.
N
iy
(I
|;‘
gt
l‘l
i }
)
lll
24]

@ o3 ALLUYIUM SO

[[[E PO - MLl @ALTHAR SOOI,

@ ERCAID SCARP LOIL

|‘ wlu-eww FOREST SO0 Y

Q TEQA) SO

E RED %C &

E Z ] FLOENT ALLUVIUM OR
vANGER

E:D REO MIC ACEOUS SOIL

B i
BAL SUKDRY

[ cen

* ¢, CALCARLOUS

: S ;,,_—:-:---:ﬂ- NS L
i “2{& ‘‘‘‘‘‘‘‘‘‘ b i
n. ' | _"\—; - \"_“:‘&:_,S":": PAT SOIL

E‘" SANDY S

[ I RAIMARAL TRAP £0IL
S
4 X

o 0 Eunuuc L =11

HETEROGINFOUS

o 0 b
000
,°,.0 s SOt
=100} cuavir son

l\; % upLano oreY reiiow san

MY
w
T g e




Borforing the Taral soil bolt stratehes the bBolt of
rmmﬁ auwmsx' soll, It hop mexinum extont in #mea ond
Saharsa but 1t has been rofucod to o narrow strip in tho
north.treatorn part of Champaoran 4istrict, Theo soil 16 nun.
ealearoous tnd non.online but thoe stipled part of this bols
18 young alluvium and tho rosining cnstorn broad belt is
rocont alluvium, Tho ool 40 of lov 0 nofiun productivity
vhore creals aro the primary arops,

{iv) Bajoundrt s It i'am:ia a distinet balé botween tho
Burhi Gan@nk and the westorn border of Bihor fn “aran ond
Chemparan, Thoy arc young alluviuss but Aiffer in toxture,
edlouryphysical nnéd chemical pvuperue_s from past €0 west,
Their fortility varies from nodiuz to hipgh,

Thoro ave throo major types of solls in the Oouth
Gonno Plaing

(1) Zed lnid ¢+ Tal sofls sro found in tho bookwotor
belt of the Gonga from Buxar in tho west to Palur in tho
ocst whore roin water Pemsins colicotod dn the Foiny sonson,
Their toxtures diffor fron moélum to hoavy, Thoy vary fros
loeny to Uaral cnd thoy are wvery fortile,.

(11) Q14 piluvd
Kewol posls of south Gango plotn, ihoy eccur £rom the westorn
border of Bihar mnd ostrotch Shroush Shehobod, Gaya, Honghyre,
Bhagalpup and Schedgend plains, 7Tho groy tinted ncutral to

1 ¢ It correspond to clay loem and
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£lightly alkalino 6oils vith mediun to heavy toxturo dovolop

vide ond fecp polygonel ¢racks and attoin medium produstivity
status,

(111) Jopt Hills Belthar S04l ¢ Foot hill dalthor )aeﬂ.
form o continuous narred bolt botvoen tho plain wnd the
finsested platoan fringe from the vestorn ond of Koinur
plotoau to the Hajochal hizhlands, Theo selle oro Qoop anAf
noidic, toxture 18 lizht, pour in fertility,

{ sv) aila ¢ 1t belongs ¢o North mnd South fGanga
Platns, Thoy are light in teoxture an? attain nodiunm high
fortility stotus,

Tho soils of Chotenagpur Highlonds 4iffor in thotr
physical, chanical and biological charsetoristics, They aros

(1) Erodod Searp 8So9ila s The oroded soorp ooils aro
found aill along ma' fissotted, Aosconding scorplonds at
various clevationo, The sotls aro very shallow cnd stony
vwith an avorage thiclkness of 3 to 39 inchoes, Thoy have poor
fortilsty, |

(11 BRod._.B01la s RoA soils arc common soils found all
ovei- tho granito ond gneissice plateau surfaccs of Chotanagpur
b.t their tozturo and eolour vary £rom tho enstern to the
ﬁesmm purts, The goils are 1ight ¢o nefiun in texturo and
oro rod to yellow ond light groy ia odlour, Tho fortility
vary fron upland to low.land,
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(111) Red Hicacoous Soils : Tho Mica.bolt around Eofarmg
in Hagaribagh and the country around Handu havo this type of
1ight pinkish soilo on uplands and light yollow to yollos
80ils in the lowlonds, &ollo arg loany canfl, sondy vith high
proportion of mica particles, | '

(iv) Bondy Soils ¢ Sandy 201lo are found in Dhenbad,
eastern Hazaribagh ond southern Santhal Parganes, Joils
vary froa rofdish yollow to greyish yellow $n colour, Thoy
are noferately deop eolls and tholr fertility level 18 theo
tame a8 tho major eatenary soils,

(v) 51 {53 : s+ Thoy have dovelopod on
‘Shales, 8ilts and low grade metamorphic rocks in Palgmau

aistrict, Tholr toxture i medium to hoavy cud thotir colour

varics from groy to yollowish groy onf fortile,

(vi) Rajmchnl Trop Gotls 3 The lava country of Rajmchal
it covorod with trap solls which arc dorived froo tho basalts,
Tholr oolour varics from OUlive grey to blaek, Those black
sodls ore rich in fm'ttuty. Theo yolliorish ref soils found
in this area are derived f£roo the granitoe rochs, |

(vii) Hatallio Sofls ¢ Tho cetalllo soils oro derived
fron rooks rich in iron contont. The 201ls aro shallow and
poor in profuctivity, Thoir colour variecs fron rod to yeliow
anfl Gork roddish brovn, Theso aro found in couth Singhbhun,
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Ratrono + Thedo coils are found in
tho contrel part of Cinghbhun distriet, Tho solle are hoavy
afmixturo of 4ifferont types of rooks, Tho rod and yollowish
soils ore found on tho uplanfs whorors blasck and dark groy

soile are found in lov land croaz, The fortility vortios
from uwpland to low land,

(%) Jdeaevnl Spils s Orovol 0oils aro found in tho tofa
tiory grovol belt east of Doldhungarh end oxtond to the
bordors of Yoot Bengal in tho onot and Boharaegora village
in tho south vhore alluviol plain bezins . Thoir solour
vorios from rod to yellow, Thop are lateritic coils and
their fertility is very poor,

(z) Pat Doiln : Tho vodtern higher platoou of Chotanage
pur is capped by loteritos which have dovoloped under hot
and hmai.d oonditions over tho beanlte, Tho typliecal réd colour
18 Auc to high sontent of iron oxides, The pat solls are
dovold of the plont constituents and hence are infertile,

2,3 Climntie Confitions

Rieo io grown under doop worn olinate, It 45 best
suitod to tho rogiong which hove hiph temporatures, high
humidity, prolonzed sunshine and on assurod sapply of water,
11t 10 genorally c3tinated that woother o8 o eingle footor
eould bo reaponsible for o5 nuch 29 80 por cent of variation



tn the yleld vhioh ocour £ron yesr to year®,®

£.8,1 lIemperatuse s |

The varieties of rice whioh are grown in Bihar reguirve
o Semperature range of 20 to 87°0 (88%7 to Wo°FH for the
op tioen .n,rweh,? 4nd in Bihar this range of temporature
oocurs o eight months {exeept Junuary.Pebruary ond Bovenber.
. Pesember), In the Toblewl normals of 8aily anzisus and sini.
mun ond daily mesn Gtemperature for four respresentative
observatory atations {two from the ploins and two from the
pintesu) affe given,

Potiy maximum tesperature is uaiformally highg throughe
out the year adbove the threshold walue of 20°C, while the
sinimun tenperaturs falls 4mm this value in four months (from
Hovember to februsry), This i3 the perivd when rise 8 not
generally grown in Dihaer,

2.5.,8 Cunshine 3

The effect of Sunshine 18 uost pronounced vhen weter,
tesperature snd Sntrogencus nutrients ave not limiting, Some
varieties are more respomsive to Oolar radiation than others,
Low texnerstures sacompanied by 1ight Sunshine are most

ORSTO S

8, chmt Ot m ﬂmm Connissdon on Agrisulture
5 gF! tury ¢ Part IV (1978), D.23, "ifaste

7 ‘Gice’ - ('19%) FAR, Hew Telhi, p.24,
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écodroblo stinco tho piponing poriod 18 prolosgod, rciulting
in a groonter pecwiulntion of total rafiation, '

Hostly roinefof rico is geoun Suring thoe roiny sonoon
- solar enorgy 1o froquently liniting Auo to highes neioneo
of clouds resulting in minimum yiclds, Only whero sfrigatien
in posoible enn rice bo planted at o dote which vill result
in  tho riponing period coineiding vith a period of high
globodl oolar radiotion durine tho dry soeson,

‘PaMy plmi i a lovor of the heat and noisturo ond
1t nostly grows furing Juno.July to Uovesheor.Decozber in
Biher, And 1f vo look at the tsble 2 vo find that tho all
cloud auount 16 very high Muring theso tonths in oll four
ropresentative ototions of Dihar, The July an€ August
cloud amount of oll tho otations {OGaya, Hotihori, Darbhanga,
and Chadbeos) 46 moro then 6,1, Even in “Yoptecbor and Oatobor
vhen riee orops are nore rosponsive to oolar radintion,
tho oloud amount 18 poro then 5.0 (in Septemder) in all the
four otations, B0, vo ¢om oaonelude that scolar onergy 1o
froguently 1imiting during tho poriod of optimum grovih of |
rico in Bihar, rosulting {n olatous yiolds of ﬂe_e. |

23,3 Hind
th 1ight vind o0 8aid to Lo doneficinl a5 4¢ stirc
tho oir and tranoports Co, to  the loof c:rzmpsr«"3 tharo oro

o

8, Robortson, Op, Cite, Pele
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Basod on obsarvation from mmm
Honths Ma tihart ‘ﬂarbhm chuhma
o gm ulnm!s} tm cl.m@) (a1l e.tmal) (m clmaa}

Jan, X 2,2 2.0 1.8 2,3
13 2,0 1.9 2,0 2,6
Pab, I 1.5 2,0 1.0 2.9
11 1.8 1.4 1.7 2,8
Har, i 1.8 3.8 1.5 23
. L?7 11 1.2 2.8
spre 1 1.0 1.8 1.0 2,7
Wore o 1.8 e 1.4 4.0
Ray % L6 L.? 2.8 3.6
1t 1.9 1.4 1.8 8,4
Jun, I 4.3 4.8 6.3 " 8,4
11 4,0 3.7 8.9 72
Jud., I 6.1 3,2 8,7 2.8
31 8,4 B4 5,3 7.5
fag, I 6,2 8.8 8,5 7,3
Pt 6ot 8.0 6.3 76
1 2,4 B3 8.4 6.8
Gov 15 8,7 a4 8.8 7.0
Cet, I 2,86 2,0 2.4 8
11 2,7 1.6 2.0 g
1 5 0.8 0.7 0.8
ves. I 1.1 1.1 1,0 1.7
21 1.3 0.9 1.0 2,0

| 3.8 2.4 8.8 4.8 _

2 Foum S BB A (otee of o
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s8¢ many fdemerits of stroag windn for me growth of rice
1.0, furing pollinaticn strong wind® may induco gstorlity
and inorcase tho number of ohortive endosperms, riponing
plants nay suffor soverc grain chattering, certain loef
emaesea nay '_tw oproad mora ropidly ote.

On tho vholo wind 1s sn unioportant faotor in rieo
profuot fon,

Tho major limiting faetor in growth end yleld of rico
ic rainfall, The oignal of rain is tho signal for paddy
cultivation, a8 the plant goroinates in nudéy vatery Clelds
and 18 transplanted unfer £looded conditiscns, Low.lying
tracts which hold wator till about Cotober npro admirsdly
suitable for 1te cultivation, HRico 19 gusteptible to the
vagories of tho nonsoon rainfall, Tho rainfall in the asto.
riso of adrn (mid Juneo) onf Hathin {early Qatober) are inovie
toble for its transplantation in propor period and for Aaves
lopnent of julce and life in tho paédy plant respwstively.
The failure of raoin in adra  donies tho peasants of o good
roturn vherons the failuro of Haothia rains neanz death to
tho plant, |

The total wvator roquirenionts for rico orop are thero.
foro gquite high throughout thoe growing scason ranging fronm
1,000 to 3,000 ma for wobl sSoason orops and from 700 to 250omm
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for fAry sosson crm mquiﬂng 120 éays from trmpz.antmg
to n&tnﬂey.g Tho offfctency of vWaoter udto in rice paddies
varies widoly from 30 por gent during tho Vot Scsdon to
70 por aont in well managzoed sys tems duping the 4ry sooson.

Hap Ho, 4 shows tho moan sanual 4istribution rainfall
in Bihar, Tho ennual total rainfall 18 1,000 mn to 1,500 mm
oxcept for a poeket nosr Patnn, which pgots olightly less than
1,000 o9 and in tho extromc south.vwest and northe.ozst, where
tho omounts exoeads 1,500 mn, |

The normal monthly and sanual ratafoll along with CV
ars shown in tho tablo 3, Plateau area 18 nore rainy then
the ploins, July anéd august have prasticslly the same avers.
gaes, CV 4in August £8 less than that of July for plateau but
prastisaily tho scmo for the plains, Hhon tho vhole sude
divinion ic considered the annual CV for platesu 48 only 1l per
cent shoving tho onall order of voriability,

Rainfall of JanuoryeFabruary is generally less ’than»
5 per cent of ammunl rainfail, DTuring March to Hay, rainfall
1o leos thon 8 per cent in tho western Alatricts of Pwﬁa ’
Gaya, Shohabdaf, Saran, Palamagu anfd western part of Hasaribagh
anfi 65 to 10 por cent in other arens, Juneg to Septamber aro
monthe of honviest rainfall ococounting for 80 to 85 per oont
of cnnual ranfall, Octobor-Tocember 18 8 to 10 per cont of
annunl averago, Horo, the main features of nonthly, seocsonal
and onmuol rainfnll aro considorod (fig.5).

9. Hﬁbeﬁ’tﬁm. Opu cltcp 9090
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Tatlo « 3 .
Hopmal Nonthly nnd Anmms) Rainfnll and Coaffioient of Varintion

| I, Vod, Tor, fNpPe Hay, Jun, Jul, Auz. Sop. Ost., Oow, Tos. Asnual

RGP, 2.1 321 2.0 1.9 Gl 19,6 358 30.4 21.8 8.3 1.6 0.5 1372
.0, 113 5 1B 083 6 4 25 18 o €3 168 @3 11

18 2.3 1.6 1.4 2.7 3143 98,1 25,8 159 60 1.2 0.9

. 7 1.4 2,0 1.1 1.6 48 17.2 31,1 31.4 22,5 S.9 0.9 0,4 120,93
C.V, 1008 9 120 103 65 © 97 26 35 01 198 24 0 14

B P, 1.2 1.7 09 1.3 40 143 25,0 28,1 18,7 49 0,7 0.3

2,7 = Oainfall ta on,
- L,V © Coofficicnt of vnriation () of Ratnfall
Sources Oat, Coon, oo Anrd., vol.IlX
Co
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JUne - 3apte:abo@ ¢ July roinfall in mast of tho southern
half of tho plaoins 12 leas than 30 en, and it rises to
40.50 on, south of Ronchi and in the north.ocsst. August
rainfall 18 sistlar with roduced srons of less than 30 om,
t0 o small belt to the north of Patsa and higher than Patno
40 o, in tho south.west and north.wos¢, HAainfall Ainini.
ches oignificantly in Scptember (2030 em.).

Ootober » Tosomber + Rainfall in October 45 5 to 10 oo,
oxcopting o 8mall area noar Patng, which gots lcos than
5 o Hovomber rainfall 15 lec3s than 1 om, in tho mrth«om
hOLE of tho platns and 1 £o 2,5 o3, clseshore, Reinfall in
December 18 negligible, Tho Bonsonal total rasnfall 1s
mogtly botwoon 8§ ¢o 10 om,

Rainfoll Patfern s The ational Commisngum on Agriculturel®
has i4entified on the basis of monthly rainfall sones in
Bthor, Lotter synbols are uﬁaf! to indicate tho ranges of
nonthly rainfall and tho sub.seripts to these rofer to the
nunber of months having those ranges of reinfall (£1g.6),

Cofla for Rataufall aata

Syabol : mmthlz rainfall in om, per mm’ch

N+ Groater th&n 20

B 20 - 30

¢ W - 20

D b« Y0

2 Losg 't;hm 5

10, pn_on L  (1973), *'Rainfall

¢4 ,;ui_ B3 .,m
Cropp Pab terns?, val.I I Bihar Government of
In&m ~ Ministry of agrlnultsxra o Irrigautm, H.Molbst, De2e
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The rainfall zones are shown in rig,5, The National
Commission on Agrioulture further adds that rainfall freater
than 30 on, per month for atleast tiree consecutive months
woul® be suitable for a cerop like paddy, where water need
is very high, This criteria 1s satisfied only in the Purnes
Aistrict, Hest of Bihar according to this report, 4o not
receive adequate rainfall for paddy cultivation, ﬁhwﬂr
necessiating the irrigation,

ifodels for filee fiel” on the dasis of veather:

Studies vers carried out in order to find out the
characteristics of rainfall patiern which have greater
influence on the paddy yleld,

The study by ™as an’ Hehara (1371) roveals that the
fainfall Auring the period 18 September to 15 Uetober is
highly benefioial for rice erop in these aress snd there is
an incresse of 10 to 28 1lbs mmmmmmm '
of rainy days during thawamamimatnwmwx
Absence of rain continuously for 10 days or more Wﬂ'
affeots the xum.n 4 long series of data M 1930 to
1066 vas used to establish regression equations for W
plateau an#d Bihar plain (Das and liehra 1971) (fig.7).

11, J.C,Pas & AK,Mehra (1971) - 'Porecasting the Yield
of Principal Crops in In?ia on the dDasis of Keather
Paddysfitee etic, Went Bengal & Bihar),? He
donog, Agrimet, No.,1, ﬂm;ZlK, xt”o”ag w m;ﬁ.
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Total six Aistricts viz, Hasaridagh, Ranchi, Palamau,
Mhanbad, Zinghbhum an? Santhal Parganas gonstitutes the
region Bthar Plateau, having the six shservatory stations,

And following four independent variables have been taken
into consideration 3

Xy = Rainfall Auring the period 13th to 23rd June
w& = HRainfall 4uring the period 5th to 15th July
ﬁ. = Ho, of oscasions of augqc in July sné sugust

ﬁa &mngagaﬁ.g%ggugvagaig
15th Getober, :

Aest all the 11 4istriets of north and south of the
Janga have been taken in Bthar plain aiu».iw being g § .
sentative stations, The independent variables are sane &8
for plateau, dut there is little #ifference in the period
t.e. |

i, = fainfall during the 1st to 21st June

Xy = Rainfall Auring the 7th to g..«é

%q4 and X, are same as for the Bihar plateau, 4nd

Xy in both case 1s the dependent variable yield
(eetd,), vheress ig is the technologiesl tremd,

R T R A g -
vithin a ¢ n periofd of 7 to :
has besn taken as S%gﬁaﬁgeiis
fummy figure 1, ‘
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Bafore running the rogrossion thoy have sstimated
the yiold and o comparinion of costimated and roported
yielAs of rico in Bihar plain and blamtm aro given in
fig. 7 which shows slnost egual relationship,

Hoan (748,5 for pl.ﬁtaau. anf® 230,72 for plain) nnd
standard Agviations (117,4 for plateau and 118,2 for plain)
are sane for both tho regressions, but C,¥, 18 high in
plain (18 per sont),

The ragroosion equat imtg

of Bihar platoau for all
tho aix indepondent variables are cignifieant ot 99 per cent
level of confidence, 4nd all in conbination explaoining 70 por
eont contribution in the variation of estimated ricc yield,

Hhereas in Dikar plein it 42 oxplatning 70.4 per cent contri.
13

’

bution, 4nd aggain in Bihar ploin tho rozeedsion equations

aro significant at 92 por ocent lovel of confidencae, Aue to the

12, Xl (Batd,) = 717,841.5,577 iy *+ 18.187 3'3 - 40,783 Xq +

(2.12) {2.39) (2,79)
18,812 K, + 12,003 &g
- (3, 37) { 4,08)
Ra = 0:709
13, X, (eotd,) = 504,064 - 8,748 X, + 12,187 4y -
{2.03) {2.17)
30,201 X, + 19,240 Xg « 20,574 X4
(2.61) (3.23) {4,78)

R? s 0,74



high Acgree of fracdonm,

Finally, Tas A Hehra (1871) have conclufed on the
basis of correlation coefficient resulte that indepenfent
varisble Xg (rainfall Auring 18 September to 15 Ootober) 1s
highly bonaficlal for rico orop, Anéd if ve 109k the table 1
(vhero the coofficiont of wvaeriation is gwm for Qihav plain
anf platoau} wo find that C,V, 18 very high in these two

nonths 4,0,
Jm August &@pteﬁber Oéeober
{a) Plateau 25 18 29 R3
{») Piain .27 "5 35 an

In comparision of July ané sugust tho coefficimt of
variatioa is very hish as voll 23 in June, This high vorio.
tion In roinfall st oritical stsgaes of orop grovth neeessitato

irrigation not for a succonofull orop but its moro survival,

2.4 The Importanco of Irrigotion for the Rioe Cultivation
in 3thar ' o |

f1ice attains an important place amongst tho crops of
the State in both acreages and production, I alone shares
52,2 per cont of total sown area of Dihar, But tho yleld of
rico 1s very low, It is bolow the all Infin level in many

° Jignificint at 0,01 per ceont level,
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narts of the 3tate., Thore appesrs to be very good scope

to improve tho yiem of rico with detter water management,

S8ince tho crop like rice roguires water mrwghnut
the yoar and the rain is uncertain, scasonal and irrigular,
1t 1o eszentisl to improve frrigational facilities in Biher,
If wo tako the highly irrigated fiotricts like Putna where
the rainfall A4istribution is not adeoquate for growing rice
but the erop is grown under fully J.tragaﬁad gonfitions and
the yiold 42 90 per cent of au Indis avwage.ymm. |

On tho othor hand if ve take the examplo of Purnea
Aistricet vhere tho rainfall 18 asdequato for groving a erop
Like rice but the irrization s available only 20 ner cent
of the total aren unfer rice, which resultant to the low
yield, It 18 only 45 per cont of all Indig averago yleld.
5o vherover assured water 18 available there the voriation
in tho yiold and production of rice will dbe low, an® the |
y4eld rate will bdo also hish.

Thus, vo have scen in above examples that tho most
common means of inereasing the yield anf production of riece
is irrigation, Tho technological inputs like fertilizer ote
can not put without water, Jo, tho irrigation frees the
rice cultivation from tho vagaries of rainfall end thoreby
increnses tho yield, It nlso helps %0 grow norp thaa one

-

arop of rico,
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2,6 Consluston »

Laviconsaental conditions are very favourable for the
aultivation of rice throughout Bihar, Hore than 50 par cent
of the Stote aren 1o highly profustive mzmtal platn, dntors.
persed vith nunercus rivers, fiven i’,h the platean level lanés
oosur, where rico 13 grovs extensively,. located in tropiesl
latitudos, doy temperatures are optinal for growth of rice
throughout the year, whilo night tezpersture in four momthe
fron Hovonber o Fobruary moy fall occasionnlly below the
optinol requirement, OGusshine may bde vanting sovetimes in
the moaths of July and sugwst, but plenty in the pest of the
‘your, aainfaﬂ 168 odequate intermd of quentity bLut unreliable
ia tirme, Osewrremss of odogquate painfall froz 18th t6 03rd
Sune, fron Gth to 15th July cnd from 10th Deptesbor to 16th
Ootobor §0 very orucial for optinal growth of paddy, Dut in
thaso periocds the mainfails fraquentiy, Irrigeaticn is, there.
fore, a must for sustaining, leave alono insreasing, the rilce
produstion,
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CHAPTER « I11
IRRIGATION IR BIHaR

Noxt to air, water 18 the most vitol for plent and
anima} 1ife, The eritical role of water for &nmn'a:lvo
agr icultural profuction hardly nocds to be epphosized, Irri.
gatim end drainngo are proecoses uhich aln at the nainte.
nanse of 504l mofisture within the rango roguired for opti.
mun plant grovwth, 1 There areo neny parts of the vorld vhera
tho moisture availablo in the 504l from rain, or frog undere
. ground vators, 15 not sufficlent for the roquiresent of pliant
1ife, oither all) tho time, or in a paortiocular erop soason
vhen 4t 8 nosassary to provide extro Wwater which enchlesg
tho soll to keep theo roguirof nmoisture for plant grovth,
Such artificial application of water to land for growing

orops or troes 18 called irrigatim.z

The largest use of water in the world is for irriga.
ting londs, cs en agricultural input, Spesially for tho

1. PAO/UNRSCO . 'Irrigation "rainage and Solinity' An
Intornationcl fHource Book, 1073, Hutchinsom, p.l.

2, C.Oopinath (1973) - Problens and soncopts in Irripation
Ung Jeninar on - 'Rolo of Irrigation in tho developzent
of Indiants Agriculture’, The Indien Scoloty of agri.
cultursl Economiocs, Bombay, p.6.
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produstion of foofgraina, Fo'r. the growth of plants, watar
nust bo asvniloble in tha-. appropriato quantitios an? nt tho
right tine, dopending o the apécms of plant and elimntie
confiitions, Crops like rico nood laraér quantitios then
tho erops liko vheat and other 'eamam. Even dry farming
tochnology doponfs upon the noisturo rotained in tho pofl
by conserviag tho geanty roinfall through the eonstrustion
of omall bunds, |

Agriculture 10 s ganblo in aoot parts of Bihar duo A

. to tho uncertainty of tho ralns, vhich gven in normal ticoes
is fnnBoquate,” Irrigation i, therofore, vital to stablise
agriculture and augment produstion for oll oross vhere the
rainfall 16 sossonal and irreguler,

Tho gtato neods irrigation, bBocausa tho painfall is
varying poriodfeal and irregulor, It 48 nlso not unifernmally
diotridutod, 4 lorge part of the North Ganga Plain recoives
greator roingoll them the South and tho overspill of rivers
aceomta' for the maintenaneo of molsture, Tho 4istricts of
S8aran ond Champaran arg comporatively dey, Rain 15 1038 oné
the rivers 'are cmbaniked vhich necesaitates frrigotion in these

arons,

The poin in tho western port of tho South Gunga 18
1088 ané varintion Lé also groater than in other parts of

3. D,4boaf, - 9&&%' University Press Ronchi 1981, p.91,
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flhar, Overspill of rivers 1o nominal ond theo drainage

{9 rapis, !rrigai&on thorefore attains importance ag the
sphere of sgriculture, Crops like rice and sugaréﬁne\reqnﬁna
vataer throughout tho yoor ané the rabi or winter rain io
variehble, The Zon canal syctem accounts for cannl irrigo.
tion in Shahabad and Wostern Gaya and Patnha, To meot the
fdoficioney of moisture Auring uarhythmioal  behaviour

of the monsoonn, indigenous systoms of irrigotion works iike
ohars, pynes, tanks, wollo are coxtensively prascticiced,

Highlands of Bihar aro also not immunc from the vario.
bility of theo monaoan; and honeo rivers on asaount of stoeop
gradient dratn off quickly, Contour irrigation and daaning
of snall streocm make up the water Aoficit Guo to vagories of
the nonsoons,

Ono of tho mont coamon means of inoroasing tho produce
tion or tho yiold, is irrigation, Irrigation frecs tho rico
cultivation from the vagaries of rainfall and thqreby inerate
ses the yleld, 1t aleo helps to grow nore than one crop of
rice. DBesifos dircetly affosting tho area and yleld, irrigsc.
tion nlso provides tho buse for putting ooro nofern inputs,
intercs of fertiligzer, high yiolding variety,
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3.2 Devolopment of Irrisation in Bihar,

Bihar is ondowed wvith good ynter rosourced and
aport from tho Ganga, it‘bas a nuzber of major rivers
flowing through it, among theso are the Rosi, tho Gendak,
the Ghaghra, tné Bon, the Paomodar and thg auharnaée&ha-

Turing the period of contro) by tho Esst India
Company, little vas done to improve frrigstion fectlities
fnspito of a number of famines., bhen India came under
British Crown in 1858 a soriey of terrible famines OCOUm
rrof, Tho attempt to curb tho hs.gh cns% of coabating such
Aionstors ied to tho ropld expansion of irrigaetion,

Thoere vore only four pre.infopanfende irrigation
Projoet vizg the Son river project, the Triboni eanal
projeet, the Thakn canal projoet and the Tour or Tirhut

canal pro.‘lezst.'

Work on tho Son canals commonsod only in 1889 and
vas compleoted in 1875 at a codt of ilo, 26,82 nillion to
benofit an aren of 347, 230 beototes in the Aistrist of
Patnay, Gaya end Shahabad.a Tho projoct comprised o velr
across tho Son at Dehri with o loft donk 206 o right bank
eanal, '

4, Reporg of tho Irrigction Comnission 1072, vol, II'
dinietry of Irrigation ond Povor, Hew Delhi, 9,57,
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To protect a precarious tract ia the Chawparen
Aistriot to the morth of the Omdak, the Tribeni econal
. was teken up i 1937, to bagin a8 o rellef vork, It was
conpletod in 1914 ot o oost of RS, 8,16 million and bene.
fitef 43,160 heotares, Originclly eonseived a3 o singlo
sannl, 93 lm, long taking off feom the Gandsk Just balow
the Doundary of India snd Nepal, Like the Triveni, the
' Dhaka cons) from the Lalbakeya eiver was olso taken up
in 1897 o8 & relief work to irrigate adout G,420 hestabes,
The Tour or Trihut canal was conetrusted in 1878 to irrigate
1,820 heatores, -

3:2,1 Pavelontoen

Ho significant aajor ztntgaﬁm vorke wore taken wm
2111 infspendense, Whatever tnoresse in irrigated ares vas
nainly fus to tubewell, Henoe at the time of independence
. bapely 0,2 million hectares of cultivated area Ve irrigated,
The insroase in irrigated area vas dus to tubevell irrige.
tion (18,03 par csnt) and irrigation frem othor sources (26,60
per cenit), On the other hond thore wus a narginal decresate
(=0,84 per sent in ares Srrigoted by canal and subsequently
deorense (.18,41 por aent) in the cnse of area Arrigated by
tanks,
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After Independonco, ambitious ventures, with tre-
mendsus irrigation potential have been takon up, like the
fzmm&ng up of the Kosi vhich hao been ocalled 'Bihar's
river of sorrow'y, and the conotruction of a barrage at
Valmikinagar on the Gandak ote, Miring the FPirat Five Yoar
Plon poriod, theo total area of Bihar was 182 lakh bectares
out of vhich tho not ares cultivated vas 90 lakh hectares,
Tho arca undor o8surced irrigsation before tho incoption of
the Pirst Plon was approximately 2 laikh hdotarcs, which
works gut to approxiastely 3,4 per cont of the total
eroppef?  areas @S compared to 5,8 percent for pll Part A States

and the All 1India averoge of 6,3 per cem:.5

Acourding to the original plan 2 lakh hottares were
oxpoctod to bo bBrought unsder n'ﬂéamm. Agninst this méans
of srrigation have beon provided over an adfitional area of
2,26 lokh heotares, besides about 0,416 lokh hectares brought
under irrigation by ocghenes out Gifde the plan, Tho Aovelope
ment of 1rrigation Cronm tudbowwolls and emergency river
punping schemes has beon rather slow in comparison with
earlier oxpectations, This 18 partly Aue to irrigation
achones being in the earlicr state of Aovelosaent, and partly
bgasuse of favourable rainfall, ©Un the other hand Auc to
dovastation causcd by repoatod and heavy floofis, demand for

Se leﬁmg Topartacmt « Report of First Plvo Year F’laﬁ,
1951. 65, Governmont of Bihar, Patng, pp.78e18,
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more safl moro £lood control me sures poursd in and av o
rogult, the activities of the dopartment had £o be acceleo.
ratod on flood control schomes,

In the Seoeond Plan ¢ gpeeisl 4rive was launchoed to
asoolorate the progress under ierigation, Turing thé Pirat
Plan net irrigatisn potential of 1,86 lakh hﬁ&tn&é@ vas
01':aa!’:ra@ through major and mofiun frrigation schemos, Out of
vhich 1,07 lakh hectares actually utilised tho avallablo
vater by 195558, Tho éeaand.?laa target vao {4) to create
e further potential of 3,45 lakh heotarss heotares through
tho major anéd mé@zum\zrrxgataﬁu\achemna {11) to bring 2. 45
lakh hectares {including 0,797 lokh hectares in respoct of
the umitilised potential of the First Plan) from the major and
nefiun irrigation schomes, On the completion and full develops.
uent the 1trigation gchenos of Scoonf Plan vwed donefitoed
about 4,01 1lakh hootares,

Thus, if we look at fig.8 showiloz Lthe trend of geoss
irrigated area (1940.41 to 1960.81), e can c¢onclude thaot
gross irrigsted aren over this 21 yoars aon incroasof mgrsa.
nplly, Bopinning of the First Plon (1950.51) has responded
norimus aren (2784 thousand heotares) under irrigation, nod
the lost yeor (1960.61) has shown inoreansning trend,
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32,2 Irrigation Tovelopuont 4n Bihar during the Study
Pariod 93 to 109%3)

Our otudy poriod begins ¥ith the Third Plon ond 4n
the Third Plan, thoro was o 4ofinito oshift nr‘cmpbaaib
tovards the najor irrigation ochenes, A8 a rosult, assured
trrigation facdlities havo boon citendod to on ad@itional
aros of sbout 2,42 lokh hootares, Tho irrigation potential
ereonted end utilised in major and moefium 1rrigation schenes,
By the ond of tho Third Plan 9,18 lakh heotores freipation
potentinl had bocn utiliscd. In the Annual Plon cophasis
¥as given to the oxcoution of modlun snd minoe irrigation
schenes, The total target during the Annual Plan was 4,50
lakh heotarse but the casured irrigation facilitien wore
ontended to an area of 2,50 lakh heotares only, Ané at the
ond of the Pourth Plan irrigation potential through major
and medium schonen was oroated in 16,73 lakh heotares, Tho
potontial, Bowever, was utilioced in 10,33 lakh hostares, The
Stote's Fourth Plan aaceﬁteﬁ the neod for providing irrigo.
tion foeilitics to a large areca,

To have o eloar grasp, it is aossontiol to analysne
G1IA, HIA and 4ifforont courccs of irrigation, Pig.0 chowp
tho Gross and lot irrigoted sourees of irrigation is based
on that, Groph 1s shoving tho clear picturo of tho bohaviour
of irrigation during tho study poriod, Thoro 10 a oloar.sut
tnerensing trond in Oross frrigste? aroa ond Hot irrtgated
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area, except the year 19646.67 beeause in this year thore
Yas a Sovere dArought in Bihar, The line of not 18#15ateﬁ
is following the oane trend, The gross irripgated aroa has
ﬂhawn,&he obanga of 832 thounand ﬁectares over tho period
1961.62 to 107%.73, whercao the KIA hes chown 334 thousand
hoctares, | |

Anong tho aouraes of irrig#tion eanal and woll and
tube.vell irrigation have shown continuously inereasing
trend, DBoth tho sourees of frrigetion (canal and vweoll and
tube woll) havo rogponfoed incroaoing trond cvon in tho
drought gear, and 1t obviocus beosusc thene ar¢e the only
sourcss vhieh oan bo utilisod during tho 4rought period,
Tank and othor sourees of irrigation have oshown decreasing
trond over this poriod,

The area irrigated by tank decroased By 1,13,000 hot.
tares and by othor sources by 7,53,000 heotares, Thus, it
is casential to oo the Alstridution ond Growth of irrige.
tion in tho éAistriets,

3.3 or Irris in
105152 to 197773 ¢

It 15 a gonerally accepted faot that tho benafits
of the ner agricultural strategy bdosed mainly on the High -
Y8cléing Yarieties and intonoivo use of fertilisers hava



not sproad evenly acrcss the 6auntry. ™is has even led

to widsning of gapd botwoem the rich and tho poor aroas,
3ince the now tochnolozy in agriculture reguires assuroed
irrization, it is safo to essume that a major part of State's
investnent in agriculturc has gono into developing thie
important rosource, Tho growth snd ut$lisstion of this
regsourco thus nesds to ho closely exominod, In this chaptoer
vwo will examine the growth of irrigated aroa, crovth in
Aifferont onurces of irrigation. The analysis 18 undertaken
'.rar individuanl Afstricts so that one can probe into tho
possible reasons for tha resultant Btate bohaviour,

Tho analynis 16 mainly based on the coapound Orowth
rates and linear rates of increase, caleulated dy rojredsion
nathod, khile the compound grouth rotes reflooct the strength
of any movosent, the linoar rates of increaso which are
in aoctusl (rathoer than percentage) terms, show u9 the impaoct
of such novaenent, froo fron tho nagnitudo of n given series,
Desifes, tho linecar rotes are aAitive (es ¥e shall ses later)
and oaro less sonsitive to torainal values, Indeocd, with the
Aqstriet a8 theo unit for analysis, for o given characteris.
tie vo ftet Alstrictvise sorics of different magnitudes and
if ono wero to rely only on tho oonpound grouth rates, Compa.
pison of auch gpovwth rates 1s likely to Yo nisleading, For
oxample, Ssharsa fistrict shows the highest compound grovwth
rato of R0 r}er' cont per annum for tho grose wﬁgama aroa
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and a linesr inerease of over 101,90 hundred hectares por .
anaus, On tho othor hand, .ﬂhnh-abaa Alstriot has a very
lov grovth rate of 2,9 per cent por snnun dbut hes the
highest linenr inecroavo por annum in the stato of 178,44
hunérod hectares. Purnca Aistrict has a share of less thah
4,0 por aent (in tho stato) while Shahabaﬁ ffatriet 18
25,48 per cent, Thus slthough the growth rate would be
relevant for a given Alatriet for the condsifaration of
the impact of that movement on the otate 28 a vhole tho
linosr rates aro highly useful, The #xta for the state

for the tuelve yoar pericd are presentsf? in teble 4 alonge
with infices, compound growth rates and linear rates of
inoreaso. Here one can Seco that tho eompound prowth rates
for tha aross and net gown aron (00A und U454} aro 0,28 anf
- 0.02 por cent per annum showiny amall Aecline or near
gtagnancey vhoreas aross irrigated aroa {514) and the net
irrigated area ([II5) show positivo growth rates of 9,8 ank
2,1 per c=nt par annum respaectively., Thus irrigate? area
shoys a ¢loar incrento a9 against small doclino {or stagnae
tion) in total aroa. The stagnation in tho not sown eres

{{iS84) inAtcaxtes that the frontieors of cultivation have nore
Or 1e38 yoon raached,
i?rom the lagt two columnc one oon Hoe that 83 to 28

por ccat of not sov¥n aron or 2 to 28 por cent of pgross

eroppof area 18 irrigated, Thoush, these pz;rcmmages are



Oroas c¢roppod araaﬁ Orsas irrigate® arca and thoir dreak.up

3 per omnum

ros9c Bha/aanm

into Dot for Bihar {1981.62 to 1972.73)
{ fin Hootaro)
Gracs ero. Hot soun  Jpods irri. Het irri. UX gﬂsg 6l g, oA
Toor ppafl area area gatod aron  gated (H (D
gma) {151) §AIN) 43 €3]
1961.682 11133212 2350111 2080225 1247857 23,28 19.63
110,00 100,00 100.00 100,00
1962.63 1108227 RA4LI617 220317 1984555 23. ™ 123,88
29,53 99.92 105.94 102,15
1983.G4 11043132 /543702 ne3429 1922307 73.33 20,15
93,24 102,35 107,62 102,81 -
1954.65 10831647 13544719 2207828 1980135 23.27 20.38
97.28 102.33 103.12 101.92
1935.53 10793933 8333337 2251119 19981281 23.88 20,92
26,85 293,88 198,21 102.50
1965387 9225080 7422333 2010431 16N783 21.55 21.79
82,35 83,88 93.64 §2.40
1237-53 10295574 2 e Lo arsd 2454344 201132 23,27 22.58
97,838 99,21 118,28 16,35 :
1258.82 10933164 8324745 253743y 2174011 76,11 24,50
03.2% 29,63 129,67 111.20
1962.70 11053347 2395504 2740251 2279018 7. 14 28,77
03,37 99,43 131. 75 17,31
197071 11025513 8434359 2732502 2331939 27.93 24,78
023.03 101.25 131.35 121,58
19772 10583321 [N273L52 27780633 2324030 28,20 25.00
95,95 09,11 134,02 122,72 | | |
107273 mMH3INTD fnas3tTn 238 MN2 2RTITT 28,720 23,53
93,25 943,43 133,10 117,25
Comnoun® pcwth rake o
w028 ) 02 2.8 2.1
Linany rato of 1nc.
mM. 7™ =153,15 827. %3 9,15

&F
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amaller than the all In*iaﬁ levél, but it ohows that state
is haviol a goo# irrigation fasilities,

3.3,1 Spetial Pistribution of Groso snd Het Irrisatoed
sreass lmportant Irrigated Reglons s

Before going into the graktb aspaat, let us oxanine
the ﬂi@trihﬂti&n of this lmportant resource of irrigation
over variocus #Aistriets and form important 1trigation regions
for a Astailed anclysis, In Tadle 6 percontage shares of
Asfforont Alstricts are presented for the first three yeours
_tagaﬁheﬁ anf the last tﬁree years togethar in state NIA
an@ 3IA, The irrigati’n proportion for indivifual Alstricts
1s also presanted for ths initial anh ond periods in the
same table, proportion beiny dasocd on  Pizteict Gtﬁ/ﬂxscrici
30A ratios, Jinllar fistriet Hiazdisteiet DGA ratios are
8160 prescntod but tho ratios 4o not ALlffer greatly from
tho gross level ratios and in any oase, the ranking of top

#tatrict foes not change,

It 1s alroady doon that the irrigzated arcaforms g
snall proportion of the state oroppod ares but from the
preaont table we furthor soe that {t is Alstridbutod pathor
ungovonly over tho Aifferent “istricts, Lodking at this
tablo 5 an? £ig,10, one can form throc important irrigated

rezions, viz

® At the all Infia level thzs percentage for 1970.71 is
as hl?h a8 3‘?--'800
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Percont ﬂg@ sharcs of difforont Alstricts in ths Stato Mot
1&1? aveg {NI4) Stato Gposs Irrigatod Aroa mm}
Avorane of first 3 yoars & last 3 yoars)

.-

Pist 01y 1182 a8 mgt.ﬁiﬁ[&tateM& P1st, a14/8tate axa Tist.Hla/Mst,0Ia
19:31'3 1971's  1961's 1971’s 7 1061°s 319?1'8 13d1's 1971's

patna 44,93  S1.67 13,26 10,85 12,93 1118 63,92  84.47

Gayn 54.52 61,93 25.4868 21.3 27.70 20,15 T4:33 77,07
Bhahaba# 4&.?5 62,68 22,78 23.17 . 26,16 25,48 858,05 72,28

23,51 4. 55 6,98 4,80 5,84 17.94 .62

23.78 5,23 .61 5.64 7.60 13.84 22,90

% 0;95 ‘ lw ?8 1063 2‘6? ' 3¢ 19 ?o <0

: s.m- 0.48 2.3 0,562 2.84 1.83 10.31

32,25 5,77 4.5% 3,34 5.37 33.63 33,42

18,53 0.03 2. 55 - 0,03 3.1 0,28 12,78

0,36 217 2.23 - },2D 2,10 16,11 .98

5,85 1.05 0.87 - 1.68 0.83 5. 45 6.08

3,82 0.60 1.03 0.86 0,93 1.77 3,36

21.12 2.48 2.97 3.82 2,61 21.82 24.59

3.19 0. 32 0.10 0.33 0.10 8.88 3,04

sl ‘& 1020 ow ’B.Qﬂ O ?‘23 ?0%

(A
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Region I . Highly Aeveloped region « having more
than 40 ser cent of gross sown ares
irrigated considoring the initial
period sharo,

feglon Il . ioAerately developod region . having
morg than 20 per ¢ont of gross sown
area irrigated,

Region IX1X. Least doveloped region - having below
20 per cent of gross sown ares irrt.
gatef,

If ve look at the map we f£ind threo Alstricts, Patna,
Gaya an? Shahabaf {(which 48 in South Bihar Plain) 1o hiphly
favoloped reglion having more than 40 por cont gross trrigoted
area in initial period and more than 59 por sent in laot
poriof, This we Aenote a8 Region I, Furthor the five
A4stricts comprising the Saran, Champaraf, Hoashgr, Bhazalpur
and Palonou ore sharing about nore then 15 por cont ferijated
aroa of their Jross aroppofl area, and more thon 4 per cont
chare in 3tate lipt $rrifated arca this is Reoglon IX, Uoxt
in importones are nineg, Aistricts of Hugaffarpur, Darbhanga,
Soharea, Purnea, Santhalpurs, Hagaribagh, Hanchi, "hanbad
and Sinshbhum vhich 16 bavﬁg lcss than 10 por cent irrigated
aroas and less then 4 per cont in State share i not irrignted
area, Thio wo denote as Hogion 11i,

Thouagh, the percontago of gross irrigated to state
gross irrigated arem has decreascd from first throo yoors to
last but tho Afstricts which 15 in Region I {threo 4istriets
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only) have ragisterod inercase in the distriects pgross
irrigated area, Howover, this incresse 18 also narginal,
fue to which Regiem I hpo onmperienced loss in the stato

sharo,

Thus, having exaninoed thic table 5 we have come ¢to
th;e conclusion that in all reopoet these threo @istriects
Patna, Goya and Shahabad 48 nost 6@?@1@@& region intermo
of irrigation facilitics, |

Irrigation in the distriete shovs wide variation, _
In the platosu @lstricts except for Palomau, oroa irrigated

18 1ess than 10 per cont of not sown arona,

A view of Tablo 6 and Hop 11 gives a very ¢lear picture
of the dlstrict.vise conpound growth rates omé lineor roted
of incroasto in irrigated 'area for ocach individunl Aistricta,
For tho consideration of the distridution of increcse, linear
rates of incrasse ars useful, Orowth in Dot irrigotod aren
ond groos irrigatod aroa is proasentof in this tablo, At the
state lovol, tho grosth rates for not irrigated aroa ond
gross irrigatod aroa are 2.1 anéd 2,8 por Gont por CANUM FESPOCe
tlvelyv while tho linoar rates of lncrenso ore 429,156 hunéroed
hoctarcs (Hho) ané 637,43 respectivoly. Botwocn the districts
Bhahoroa hno hishest pgrovth rotes for both not irrigoted area
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«9,87

-l 42

- 3,28

Compound grwth rates’ ond Linear rotes of inerease

{Fha/ennum) ** of the :.rmgama area (1961 to 1973)

. 53 I 4 a I A

Patriste ¢ ouna Z-mar Compound iinear

gr%th »mtna of grweh ratm ot
— rates ___ increase — gns
Patna, 0. 30 10,47 0,10 29,76
daya 0.58 23,00 3,60 75,91
Ghahabad 1.68 83,61 - 2,90 178,44
Baran 8,70 84,73 2,40 43,88
Champaran 8,20 81.3% 7. 40 110,04
Mapaffarpur 2,40 24,28 11,90 37,84
Qﬁﬁm& 28,80 101,98 28, 90 .62
Honghyr ' «0:71 - 8,80 0,44 - 8,038
Bhagalpur 2,00 17,39 1.80 17.01
Gaharsa 64,40 63,80 70,00 101,60
Purnea 58,80 ‘m. 86,00 117,28
Bihar Plate
- Banthal | - ‘ ,
Rogaridagh c.m 0.92 1,96 T2.43
Ranchi 8.60 14. 458 6,10 15,82
Palaman «Be12 - 1,08 0,58 - 4,584
Manbad =3, « 1,7 «10,44 - 5,58
=00, 22

Binghbhun

s & per annum

—

X4 = llet Irrigated Arvea
314 = Gross irrigoted Arves

s& RHundro@ hectare/annum
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and gross 4rrigated ares but in linear terms, 4t ranks

ouch lover (6th for HIA) and thus 4n terms of %npact!? m )
tho state it/ not significant, OSame i8 the case with Purnea
odistrict. High compound a8 voll as linear aro noticeadble for
the three distriets, Darbhenga (28,50 and 101.93), Saran
(6.70 anf@ 84,73) and Champsran (6.20 and 81,31), In fact:'

in torms of linear increase theso arc mainly tho top three

a:.striéta for both net and gross irrigated aven,

The Aistricts of Patna and OGnya which cover more then
33,11 per cent of net irrigatod area in the poriod 1981.63
‘{table 5) are having almost all stognant in net and gross
irrigatod area, In fact these grovth rates in net and pross
Arripgated aroa are much lower than the overall state rate of
2,8 porcent, Tho districts of longhyr ( -0.71 & «8,80),
Palamoy ( «0.12 & «1,08), Thandnd ( .3,49 & .1,.79) and Singhe
bhum { 9,87 & «90,22) are having nezative growth rates ‘as well
a8 netative linear rato in net irrigotod area and same in the
gross irrigated areas, Out of 17 &istricts 13 distriets aro
having positive growth as well as positive linoar rates in
both not aond gross irrigatod area,

Oneo vonfors wvhether the growth of irrigation faocility
is tovards its more oguitable distribution in Bihar and 1is
of the order suzzested by this rofuced share for Rogion III,
But thic aspect noeds to be exanined in relation to the
growth of 'means of irrigation’ which we will consider sudse.

guontly.
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3.4 Sourcewvise Irrigation

Before proceeding further ve will oonsider tho por.
contago sharo of each sources of irrigation at sfate lovol,

The net irrigated area in the state in 1972.73 vag
2.3 million hectare which accounts for 27 per cent of not
so¥n area, Hearly 3% por cent of the areas are irrigated -
by canals followed by tubevells (13 per cont) and tanks
(8 per cent), 70 per cent of tho frrigation in Shcohadad vas
by eanals, Champaran, longhyr, Banchi and Singhdhum have
45 per cont area irrigated by canals, 75 per cont of the
areoa irrigated in Santhal Parganas 1o by tanks, As for as
voll irrigation is concerned, Patna has 30 per cont and 4n
Danbhenga and Palaﬁau 26 por cent arogs i1s irrigated by tudo.
vells (fig, 12 & 13).

Table 7 (Mop 12 & 13) comprises percentage of net nroa
irrigatod by different sources of irripation for the initial
and the end period,alongu.ith the ainilar perceontago for tho
state, PFPor tho state ns a whole it can Yo seen that over
39 per cont of noct irrigated area 18 coverod by cannl irrigo.
tion (in the initinl period) 29 por cent by canals, 16,53 per
cont by tanks, 15,50 per cent by wolls 'ma Tudbavells,

Anong the districts Champaran ond Shahabad are having
moro thon 60 per cent canal irrigation, Darbthanga, Banthal
Pargonas, Thandad and Singhbhum are having more than 50 per
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Table . 7

Perosntage of Aifferent sources of irrigation to net
irrigsted area (1961°'s & 1971°s)

Pistriots — w—
Initial End Initial End Initial =nd
period period period period period  period
Sihax Plain
Patns 19,00 22,95 11,86 1.08 29.27 42,07

19,18 92,8 855 2,35 9.8 1463

»
&
3
23
»
b4
3
:
e
3

Champaren a 033 123 2,30 467 a4
 Hagafferpur &ﬂ ‘::“ 13,93 7.33 .78 gtﬁ

Parthanga .25 13,14 $2.88 18,10 25,61 ®e.n
) f 7.7M g:ﬁt 9.90 3.08 8.78 29,75
Bhagalpur 10,28 29.88 6,90 8,04 7.02 9.12
Ssharsa - 74811 18.98 0.94 0,22 10.33
- 71.57 3,95 0.35 7. 44 19.24
10.45 75.04 51,80 8,685 7.63 17.01 28,30
2.28 4491 18.71 33.7 71.31 20,35 7.70
32,63 10. 42 3,48 41.83 29,58 40,77 34,30
8,77 8,38 15,04 412 16,08 81.74 63,09
57.%% 56,80 19,86 20.43 17.09 18,56
", 52,82 33,58 5. 40 2.1 15.19
o |

o

&
:
8
g
¥
8
3
3
¢
3
3
3
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cent tank irrigated area, Only Saran district is having
more than 80 per cent well and Tube.wells irrigated area

and rest are Muzaffarpur, Saharsa and Ranchi Aistricts having
more than 40 per cent, In other sources of irrigation Gaya,
Bhazalpur and Purnea are having more than 60 per ecent irri.
gated area,

4ap 13 are pertaining to the same 4ata (which is in
Table 7) inferring the total irrigated area and their break.
up according to sources of irrigation and share of sach
distriet in the state, uhile looking at the maps one can |
visualise that districts of Ihahabad and Gaya share more than .
15 per cent in the state tatal in both the period fmum
and end), Next to these distriets there 18 only one district
Patna comes in second eategory (11 to 16 per cent)., In the
third category Saran, Champaran and Monghyr (5 to 10 per cent)
stands, rest 11 districts. are in fourth (below 5 per gent),
About the sources of irrigation we have already discussed
above, |

The proportionate eoireles of the maps represent the
net irrigated area of the districts in thousand hectares,

Table.8 shows the auwmxm «mwmm of compound
grovth rates and linear rates of increase in net mmww
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Table . 8

Compound growth rates an? linear rates of marmm

irrigated by 2ifferent sources of irrigation (1961.62 to mm

Wells & Tube.wells mm

35,82 2,21 -23.43
22,50 .41 -36.9
T1.87 <7.13 8.9
82,73 1.7 1.8
@3 2.3 0.8
22.71 7.8 2,2
25.82 1.8 15,67
28,87 <5.96 30.21

2.41 -5.23 34,90

6,87 33,0 3.9
13.77  19.7 5.00
-3 561 9.2
7.68 2,13 2,40
2.8 4.6 4.10
9.3 -3.71 -18.54
=0.09 1.9 0.04
-0.67 2.2 .0.38
326,50 .2.21 -161.%9

<o
<D
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‘per annum by Aifferent sources of irrigation, Turing the
period under study, there exists a definite trend of posi.
tive growth of HIA under canals, wells and Tubewells irri.
gation in both the terms of compound and linear rates of
increase, For example, at state level, the growth rates

for canal irrigation 1s 4,8 per cent bringing 325,682 hundred
hectares of land per annum under irrigation, Similarly, the
grovth rates of wells and Pube.wells irrigated aress are

7.8 per cent which brings 326,5 hundred hectares of Nla
under this type of irrigation in each year, Un the other
hand NIA under Tanks and other sources of irrigation exhibit
a negative trend, such as 35,72 and .2,21 Wm% of
growth rate and a loss of 110,62 and 101,89 hundred heotares
of NIA respectively, ost of the districts of Bihar follows.
the same trend as it is established at state level. The
only exception is found in Hazaribagh in the csse of canal
irrigation and in the district of Santhal Parganas, Phambad
and Singhbhum in the case of vells and WM ~msmmm.*
The Aistricts of Darbhangs, Ssharsa and Purnea 4o not follow
the established trend at all as they exhibit positive growth
in all the sources of irrigaticn, |

4s mentioned esrlier there has deen a mﬁﬂn wm
in canal irrigation mmm distriets of Bihar, but a
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regional varintion is found in tho prowth rates and linear
rates of inerosso o8 discussed belows

(1) Regions of high growth ratea:. There are three
aistinet regions of high grovwth rate i,e, moro than 13.5 per
cent, Tha first rezion i formed in Hopthern Bihar (Kosi
Plain} comprising the Aistricts of Darbhangn, Szharsa and
Purnea, The later tﬁé fistricts shoy o vory hiph growth
rates as 225,0 and 262.4 per cont rovpectively., The second
rogion of high grovth rate is found in Southern Bihar compri.
sing'tha‘étaﬁriats of Thanbad and Santhal Pargenas, The third.
region constitutes of Saran plain between Gandek and Ghaghra

rivers,

{11) Regions of HMedium Growth rate (3.5 -« 13,5) 1 Tho
region of high growth raies are followed by the reglon of
medium growth on their flankn, such as Champarsn and Hueaffors
pur lie9 1in detween Lastern GanBak and Ghaoghra plain ond
western Kosi plain, Another region of nodiunm growth is formed
in Southern Bihar constituting tho districts of Ranchi ond
Singhbhum, DBhagalpur lics on the Southern and Uestorn flanks
of the region of high growth (Boe Hap 11 ),

{111) Regions of low growth belor 3,5 per cont : Conprises
the uplands of Southern Bihar ond Southorn part of Ganga plain
comprisifiz the districts of Shahadad, Patna, Gays, lionghyr,
Palanau, ond Hagaribagh, The later distriet shove o negotive
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rate of growth,

In the case nf‘linear rates of incroasae por annum
undeyr canai irrigation, tho districts of Hueaffarpur ond
Hazaribagh oxhibit a decrease of 124 and 6 hootarcs of
land, Other districts shoy increassing trends, The rogion
of high rate of linear inecroase ig formed on doth narthein
ané sides of the river Ganges coaprising the Adistricts of
Shahabad, Champaran, Bhagalpur, Ssharsa and Purnca. Anong
these only Szharsa and Purnes maintain their rank in doth
the compound anéd linear rates, The region formed with lov
grovth rate oxhibit a rogion of mediiuxn rate of linear increase
excluding Shahabad and ineluding Darbhanga, The rogicn‘uf
lower rate of linear incrcase comprines tho districts of
Saran, Hugaffarpur in Uorthern Bihar and tonghyr, Hazaridegh,
Palapau and Thanbad in Southern Bzhar.

3.4.1.2 Tank Irrigation 3

Out of 17 Aistricts only 7 districts shows a positive
rate of compound growth and 6 districts in linoar rates of
increase, !Most of the éistricts oxhibit o negotive trend
in both eonpound and linear rato,

A rogion of high growth ratce above 5 per cent tank
irrigation 49 found in Kos4 plains comprising tho 4istricts
Darbhanga, Saharsa, and Purnea, Another region of high
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grouth 18 found in north.uestern patches in the diptrmw
of Pafna, Champaren and Palamau,

A region of medium compound growth rato in the range
of 1.5 per cent is found in the plains of threo rivers Son,
Ganga and Gandnk vhich comprises the districts of Shahabdbad,
Saren and Mugaffarpur, Another roglon of medium rate of
grovth 18 found in South Bihar in the districts of Hagzaribagh,
Honehy{ and Bhagalpur,

The region of loy compounf growth below o5 per cent
comprises the fdistricts of Southern Bihar such as Gaya,
Huzaffarpur, Santhal Parganss and Singhbhum,

The linear rate of incrcase in terms of hundrod hootoe.
res per annum forms tvo distinct region of modiun and low
rato of incrgasa. Palamau 18 tho only exception which shares
aﬁ incroase of 8,57 hectares of land und«Tank irrigation,

In tho cotegory of mediun increase 8Beharsa and Purnen forn

- one region of poaitive incroase of 58 and 26 hoctarces of

land unéd-tank irrigation, Champaran 18 snother oxsception

to note vhero thore 15 an incresse of 335 hectares of land
unf«tank irrigation, Other &iotriets like Saran, Mugaffarpur
and Darbhangs in medium region shod a loss of 180,48 and 209
heotares of land respectivoly from the tank irrigation, Ranchi
in South Bihar showsg minop gain of 13 hectarcs under irrifo.

tion,
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The rogion of lov rate of incroase mostly constitute
the Aistricts showing a loss of more thun 500 hectares and
- tank irrigation such a9 Patna, Jaya, Shahabad and Monghyr
of the South Ganga Plains an? Singhbhum of the hith lands
of Bihar forms one distinet region of negetive rate of
iinear Aincraase per annum,

3.4.2,3 lell and Tubewell Irrigation i

Wells and Tube ¥Wells irrigation shows g positive rate
of grosth and linoar incrcase in nost of the Aistricts of
Bihar, A reglon of high growth rate moro than 15 per cent
is found in the districts of Champaran, Dardhanga, Saharsa
and Purnea of Horth Bihar gnd Palanmau of Southorn Bihar, The
districts of Shaohabad, Saren, Huzaffarpur, lHonghyr on both
sifes of Ganga form a rogion of medium growth rate &n the
range of 5 to 15 per cent of NIA under wells and Tube wells
{rrigation, Anothor patch Of moAlum grosth is found in South
Bihar in éAistricts of Hazaribagh, Patna, Qaya, Bhagalpur,
S8anthal Parganas and Thanbaé, Ranchi in south Bihar form
three distincet regioms of low grovth rates below 5 per ceont,
tlhheress Santhal Parganas and Thanbad show negative rato of
growth,

Land undor wells and tube.wells irrigation show a high
linear increase Of acrengo in the districts of Patna, Gaya,
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S5hohabad, Jaran, Champaran, Muasffarpur, Parbbanga and
Honghyr wvhich form a region vhere more than 2,000 hectares
of HIA have boen increasod In gach Aistrict per onnug,
Beharsa and Purnes of Hopthern Bihar and Hagaribagh and
Palamau of Southern Bihar form a rogion of modium linear
increase where 500 £0 1500 hectares have incroased per annum
under wells and Tubewells irrigation, On the other hand
Bhagalpur, Santhal Parganas, Thanbad, Ranchi and Singhbhum
forn a rogion on the egastern flanks of Bihar which shbw a
lo¥ rato of lincar increase bolow 500 hoctares of FIA under
thié irrigation, Ranchi and Singhbhum show a negative rato

of linear incroase,

3.4,2.4 Othor Sourcos s

Evorywhero in tho districts tho grovth pate of NIA
a.ntﬁ other gources is lovor than the woll knowm sourcoes of
irrigation, The only oxception is found in Saron where
compound growth rate of NIA unfor othor sourees 48 grooter
than that of the Tanhko, Uells end Tubewolls irrigation,
Both compound grovth and lineor rate of ineroase are hish
in tho Afistricts of Saxan, Nardhanga and Purnes where cod.
pound grovth rote of NIA 18 more than 5 per cent ond linear
roto o0f incroaso is more than 500 hectares., OGinilarly, the
districte of Shohabod, Bhagalpur, Honghyr and Ganthal Parganas
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form a rogion of lov growth below 5 per cent of grovth rates;
and a loss of more than 500 hepctares of HNIA per annum under
this irrigation,

3,5 Irriﬁat ion Developmént. aftor 1973 ¢

Before commencement of the Pive Yenr Pl,n irrigation
potential for 4,04 lakh hectares had been ereated through
major and medium irrigation schemes, Turing the plen poriod
adéditional potential for 18.98 lakh heotares was created upto
the end of the f€ifth plan, 1.e, 1977.78, Thus the total
potontial up to the ond of tho Fifth Plan was for 23,02 lakh
hoctares, vhich vorked out to 20 per cent of the ¢total |
cultivable area of the state (as against 37,7 per coat for
tho country as vhole), In 1978.79, adfitional potential for
0.77 lakh hectares was croated and in 197980 for 0.73 lakh
hectares., Thus, upto 197980, irrigation potenfial for 24,52
lakh hoctares vas creatod which workod out to 21,32 por cont
only of the total cultivoble area of the state,

Cumulative area of utilisation of irrigation poten.
tial alroady croatod at the ond of the Fifth Plan, was 15,55
lakh hectares vhich vorke@ to utilisation of about 87,5 per
cent of the potential of the 23,02 lakh Boctares,

turing 1078.70 and 1979.80, 0.856 and 0,80 laith hootae
" pos respectively of adfitional land vore brought under utili.
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sation, Thus et the end of 1973.80, the utilisstion was
of 17,20 lakh hoctates which accounted for 70.15 per cent
of the total potential of 24,52 lekh hectares,

Following are the main objoectives of this plan @

{a) to croate 11.80 lakh hectares of adéitional irrigeo.
tion potential, theroby incresse the total cultivated aren
of the stateg and

(b) to bring under utilisation adfitional 9,00 lakh hocta.
res of land, making the total utilisation of 25,20 lakh
hoctares and‘tﬁking the percentage of utilisation to 72,54
(of the total potential of 36,12 lakh hectares to hs croated).
The strategy would be to completo expeditiocusly the ongoing
schemes, maximise utilisation of the potential alroandy
createfl and endecavour specially provide adequate irrigntion
facilities to Arought prone and tribal sub.plan areas,

3,6 Projection for Future Dovelopment of Irrigation
Potontial :

Although Bihar has made rapid progress in the dovelop.

- mont of irrigntion potentiazl for increased ggricultural produc.
tion, the continued shortage of food, frequent Arought condi.

‘tions, the rapid grovth of populetion and incronscd standard
'of 1iving have mado it necessary to increase tho irripation
potential to the maximunm possible extent, '
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There are good sites for the location of Storage
rosorvoirs in most of the river basine and 1nve§tiééiiﬁns
are no¥ being carried osut to select the most favourable
sites for dams, The State Government's plans comprise of @
{1) construetion of a network of small storage reservoirs
on the tributaries of the nain rivers to irrigate cowmands,
Theae vill_a&so bo helpful in controlling floods; ,(1&} the
construction of a large number of nev tonks and the doopening
of existing tanks, It is also proposed to renovate 4 thousand
private tenks and 2 thousand Government tanks; .(111) the
construction of large diametor ( 8 to 10 m,) vells in tho
Ton river landsg - (4iv) pumping the sub.surface flovs of
river-bods through 3 m, long horizontal strainersy (v) the
construction of storaso doms with pick.up wiers for irrige.
ting the valley; (vi) the construction of modium ané minor

irrigation works,

In the Santhal Parganns, the Gumani and theo Ajay
rivors hnée not been tapped, On both ther - rivers, good
storage resorvoir sites have becn located, Larce reservoir
have baen proposed on the South Kool and the Sankh rivers
for hyéro.porer generation, It may bo recommendod that the
possibility of irripation anfd tho davelopment of fisheries
from these roseorvoirs should be investigatod,

Tho State Irrigation Commigsion has estimated that with

the proper utilisation of surface water resourcos, Bihar has
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an affitional potentizl irrigation capacity of 5,8 million
hetctare Aistriduted as tallausss

North Bthar 3.1 nillion hectares
South Bthar 1.7 million hectares
Chotanagpur and o :

Santhal Parganss 1.0 million hectares
Total | 5.2 million hoctures

Thoro are also immense possibilities for the exploi-
tation of the large rs&ervés of ground water, wvhich underlie
about 60,400 &q.km, of its alluvium coverod ares, Only
13 per cent of this potential has so far been exploraef by
tubewolls, With the avallable credit facilitics 1if the pace
of rural eleckriﬂcatvim to cnergise tubewoells eould be
accolerated, the immense ground water potentiasl can be put
into beneficial use,

The total number of pumps energlzed since 1973, is
only 53,703, The Fourth Plan terget for cnergizing pumps
vas 1,25,000 and by the end of the Fourth Plan, the total
number of punps electrified vas expected to beo 1,786,225,

6, '{inistry of Irrigntion & Pover - 'Report of the Irrign.
t4ion Commission 1972, vol,Ill, New Telhl, p.66,
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Takmg into account the irrigstion potential of all
types of future irrigation works, the State can irrizate
an additional ai‘ea of one million heetares which will bring
the total area !.frigataﬁ to about 7,6 million hectares. The

vorks out of about 7 per cent of the grdss cropped area,

3.7 Conclusion s

Irrigation Aovelopmont in Bihar Aates back to the
midfle of 19th oaentury, Initally canal trrigation was
taken up, Lator in thirties twontieth contury well and
tubewell irrigation vere developed, But these offorts vere
small {™ scale anfd sporafic in nature, 7Thus at the time of
independouce B:Lhar‘ﬁtam ha& only 0.2 million hectares of
lan® agmaounting only to a bare 3,4 per cont of cultivated
land, Sincoe infepondonce rapid prograss has dpen nafe in

irrigation development,

M™aring the study period the gross irrigated area in
Bihar incroased from 2,1 million hestarss to 2,8 million
hoetares, The percentages of both not and gross irrigated
aras have incronse® By 5 per gsent in the case of not irrige.
tod grea from 19,63 per cont to 26.6 por cont anf? by 5,02
per cont in the csse of gross irrigatoed aroa, from 93,26
por cont to 28,28 per cent, The compound grovth rates of
gross an® not irrigated arpa fduring the period 1961 to 1973
vore roSpectively 2.8 and 2,1 per cent inerease per annun,
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Tho irrigated oroo 18 unovenly Aiotpidbutof, Hors than
86 por eont of the stato Lrrigoted aroa 40 Alotributed in
throo 4i0trietsc of couth Bihop plain, vipy Potna, Gays end
Shchabad, woro more then 43 por cont of tho gross sown ares
10 irrigatod. The percontnfo sharo of othor Afstriats 1o
low onft varfcs £ron o0 1oy a9 0.87 per cont in Hazortbagh to
2.5 por cont in Chanpavan, In tho piatoon Aintriels, oxelu.
Ainy Polauau 1050 then 0 por cont of tho grong aown aren 10
 serigatod, |

Tho roto of dprigation 4n tho Afstriocts of Dihar i0
 pise Wén, The conpoun? grosth rates in tho st irrigated
aron are bighoot in Scharoo (63,47 por eont) cnd Purpea

63.8 pop cont), In othop Alsteiots tho cozpound growth pates
aro not gignificont, rathor in tho #otriets of Honghyr $n

tho plain cuf of Palomanu, Thonbaf ané Odaghbhun in thoe platosu,
thoy aroe nosativo,

ho poreontorg of Aot o0oun aroa irrigatod DY eannl and
tubcrall have inorocsed considorably in thin stato, fron 29
por cont €0 37 por vond in ordc of conal ond £ron 18 por cont
to 27 por cont in tho ¢zoo of vell anf tubsywoll.. Tho [pOPOODe
tope of not coun aroa irrigotod by tonks Aocpepsodlron 17 por
cont o 7 por cont cod by other soupecs fron I per coat to
20 pop econt, Tho compound geowth rotcs for tho stote of
Bihar 4n aron frrigotod By connl, well ond tubovell, tanks
ond othor sourent aro rodpscstivoly 4,9 por cont, 7.6 popy aont



«5 7 DOP QoNt, «2,2 por cont por onman,

Higheot compouny? groveh roted in ores Sfprigated by
eonnl and well and tubowoll hewo Boon rogintorod in Sphorsa
(225 por cont an? 42 por ocont and Purnon (288.4 por aont
amf £3,8 por aont), In tho plateau rogion, tho distriets
of Jonthal Pargannd an? Thenbod havo pogioterod higher
conpoundt growth patos, 28,0 por cont and 88,2 por cont rebposs
tivoly, in aron irrigotof by conol. Uonparod with arop irrle
gatod by eanal, tho conpouné raten of grovih of aron irrigatod
by voll anft tubczoll are moro uniform in the Alstricts of Uihar,
Shohoba8 in tho plain and 8anthal Porgonas in tho platonu,

Bod tho highest rate of feercasc in aron irrigated by tank
anf othor oourcod,
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CHAPTER o IV
RICE 1IN BIHAR

4.1 Importance of Rice in Bihar's Asricultur

Bihar 18 essentislly on agricultural Btste where
more than nine-tenths of the total population depends on
agriculture directly or otherwise., The porcentage of culti.
vated lond (H84) ¢o the total geographiocal area 18 unifor.
oally high in 8ll the districts of Bthar, In the yosr
1972.73 it ranged from 87 to 73 per cont in Horth Bihar plain
and 62 to 73 per cent in South Bihar Plain and less than
40 per eent in Chotanagpur plateau, There has beon marginal
increase or decrease in the cultivated area in the Aistriocts
of Hihar during the period 1981.73., Tablo 4 and the fig,
show these variationa,

Rice attains gn important place anongst the crops
of the state in bdoth acreage and production, In atreage
under rice, Bihar ranks first among the rice growing states
in India, In the year 1971 the total ares under rice in
India was 35,02 nmillion hectares, out of whiech 5,02 million
hactares were in Bthar, Hearly 13 per sent of the total rice
aren in India thus oscurs in mhar.l 62,2 per cent of gross

1, 6,8,Bhgll & Y,K,0lag {1970) « Perforn

 Ind
Ageioultare, “




sown area was under rice in Bihar in the year 1972.73,
Eleven of the Jeventeen 4istricts in Bihar share over 60 per
cent of land under rice to net sovn area vheress the remai.
aing half a dozen 4istricts share detvesn 36.51 par cent
(1972.73), In the trienninl average (1971.73) the maximum
percentage (88 per cent) of gross aren under rice to gross
aown area 48 found in Singhdhum distriet followed by Thanbad
(80 per cent) and Santhal Parganas (71 per cent). Less than
30 per aent of gross sown area 18 under rice in the districts
of Saran (29,68 per cent) and Monghyr (24,08 per cent),

In general in many é&istriocts of Bihar, there buve
been no significant chenge in the percentage of gross area
under rice to the gross sown area, .However, marked increase
is noticed m Purnea, where percentage 0f gross area under
rice to gross sown area in 1961°'s vas 47,10 snd in 1971's
63,87 per cent, In Singhbhum diatrict it incressed from
81,20 per cent in 1981's to 83,04 per cent in 1971's, Only
in Honghyr Aistrict the percentage 'nhau of rice area increa.
sed from 33,05 in 1961's to 24,08 in 1971's,

The significance of producticm depends upon acreage
given to rice and yield of rice ;inr heotare, OSince the
agreage 1is veri high in Bihar, the production or rice 18 also
high, Bihar ascounts for 11,19 per cont of the total rice
profustion in India, In the year 1972,73 the total produe.
tion of rice in Bihar was 63,52 per cent of the total



agricultural profuctiog and 59,20 per cent of the total
, tereals produsction,

However, the yleld of rice in Bihar is the lowesat,
In the year 1972.73 the 21l India average yiold of rice
vas 1,145 kg/hectare whoereas in Bihar 1% wao only 9568 kg/hec.
tare, The yield of rice in Bihar 18 less than half of the
best ylold obtainod as in Tamil Hadu (2,007 kg/hectare),

The ineroase in the yleld of rice and thaA cOrrespon.
fing rise in the rice production might pove way for refuc.
tion of more profitable srops, in the irrigated area,

4.2 Rice Varieties in Bihar :

Rice belongs to the genus Orysa in the family Orami.
neal, The genus Oryza includes 25 spesies of which only
two are cultivated namely, Oryza Sativa and Oryza gladberrima,
A1 the rice varieties of asia, Burope and America belong
to the species Oryza Sativa, Orysa glaberrima 18 confined
to small aress in west Africa vhore it 1s grown as an upland

arop. 2

Thero are tvo main rice varieties and well over 2,000
atraivs of these have developad by natural plant seleotion
over centuries of cultivation, These strains have subtle

A

2, The Fertilizor assooiation of India . 'Rice’, July *80,



differences in characteristics vhich make each desiradble

in thoe srea vhere it is grown mem the seasonal veather
trends; being resistant to looal disease; mesting the locsl
requirenents for planting and barvesting traditions, Indian
mﬂ.utm are grown sainly in tropiesl countries, Charaote.
mumm they are tall {(over 150 om,), lealy profuse
tillering and photo periodically sensitive, making the period
of maturity varisble, depending on the planting ,&“‘,3 These
varieties are generally lovw yielding but reliable year after
yeunr, Their nain disadvantage is thelr susceptibility to
1of0ging, often before flowering, This leads to low yields,
harvesting 4ifficulties, and low quality graif,

The mmgm v?aricuﬂl éro sommon in subtropieal
and lovw temperate latitudes, They are short and usually
early and high ylelding, Gome varieties have thick, tough
lesves which oon withstand strong winds, Others have tole.
rance t0 00ld, a desirable charasteristic in high latitudes
and in high elevations in the tropics.? However, their
ability to tiller is linited, they ars susceptidle to many
disease, they have Veak stand and their eating quality is
not mcnptiabh to many people in tropical aress,

3, HRobertson (19768), Up, Cit., p.3.
4, Ibia,
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The rice varieties in India are generally oclassified
as early, modium and late maturmg'., In some states these
‘are grouped as Autumn, Winter and Summer or first second and
third orop varieties, 48 a result of the breefing and selet.
tiocn prograsme carried out by d4ifferent central and state
agenoies, a larger number of indegsnecusly improved varieties
have been~ avolved, |

In Bthar, 14 improved strains have been relensed, of
these five are aus vnrists.'os. five are aman varieties, two
are floating rices, and two purple pigmentod varieties suite.
ble for cultivation in fiolds fnfested with wild rice.’
Besides thess there are other oight aus (Chinese introdustions)
and six aman strains vhich are reported to be very promising,

State Government has also released high yielding varie.
 ties %0 'mmt the requirements of the specific agroclimatie
and soil uomes, A list of high ylelding varieties released
fut cultivation 1s given in the appandix 8 and sre shovn in
£1g, 14

ipart from the 1ist given, fev more promising high
yielding streins have also been daveloped and are at
- pretent undergoing pre.raleasse mltiplieation and erau.s

8. 95,H,Richaria & 5,0ovindaswani (1966) . fige in Indda,
Seientific Book Compeny, Phtna, p.93,

8, OBouvenir (1978) . Rice Parming, The Directorats of Rice

Devalopment, Government of Indla, Patna, p,S5,

e
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The aorenge under high yielding variety is iow in Biher,
HIV soverage 1o only 23.3 per aenﬁ.-? The renaining ares
grows only rainfed rice,

Bagnfed rice is subjected moisture stress at one time
or the other during the growing period, Thersfore, the
cholge of the variety, partisularly under rainfed "uplané*
conditions (Highlands of South Bihar) the main condition,
should be the duration orop, The kiand of rice groun in
Highlands of Bthar is coarser and more quicke.maturing s we
move from the nofsture retaiming lowlands to the less moist
and more puaaﬂcm higher terraces,

4.3 ¢

tural Practices of Rice Cultivation »

Rice culture insludes the method of sultivation,
method of sowing, vesding, irrigstion harvesting, threshing
fertilizer use, control of diseases and choloe of varieties,
Seodling are usually prepared in a nursery and latter traus.
planted in the paddy f£ield, A nursery of 300 to 500 2™ and
planted with 40 kg. of seocds will produce sufficient plants
for a one-hectare f1e14.2 Defore planting the seeds are
soaked and pregerminated in waramth for 38 to 48 hours, The

2. mmuuy of Agﬂ.mtnu ¢ Irrigation (1978). mp%g_. 4
- Rice varieties for different regions of India, 1 -

rate pl‘ Extension, Government of India, p.1l.
8, ' Rodertson (1975) - Op, Cit,., p.3,
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Seodlings romains unfer flooded conditions in the nursery
for 20 to 30 days and reach the fifth.leaf stage with a
height of 18 to 20 om, vhen they are ready for Sransplanting,

After the land becomes flooded it 18 ploughed and
harroved several times until the e€oil is thoroughly puddled,
The puddling not only helps in killing veeds and inoroporae
ting organic naterial into the 501l dut Als0 makes it oasy
to transplant seeflings, The preparation of the soil and
nursery plonts requires careful timining in relation to
the bagzining of the wet season, Sosedings are transplantod
by hand, eitber randonly or in rovs, Plant spacing verdes
with the variety but ranges from 20x20 to 85 x 35 om,

There are thres seasons for rice cultivation, The
summer rice (garma) cultivated &uring ﬁarch/hpru'to July/
August is consentrated in thé canal irrigated regions of
Sone, Kosi and Gandak Projects, The area under summer rice
18 1,45 (1972.73) and early maturing varieties are mostly
 grown in this scason, The autumn rice 18 sown broadcast in
the undulating upland areas (Zanr lands) of Chotanagpur
and Santhal Parganss and in the 'unbunded flelds of North
Bihar Plains, Autumn rice 48 grown as rainfed orop during
June to October with early varieties, About 0.74 per cent
of the rice arop is grown over in this season, . The most
important is vinter rioe (Kharif orop) ococupying the largest
acrenge grown &uring June/July ¢o Hovember/Decembar, The



early varieties are harvested by mid Hovenbdber, the medium
group by the end of Novenber and the late by Decembder,
'"The early and the medium Suration groups are raised in
nediun lands while the late maturing varieties are grown
in the lowlying end 1ll.drained ereas'.? 2 1ittle over
88,79 per cent (1972.73) of Bihar's rice orop is grovn in
_this soason, |

R4ce follows a definite pattarn of growth and develop.
nent regardless of the method of planting and watering and
of the variety nacd.m The period from seed germination to
seod maturity, the life oycle of the plant can de divided
into three 4istinet phase of development, First phase 18
vegetative, includes the interval froms seed germination to
pawicle initistion and includes three period . (a) the seel.
ling poriod is from the time 0of germination until the fifth
lesf stage, Turing this period young plants develop seminal
and lateral roots while adsorbing autrients from the onfos.
pernm of the seed, (1) The transplantiag period covers the
interval from the fifth.leaf stage to full recovery follo.
ving transplanting., 7This usuglly takes adout three weeks,
{c) The period of tillering follows closely after the fifth.

~ leaf stage and recovery from transplanting, ‘

Fear the enéd of the tillering period or sometimes
before the end, the initiation of the panicle primordia in

ey

9, Inproved Rice Varieties; Op, Cit., p.1l.
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in the tillers takes place. This makes the beginning of
the seoond phase which salled reprodustive, The panicle
initiation period may be very short ; following coinoiding
with or starting shortly befors the stagn of maximum telle.
ring in varieties insensitive to photo period, The period
of intornode elongation or booting begins inmmediately after
initiation of the primordda, Turing this poriocd the expan.
ding primordia is pushed upward, The emergense of the
panicle from the flag.leaf sheath marks the baginning of the
‘third period followed almost immedistely by the flovering
period,

The ripening phase consiats of three pariods: (a) The
milk period oocurs wvhen the starchy portion of the grain
dovelops from g watery to a milky consisteney, (b) During
tﬁ; dough period the caryopsis loses its milky consistenay
and decomes gummy (soft dough), then hardens to the hard.
~ dough stage, The total time from germination to full
maturity ranges from 00 to 200 days depending on the varisty
and its response to photo period and temperature.

%.4 Haryesting

The right stage for harvesting is vhen the ears are
nearly ripe and the straw slightly green, It delayed till
the orop 18 dead rips, grain may be lost due to shedding,
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lofging ond by bird danage, Dalayed harvestinz may aleo
lead to Sun.cracks which in turn would affect the nilling
recovery, The orop 18 generally out with a siokle by
mannual ladour, dried in tho field for 3.4 days and then
‘threshed by stioks or bullocks, The pedal throshar is
sconomieal, tiue saving and may be used,

After removing busk through threshing, rice 18 milled
and polished &o remove the bran layer in order to improve
the keeping and cooking quality of rice and to make it
attractive for selling,

4,5 fross irea (ndar Rice in Bihar i

Turing the period under study, the area under rioce
in Bihar has merginally dcoreased, It was 5,22 milltion
heotares in the triennial average for 1981.63 and 5,15
million heotares during the period 1971.73, However, there
are 4istriots where there was o significant snoreass in
ares under rice during the: eame period, The distriate
vere Champaran (3,97,008 hectare, 1561-63 and 4,78,148 heota.
res, 1971.73) followed by Bhagslpur {1,581,854 to 1,668,442
hectares), Saharss (4,287,274 to §,01,578 heotares) and
Purnea {4,27,274 to 5,01,578 heotares) Table - 9. On the
other hand the Aistricts having mors than 50 per cent gross
irrigated area of grows sown area bave registered a deorease
in the gross ares under rice, In these districts irrige.
tion might have had led to the introduction of more profitabdle
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Gross avea undor rice and 3 to G634 and Gross aren undor
irrigated rice on? $ to gross area undor rico
(Mrago of 1961-63 t0 1971.73)

1901 - €3 e "_msx.ea' 197 .73

Pistricts anR 3 of GAR GAR 4 of 0AR OIA Sof  ofa _ Bof
{in heo. to (34 {4in Hoow to 034 under (1) £ andor OrAR 0
tare) tare) rico to rice aaR

{in hoe,) AR {1ia hee,)

‘Bihar Dlain 266904

Patna 255304  38.098 213338 36,02 243475 ©05.63 214465 99,14
%aga 496470 46,89 50B851 61.19 490664 95.07 453208  99.88
8ahakad 800851 42,10 503008 44,94 53032 86,23 441179  £8.22
Sarsn 203763 0,09 195147  29.68 3@2 161 335 2,01
Champ 397008  49.90 478147 53,97 105236 27,73 118038  25.99
tusaffarpur 324572 43,50 319869 41,34 2148 9.93 7957 2,48
Parbhangs 380880 4.0 378381 48.26 6997  1.58 23612 4,00
Hunghyr 239817 33,05 141608 24.08 135586 64.99 89785 63,45
Bhagalpur 181854 .85 188442  40.37 1220964  80.49 127227 8139
Saharsa 121417 31,92 191242 90.69 3¢ 0.3 28728 20,16
Purnea 427274 47,10 501578 63.67 569  0.17 52183  10.39
Bihor Plateau -
Ganthal |
Parganas 440954 63,20 461885 70.71 2 77849 18,89 45913 10,80
Hauaridagh 283284 60,41 235408 52,61 18558  6.28 4888 2,17
Banchi 450527 61,19 370434  43.45 6844  1.45 19985 2 2.72
Palazan 110781 22,63 116023 31.33 6735 61.61  B3191 56,82
- Thanbad 84109 82,00 6947 7V.76 1843  7.44 1151 L.65
Singhbhum 355048  81.20 358634 83,04 18825 @ 1,63 1789 5,04
State 5224514 5152054 1773143 368,54 1702330  33.17

384 = Gross Soun Ma
- QAR = Gross Apea Unfor Rice
GIAR = Grosa Irrlgated ipea Undar Rice

6



erop than rioce,

Yhen ve analyse the percentage share of gross area
under rice to gross &uun area {Table.9 and fig, 18) 3 ve
244 that all the 17 districts grouped nto four cate.
gorfes i

18t category . Having 80% or more GSA under rice
2nd category . Having 607 to 80F 0S4 under rice
8rd category . Having 40% to @08 0S4 under rice
4th category . Having 40% and below 384 under rice

A close parwal {(Tadle.10) chows that sntire distriocts
can bo grouped us 3

{a) distriets having the same oategory in both the
periods vie, 1961.62.63 and 1971.72.73,

(b) distriots gained peroentage ares under rice and
Sumping in the nest category from 1961.82.63 to
1071 72.73 and

(o) Atstriocts lost percentage area under rice and going
down in the next category from 1961.62.63 to 1971.
T3.73,

Consldering the first group of &istriots, ve find that
there 18 only one district 1,e, Sfnghthum vhich remained
in the first sategory having 81,205 anéd 88,045 G3A under
rice during 1961.62.63 and 1971.72.73 respectively, However,
it enjoyed more area in 1971.72.73 than in 196).62.63, In
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Tadle ~ 10

Matridution of 4istricts in different percentage groups Foi‘ G&ﬁ' o asa"
{ Average of 1961.82.83 and 1071.72.73)

1981 Group S . o
* Below % % 0 -6 % 6 - 20 % Above 80 %
1971 Group o
Below 40 § Patna
: garm
Honghyr
Palamau
40 - 60 &% Saharsa Gaya HEazazil
Shahadad Rmcmm
Champaran
Huzaf Carpur
Darbhanga
Bhagalpur
80 - 20 8 Purnea Santhal. Thanbad
: Parganas _
Avove €0 § Singhbhum

* GAR = Gross Area Under Rice

* (37 = O

oss Sown Area

56



the second category, again there 18 only one district i.e,
Santhal Parganas vhich had 63,20 per cent area under rice
in 1961.682.63 a8 against 70.71 per cent during 1071.72.78,
This 4istriet also remained in the same category but enjoyed
sore percentage of area during 1071.73 over 1061.63, The
third category of districts in this group are Gaya, Shshabad,
Champaran, Musaffarpur, Darthanga ond Bhagalpur and Purnsa,
When ve 100K at percentage Shere of ares under rice to gross
sown area (Table.0); ve f£ind that of these 6 districts,
although they remained in the same (3rd) catogory; 3 distri.
ots yiz. Gaya, Shahabad and Champaran gained percentage area
under rice during 1971.73 over 18681.63 whers as the ramaining
3 d4istriots visg Musaffarpur, Darbhanga and Bhagalpur expe.
rience a decline in their peraentage ares under rice during
1071.73 as oompared to 1961.63, However, the gain or loss
of these #istricts was not such vhich would have changed
their category, The last (4th) category of 4istricts of this
group are Patna, Saran, Monghyr and Palamaun, Of these 4 dis.
triots, only the distriet of Palanmau experienced gain in
peroentage area under rice during 1971.73 over 1961.63
while the rest 3 Aistricts experienced a decline in its
area unfder rice, |

In the ionona group of districts which experienced
a gain in its area under rice in 1971.73 over 16681.63 are
only twvo vis, Ssharsa and Parnea, The 4istrict of Ssharsa
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Jumped from 4th ocategory (31,92 per cent in 1061.83) to
3rd ocastegory (40.60 per cent in 1971.73) vhereas Purnea
Jumped to 2nd category (63,67 per cent in 71.73) from

8ré sategory (47,10 per cent in 1061.63),

The tliird group of districts whioh experienced a
fecline in its area in 1971.73 over 1981.63 gqre three
‘viz, Thanbad, Hazaridagh and Ranchi, The district of
Dhanbad went down to 2nd cotegory during 1971.73 from st
oategory in 1961.63 whereas the 4istricts of Hasaribagh
and Ranehi went down to 3rd ecategory in 1971.73,from fnd
category furing 1961.83,

It is further evidenced that the districts which
experienced loss are mostly in plateaun region, They are
totally depondent on rainfall, However, these plateaun
distriots show highost percentage of area under rise, This
alao implies that in these distriots, rice 18 the only
staple orop and also the wvheat cultivation is not praoticed
on a large soale, It 18 all Aue to rough topography of these
4intriaots together with the lack of frrigational facilities,

When ve aonsider the distriots indivifual percentags
share of total area under rioce to state total {(appendix 9)4
distriot can be put into three categoriesy

18t oategory - districts having 5 to 104 of the state
area undor rice



Tadle - 11

Percentage share of distriots to the total area under rice
in the stats during 1961.63 and 197M.73.

1061 Oroup , - 7 : ’
1971 Group B’,mf.sﬁ & | aaov: 10 %
Below 5 £ Saron = Patna
g ﬂ’ Hagaribagh
Ssharsa |
Palaman
Thanbad _
51038 S1nghbhus Gaya Shahabad
_ Champaran
%uzggrmur
arbhanga
mfg
Santhal Pargansx
Ranohi
Above 10 %

ot
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§ 0
#ad category - Aistriots having 8 to 10% of the state
area unfer rice '
3rd cotegory - Astriots having bolow 5§ of the state
aren under rice. -

From the table; it 18 quite clear that there is no
d1strict which shares more than 10§ of the state srea
under rice during 1071.73, Hovever, one district i.e,
8hohabad was in the first category (10.10 por cent) 4uring
1961.63 whioh experienced a 1088 in its share and theredy
went down e§ ond category during 3.971-?3 (9.?0 per cent),
When we 100k ot Table - 11 and fig, 14 & 15, ve find that
- the distrists of Geya, Chanparan, Hugaffarpur, Darbhaenga,
Purnea, Santhal Parganas and Ranchi remained 4in the onéd
aategory in both tho poriods vig. 1981.63 and 197M.73,
Hovwever, the Alstriots of Husaffarpur, Darbthanga and Ganthal
Parganas experienced a :mis in its percontage share whereas
the remaining districts of their gatogory experienced a
gain during 1971.73 over 198).43, But this loss or goin
vas 80 marginal that it prevented fhem jumping &own or
going up to any other cotegory, Hovever 2 districts visx,
Patna ané Hazaribagh whioch were in the 2nd catesgory Auring
1061.63 108t a oonsiderable share in its area under rice
which foraad them to go down the last category (3rd)
during 1971.73. Whon we consider the last category (3rd)
of districts, ve find that there were seven districts
| during 1961.73 vig, Saran. Honghyr, Bhagalpnr, Soharsa,
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Polamau, Thanbad and Ginghbhum, Out of those 7 4istriets,
¢ aistriots axporiensod an increase in 1%8 poroontage
share vhich souses one df theso two i.e. Singhbhum going
up in ‘t‘hex noxt oategory (2nd) during 1971.73; vwhereas
Saharea remained in tho samo eategory (3rd) alengwith

- other 6 districts vhich experienced a docline in ita share
during 1971.73 over 1861.63,

Having exomined tho findividusl chare of cash distriat,
it mplies that ae much o8 11 4lstricts oxpericnccd a loss
in their pereontage area undor rice Auring 1971.78 o8 against
1961.63, It mosns thot there would hove becn o goneral
dooline in tho grom under ricec in the state during thise
poriod, Thopafora, it 16 ossontial to anslyso tho relative
chonges in tho nrea omong the Alstricts in Bihar, The
relative changes has been analyoed by computing tho come
pound growth pates and linear rotes in increase,

4,8,1 Qrouth in Grose Aren Under Rice &

then wo glance at Table.l? and fig.17 the compound
growth rates (from 1961.62 to 1979.73) in gross area undoy
rice, We find that in all 11 districts hove oxperienced
4 pusitive growth, The maximun ¢ompound growth in gross
orea undor rioe 48 found 4in the distriot of Gaya (6,20 per
ocent), It is followed by Saharsa (5,00 per centy Santhal
Pargonas (3,10 por cent); Purnee (2,10 per oont); Ranchi



Compound pgrowth pate2 and linear rates of increase
of Gross area under.rice and gross irrigated avea
unfar rice during 1961 - 73,

a unfopr

, Oross dross irrigated under
Matriets Tomeonnd  Lins oy —-——-M ———————
mpound  Linear rates Compound Linear raotes
Growth = of inorease Growth of inorease
rate () ('00 heot/ rates (00 hect/
— ____per anmum annum)  (f/onoun) anoum)
Patna e 42 4-35; 19 1.0 2%.70
Gaya 6,2 89.18 1.03 42,923
Shahebad 0.00 2,84 0.20 7.08
S8aran 0,32 8.86 4.00 1,68
Buzaffarpur 0.1 2,89 0.78 3.19
Honghy» -3,69 «84,28 -5 77 «37,72
Bhagalpur " 0.30 4,85 0.60 2,73
Baharsa 5,9 865,08 77 .72
Purnea 2.1 07.38 69,8 67,51
Bihar Plateay
fonthal Parganas 3.1 4,38 «8,74 42,68
Rogaribagh 2,68 -~88,83 =12,18 «18.8%
Ranchi 1.84 19;31 9.80 Be 44
Polanan »0,28 - 5,98 wls53 10,38
Thanbad «0.43 «17,32 »l7.02 - 8,00
31nghbhﬁn «B8,90 - 3,87 0,82 - 2,83
8tate 0.30 186,43 -0,48 w83, 43
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(1,84 por cent)y Champsran (1,60 pisr eent) 3 Shazalpur

(0.0 per'emn Parbhanga (0,25 per dent); Saren

(0.32 por cent); Numaffarpur (0,10 por cent)y mnd
Shahabad (0,00 per eent) Aistricts, All these districts
have aleo experienced a pusitive inerease in 4100 hestare
per anmun' (linear rate of increase), The maximum has

beon oxperienced by Juya itszelf where it is 80,18 as comDo.
rof to Shehabnd distriet (2,64) whioch experiensed minimum
linear rate of incroase, Among the 4istricts émca bave
oxperionted a negative compound growth rate, are Singhe
bhun { .6.98 per cent) followed by Honghyr («3,83 per cent);
Ramaribagh (.2,53 per cent); Patna (=1.42 per cent); Thanbdad
( «0.43 por cent) and Palamau (0.23 per cent) Aistricts,
Hegarding linear rate of decrouse anlso, Ranohi tops the
11t with .1035,87 leaving rest 5 distriocts far behind as
Hogaribagh { -66,23) oomes at Second position followed by
Yonghyr (.04,26); Patna («33.10 )j Thanbad ( «17,32)y

and Palemgu (w5,96),

The oompound growth rate indicates marginal incrsase
ia the acreage in few Alstricts of the plain an® while
decreanse in noticed partionlarly in the plateau 4istricts,
%he trend seccs comtinuity with the recomnendstion of the
national Coamn, OB &en.'n 1t also reflects that wajority
of &istricts whioh have negative growth are platesu 4istriots

11, Hotionsl Commission on Agri, - *Bainfall & Cro ‘
Pattorn®, wol,IZl, Bihor, HWioistry of Agri, & Irri,,
1978, %75.
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Aovoid of any @eveloped means of irrigation or 4o not have
assurod water sources, DBecausc, the 4 districts vis, Oays,
Bgharsa, Purnes and S8anthal Parganas which have shown a
positive growth alongwith many others of 7 other Alstriots,
L énaay better irrigational facilities or have essured
vater resourcesd vhich is roquired for rice cultivation,
However, it besomes more clear, ratlier a great variation

ia found whm vo analysze *gross area undor rice' in 4iffe.
rent seusons,

During the period under study, the ares under
total irrigated rice in Bihar has marginally dedreased,
It was 18,11,811 hectares in the triennial average for
1961.63 and 17,09,380 hectafes taking the period 1071.73,
However, thors sro districts where crea of irrigated rice
insreased during this periocd, The 4istriots were, Saharsa
(451 to 38,728 hectares) and Ghahabad (4,31,743 to 4,41,178
hootares), bUhile considering tho total irrigated rice to
gross ares under rice, ve find that 4 dlstriots ouk to
17 have registerod more than 80 per cent rice area was irri.
gated in both years., The Alstricts vere, Patna (99,63 ond
99314 per gent), Oaya (05,07 and 09,58 per cent), Shahabad
(86,23 and 88,272 per cent) nnd Bhagalpur (80,49 and 81,39
per cent), The dlatriocts of Honghyr and Polamau have also
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oxporiencod more than 60 por eent ares under irrigated
rice to gross area under rice, Hest of tho 4tstriocts have
recorded below 30 per osnt irrigated arca under rioe to
gross area under rué tn the years 1961's and 1971's
Table-9 and fig, 18 & 19),

_ Looking at the regional pattern of growth 1t van de
said that thoe districts of Zaren, Dardhanga, Purnea and
Ranchi have a high growth rates of total irrigated rice.
While the linear rate of fincrease is highost in the distriote
of Shahabad, Champaran, barhhanga, Purnsa, Ranchi and Palamau
where there 18 an inefesse of more then 5 hundred hectares
of BIA per annum under this cropping., OSimilarly, the
Afotrists of Patna, Ouaya, Bhehabad, Champaran, Musaffarpur,
Bhagalpur and in a Aiscrets patch of Singhbhunm form a regiom
of mefium growth rate in the range of 1,5 to +1,5 per cent,
" wheroas the Aistriocts of Baran, Hugaffarpur, Bhagalpur anéd
Singhbhum roveal a region of mediun rate of linear decresse
in range of .8 to +5 hundred heototes of NIA wunder rice
oropping (Table.1Z and fig, 20),

On the contrary, the 4istriots of South Bihar 1ike
Banthal ?séganaa, Hazgridagh,and mmaaf reveal a lower
grovth rote below .1 per cont anf a lover rate of inorense
below .5 hundred hectares of UIA under rice eropping, This
region eloo includes the districts of longhyr, Scharsa ané
Palamau in the case of growth rate while in the case of
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linoar increase Palamau folls in the high linear rate of
increase as disqussed adove, |

4.6 Area Under different Crops of Rise

In Bihar normally thres crops of rice are sown
autwm, winter and summer, Among these winter rice 18 the
most smportant, covering mors than 00 per cont of area
under total rice in most of tho &lstricts,

The normal area given to autumn 'in Hihar is 4,88,037
hestares (1071.73) whereas its asres in 1981.68 was only
3,89,453 hootares, It implies thet tho area under autumn
.riee 18 inoreaséng., Eovever, thore cre some districts vhere
thero was a significant inoreonse in the area under autumn
pilco during this study period (Tadle.13). The Aistricts
wore Champaran (858,438 to 1,03,48) hectarss), folliowed by
Dardhanga (16,9258 to 22,743 heotares), It is interesting
to note that most of the Aistriots of ‘Bmar plateny expe.
rienced 4screase in the ares under autumn rice and it
is Mue to lack of irrigational faocilitioes,

In gensral autumn rice ocoupies vory less area, The
largest percentage of ares under autusn to total rice is
found in the North Bihar plain, The distriets in the Horth
Bihar plain bave also gained in autumn rice in 1071.73 over
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Aresn under Aut Ries and § to GAR and ares undar irrigation
satunn Biee ond § 2o AAR {Av, of 1901.02.83 & 1971-.72.73)

196163 197 73 1961 - 63 1971 « 73

ARR fof ABR  AAR ﬁaf:maarm fof AIAR OTAR ﬁafnxﬁa
(in heo,) to om {in _heot.) to OAR un hec.) to AfR L’m !we.) to AR

Mstricts

288 0.1 237 0,31 84 19.33 177 74.63
2034  0.80 2080 0.48 445 92,65 889 42,62
9082 L1 457 0,91 824 10,54 1456 31.89
20882  11.22 38128 18.61 629 4,16 611 1.89
66423 16,24 103461  21.63 0875 13.82 17357 18.77
13884 427 17150 538 381 2.8 11068 8,74
1925 4 2248 é.06 4 3.18 2085 9,03
2538  1.22 1104 0.78 25 12.82 269 24,38

S68 0.3 684 0.43 103 22,04 58 8.10
12028 10.72 21011 10,98 o - 22651 10.71
80038 18,73 102817  20.49 o - 2783 2,28
12818 2,80 2067 1,98 170 1.90 8 2,10
8485  2.99 8987 3.93 18 - 23 4.02
104221 23,18 85788 2315 o - 12 3.01
16297 9,71 148458 13,81 135 101 ¢  z2m

328 0.48 241 0.34 . - -

23828 6.69 20418 576 19 - 4 1.20
383453 438037 13091 8,01 23075 5.95

40R = APea Unfor Auturn Rico
GAR = Gross Apoa Under Rico
AIAR = Apon Undor Iwigatea Autunm Riece



1061.63, But if we look at conpound growth pates ve find
that most of the important dlstricts (Patna, Oaya, and
Bhahabad ate) have recorded negative growth rate, It
strikes that thesc 4istricts have rodused their area under
rice betweon two points of tine, T%herefors, ¢o see the
bghaviour of autumn rice it 19 ossentizl to analyse the
conpound growth rates and linear rates of inoraase,

There are only @ Atstricts which havo experienced a

- positive growth so far as area undor autuun rice 13 oonoer.
ned {Table.14), These distriots, in order of their compound
growth rates nre Soharsa {10,60 per cent); Champaran (5,80
per aent); Saran (5,40 per cont); Thanbad (1,40 per aent)y
Bhegalpur and Hazaribagh (0.20 per cont sach) &istriots,

The 1ast 3 4istriets of this group fall delow the state
averapge figure of 3 per cent, Lherc we examine the linear
rate of insrcass of these 4istriocts, ve find thot it is
negative only in the aase of Thanbad distriet (0.09). Row.
ever, the remaining distriots have also oxperienced s positive
linear rate of increase, The maximum has boen oxperionced
in the case of Champaran distriat (43,93) whils the oinfmum
i experientod by Bhagalpur (0.08)., A total of 8 Aistricts
have oxperiencod negotive compound growth rate, The maxi.
muz oon be witnessed {Table.9) in Honghye { «8,58 per cent)
distriots where o8 the minioum i axperienced by Gaya
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Tablo « 14
Conpound growth rates and linosr rates of increase

of area undep sutumn rice and area under irrigated
‘ autunn rice (1961.73)

Avea under Aubumn . Ares wader irrigu-
_ rice ted anutwmn rice
Pistriot , — m—r o : , -
Compound Linear prates Compound Linear ratet
groath of inoreasse growth of incrosse
ratos €'00 hecty rates  ('00 hect/
{/annua) annum) ° (?/annun) annum),

. Patna -2,12 -0.08 9.80 0.1
Gaya «0.07 w0s1? 750 0.48
Saran 5,40 18,53 0.67 0.32
Champaran 5.80 43.93 800 .48
Hmhyr wBe & —’-o 61 3-20 o) QO‘
Bhagalpur 0.20 0.08 «7.08 «0.08
Saharss 10,8 12,84 158,30 2.88
Purnen ’ 3,8 32,18 ~15,30 -3s33
Bihax Plateay
Banthal Parganss 5,94 8,13 «36,02 0.18
Hazaribagh 0.20 0.26 =-19,91 «0.008
Ranchi -3, 7,08 67 0.001
Palamau «1.43 =2:29 31.42 0.28
Thanbad _ 1.4 «0.,00 «0.80 =0,00

State 3,00 132,01 8,7 19,27




(«0.07 per cont), However, all these distriots have also
rogistered a nezative lincor rate of incresse. The maxi.
mun 18 in Ronchi (.0,08). |

fhwomé, we oon say thot autuma rico cres is
inoreas ing only in the distrists where asoured water is
not available, Thus, it i8 qui%s iInteresting to note that
autumn rice is wholly dependont on painfall, It may also
have o positive correlntion with rainfall o8 vo would he
exanining in Chapter V,

4.6,1,2 Ares unfer Auturm Irri maﬂ Bice 1

The autumm orop of rice m Bihar is normally unirri.
gatod o8 it 18 sown during the rainy season, tThe normal
area under autusn irrigated rice in Sihar is 20,078 hectares
(1971.73) vhereas its area in 1981.63 waos 85,501 heotares,
In the year 1971.73, 5,885 per cent of the total ares under
autuma rice vas irrigated in Bthor, However, the sanal
irrigoted distriots of Bihar plain hove responded a aipni.
fioant change in the percentage of acrea under sutumy irriga.
tod rice to total area under autumn rise in the year 1971's
over 1061's, The 4istriots were, Potne (10,33 to 74,68 per
cent), Oaya (22,83 to 42,62 per gont) and Shahadad (10,564
to 31.89 per cent) followed by Chanparan (13,82 to 18,77 par
oent) and Honghyr (12,82 to 24,38 per cent), DBut as discu.
ssed earlier, that there is no change in the area undor
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autin rice in those districte, and 1f wo tokte the absow
lute figurcs of autuma irrigatod rise we found that the
districts of Champaran (7,700 hootate), Purnea (2,800 hec.
tare), Soharsa (2,300 hootars) ond Parbhanga (1,500 heo.
tdm; have got more thon the doudble area undor sutumn
trrigated rice in the years 1971's over 1961's,

Puring the period of 12 years autumn irrigsted rice
shovs o high growth in the rogion of Horth Biher comprising
the distriocts of Husaffarpur, Darbhenga, ans Ssharsa, ¥hare
grovth is noticod for more thon 10 per cont of HIA under
putumn rice, Among them Sahorsc has hi.g‘hasty rate of growth
about 158 por cent. The plain pegions of Patna, QOaya,
Ohohabad axhidbit oolius growth prate in thep range of 1 to 10
por eent of HIA under autumn rice aropping, Another Alacrete
rogione of modium growth oecurs in Champaran of the lorthern
Bthar and in Honghyr and Raonchi of Soutbern Bthar, The
distriots of Southern Bihar such os Bhagalpur, Saonthal Pargae
nes, thanbad, Hazaribagh anéd Polamat form o resion of lov
growth rate bglow 1 par cont, It also inoludes the Atstrist
of Baran in Horthern Bihar,

The linear rate of incroase of the HIA under autumn
rics oropping form tvo @istinet region of positive and
negative increment in the dfstriocts of Northern and Southern
Bihor exocept Purnea and Bhagalpur, all the distrists show
a positive rate of inerease, Anong these Champaran makes
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highest, 046 beotares por annum irrigated ares under autum
rice, In South Bthor Haosarihagh ond Thanbad have shown
nogotive grovth,

4.6,2 Area Under Winter Rise ¢

As 4isousned earlior that among all three orops of
rice winter rice oovars in most of the ammm having
more than 00 por sent share of total sres under rice, The
normal ares given te'#inter rise in Bthar is 4,69 nillion
heotares (1971.73) but (t wes 4,83 million heotates in
(10601.63), /nd there is & decraase in ares under winter

rice in almost all the d4istriats, except Bhagalpur, Gaharsa,
#amn and Singhbthum, In threes districts Purnea has naxi.
nus eres under winter rice in both years (1981's and 1971's)
the area vas 3,465,082 and 3,004,517 hectares whereas Bhagalpur
regorded mintmum $,e, 1,51,260 and 1,54,875 respeotively
(Tedlew18), These Aistricts have responded positive growth
in the winter irrigated rice and more over, these are highly
rainfod districts, But overall area undor winter rice is
decroas ing which can be alaarly observed in the analysis of
compound growth and percentage of nrea under vwinter rice

to total rice,

tihile censidering the percantage shere of winter rice
to total rice, we find that except Cfour districts vie,



yﬁm - 15

fArea winter rice an? 7 to GAR and Aroa unfor irrigated wintos |
ries and I to fren under wintor ries (ivoroge of 189).62.63
and 1971.72.73)

 1981.83 197073 1961.63 1971.73

Platricts , , '
AR 3 of AUR AR  of ABR AYHR Sct ALWR  ATHR fof AIuR
. {in hena,) 1O G {in hecy) to (AR (in hoa,) to am ~ (in hee,) 10 &R
Bihop Ploin -
Patna 255007 99.68 20533 = 06,27 248390 94,0 203392 90.2)
Gaya 494435 9. 59 445209 97.79 42085 97,90 444447 99,680
Sahabad 491427 298,16 483343 06,71 435338 87.00 @23 88.40
Saran 180440 28,55 157729 20.82 - 2438 1.88 2345 1.48
Champaran 330085 8314 236889 82,04 25413 20,78 83380 28,00
Hugaffarpur 310691 025,69 01743 94,33 884 5,10 5932 1.88
Darbhanga 363163 98.42 352058 23.53 68540 2.7 19420 560
unghyr 287234 98.952 137374 87.07 135448 65,81 88898 63,20
Dhagalpur 151269 89,61 154875 99.99 122858 75,91 126334 01.57
Spharca 102085 83,00 164703 89,12 472 0.77 35318 21.44
Purnoa 345982 £0.97 34517 a8.85 119 0.03 - 46948 n,m)
Sanzhal , . _ , o ,
m%b 427555 93,98 1NE8 93,90 77423 21,19 468504 11.02
Bazu agh 274778 83,98 215587 95.87 15532 7.12 48 210
Banebhi 345681 78.72 283826 76,61 5377 L.05 12233 4, 30
Palazan 101172 91,32 29124} 88,03 22183 73,28 53048 G4,70
hanbad 2418 299,84 69040 99.47 5183 4.48 W25 - 1.48
8inghthum 332001 93,24 3336513 94,07 23388 7.47 - 17413 5.21
State 4333349 4554989 1768119 37.11 1822873 35,30

GAR = oms Aven t!nder Rico
AR = Area Undor ¥intor Rieon
AIVE = Area Undor Ippignted lintor Rico

R
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Bhagalpur (89,61 to 99,9 por cent), Shoharsa (89,00 to
89,12 per sent), Purnen {80,907 to 88,66 per vent) and
84nghbhus (93,24 to 04,07 per cent) all the districts of
Bihapr have experienced loss in tho orea under winter rise
during the period 1971.73 over 1881.63,

The analysis shows (Pabla.16) that almost all the
‘1atriots except 4 have experiensed negative growth in
area under vinter rice, The distriots whioh have oxperien.
ced positive rate of growth are Ssharsa (8,30 per cent)y
Purnea (1,70 per cent); Bhagalpur and Singhdhum (each
0.20 per cent), They have also experienced a positive
1inear rate of inorease, The maxinmum 48 found in the ocase
of Sgharsa (87,83) while ths minimun has been gegistered
in Phagalpur Qistriot vhere it is 3,90 only, Among the
districts vhere thers has bean a negative pgrowth ond nega.
tive linsar rate of increase, the distriet of Honghyr tops
the list with highest negative growth of .5,41 per cent
and linear rate of dscreass of .97,16 while Mugafferpur
experienced a minimum of doth 1,9, a compound growth rate
0f «0.12 per cent and a linear rate of deoresse of 3,03,
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Compound growth ratog ond linoar raotes of
inorease of ares under winter rice and area
unfley irrigated winter rics (1961.73)

~_fArea under Ares under irriga.
Matricts Hintar rice _g_od vinter rice
Cpmpound Lingar rates Conpound Lindar rates
geovth of inorease growth of increase
rates (400 hect/  rates (*'00 hect/
{%/amunm) annum) (#/annum) ammum)
Patna =1.968 -45, 42 1,566 34,84
Oaya «0.96 #\'%qgv 0.80 52,00
shaabﬁﬂ «0,23 Onow =0,18 - 6098
Baran «0.00  ~23,08 1.7 o« 2,18
Champaran . =8,93 «20,03 =203 -286.,88
Hugaf farpur «0,12 - 3,08 «3,13 - 3.8%
Tarbhanga =0, 61 -12,30 20.8 ~17,98
m)nghyr w8s 41 «D7,16 - 4,82 37,13
Bhagalpur 0,20 3,90 0,40 0. 02
Gehaorse 8,30 67.83 68,20 43,60
Purnea - 1,70 91.87 wi, 0 55,08
Santhal Parganas .0.83 «30,86 8,04 « 30,47
Hnsoribagh -2,89 -38,75 «12,64 «13.03
Ranoh$ «2,03 -q8.45 - 9.20 .47
Palanum =0.,98 =10.123 - 0,02 - 9.66
Thanbaod 2,32 «17.88 «19.74 - 3,90

Btate 0o 44 «107,7 : v 0,64 «107,43

AT . e e —————
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4,6.2.2 frea under wintor Irrizated Hice s

Tho area undor irrigated rice in Bihar vas 17,54,120
. heotares (1971.73) but it was 16,922,701 hectares in 195163,
There 18 a narginsl decronse in the area undor wintar irri.
guted rige, In the yoar 1971.73, the percentage of aren
under vwinter irrigeted pice to area under vinter rice wvas
35,3 per cent in Bibar, However, there are distriocts

whore wa9 an insoroase in the percontage of area under
wintor frrigatod riee to area under winter rice furing the
sars period (1072 over 1081.63), %The Oistricts wore
Patng (04,60 to 93,2 per cent), Gaya (97.9 to 99,0 per
cent), Ehahabad (87.0 to 08,4 per esnt) and Bhogalpur (75,9 to
to 81, 57 per cont), Uhile considering the ares unéer winter
irrigated rice to grea under winter rice we find that the
ares under winter irrigatod rice is delow 10 por esnt to
area under winter rice in the South Bihar Platosu 4during
the period unfer study, '

Out of 17 4iatricts, 10 Alsotricts show o negative

trend of growth rate in doth the regions of Horth and

South Bihar oomprising tho distriots of Shahebad, !Huzaffar.
pur, Champaran, Honghyr, Santhal Parganas, Hasaribagh,
Palaman, Thanbad, Purnea ond Binghhgum, Among the dtstricts
of which show positive rute of growth are Patna, Gaya,
8gharsa, Saran end Ranohi maoke a record of high growth
rates, Sinilarly is the case with the linenr gate of
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insrease of 114 undor winter crops of rice, vhere ahout
11 4istriots show o negative rates of growth in both the
regions of Bihar Plain and Bihar Plateau, The distriots
of 8gharsa and Purnsa exhibit a gain of 4,860 and 5,628
linear rate per ammum under vinter irrigated rice in the
period wnder stuldy (1061.73).

4,6,3 irea Under Summer Riee 1

Though, among the 4ifferent crops of rice suaner
oscuples vory less percentage (a; 18) of area but its incres.
sing trend is narked among the three erops, Hovever, during
the period dnder study, the area under susmer rice fn Dihar
has jumped from 4,355 heotares (1981's) to 69,628 heotates.
in 1971.73, Although, almost all the dlstriots have regis.
tored high inorease, Champaran has registersd the maximum
(304 to 77,096 hectares) and Phanbad nintnum (1 to 126 heo.
tares) Table.17. In percentage of ares also {under sunaer
rioe to total rice) Champarsn schisved highest (from 0,02 to
16.33) followed by Patna (0,02 to 3.62), Sahorsa (0,01 &0
2,90}, Shohabad (0,03 to 2,38), Monghyr (0,08 to 2,16) and
Gaya (0,01 to 1,78) in 1071.73 over 1981.63, 7The percentage
| o.,t area under summer rice was negligidle in 1061.63 but
after introduction of canal and well and tubewell irrigatiom,
sunmer rice has taken fmpurtant position among the other
sereals, Total 15 distriots have gained out of 17 in the
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ires under suwmer rico 4 to GAR and area undor irrigatod
sumer pice anft $ to area under suntep rice
{Avorage of 1981.63 anéd 19‘71-73) ,

196188 19773 1961.83 197173

Pistricts B fof ASR AR fof ASR O0XSR  fof AISR aXGR  fof AToD
{in hee) to MH {1in hec.) ta G&R {fi.n !ch to aaﬁ {10 hooc,) to 3R
Bihar Plain
Patna 8 0.0% 7700 3.82 1 - 10396 95,07
Gaya 1l 0.0} 73 .7 1 - 7969 93,90
Shahabad 198 0.03 11828 2,38 185 21,88 110 99.67
aran 453 0.21 1290 0,87 123 33.80 270 77.89
mmmatm ) 4 3? 0,02 77398 13. 33 13 - 15318 10,83
Hugaffarpur 87 0.03 984 0.31 1 - 887 £9.60
70 0.08 3028 2,15 5 - 2620 26, 50
Bhagn{;nw 28 0.0 883 0.58 L - ]37 94.70
Saharsa 246 0,01 5525 8.90 133 - 1150 20.90
Purnas 1188 1.18 4744 0.88 235 57,00 2447 57.60
Bihar. Rlatenn.,
ﬁahgual - |
ar§ 5086 0.02 752 0.19 2 85,22 403 53,50
Hagaribagh = 285 0.0} 25 0.35 24 - o204 97.80
flanchy’ 538 1.12 851 0.24 487 91.01 740 86,90
Palamau 84 0.01 137 0.14 81 8.50 137 93.00
Thanbad 1 0.0% 128 0.19 a - 128 99.00

S1nghdhun 242 0.02 806 0,18 03 80.59 489 .50
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yours 1971.73 ovor 1061.63, Only tvo distriots have regis.
terod negative vis. Purnsa and Banchi, 4nd the percentage
of ares under summer irrigated rice to total area unfor
rice in doth the Aistrliots has desreased in the sane yoor
an® thereby it reduce the area under summer rioce,

4.6,3,1 QOrowth in Area Under

Summer Rice »
' @n-aa)“"\

Almost all the 4istrists have expsrienced in arsa
undop summor ries during the period 1081.73, However,
the range of growth varies between 217.40 per cont {Oaya)
and 3,30 per cant (SBanthal Parganas), 8o far az linear
rates of increass i8 conscerned, only one Alstriot has expe.
rienced a negative growth 1.e, longhyr having «3,14 only,
then wo consider the compound growth rate of the state
(44,1 per cent) a8 a vhole we find that 8 Atstricts have
experioncod a faster rate of growth than the state of
Bithar's figure of 44,1 per cent, All these Aiatriots
(Zahle.18) are comparatively better off in irrigationsl
facilitics, However, ons exoeption is thers i,ea, the
d1stpict of Phanbad is alec above the state averags where
ierigation 18 not so developed, 1t foplies, in this onse,
that in the initial yeors vis. 1961.60..63, very small
proportion of land was wvailable for rice, espooially of
sunnsr rice, Later On, more area came unfer summor riee
vhich made this growth rate 80 high which brought thias
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Table « 18
Compound growth rates and linear rates of inerease

of area undor sunnmer rice and srea under irrigated
summer rice (1961.73)

Ama mm- ‘ Mo# un&er urigé-

sunmer rice ted sunmer rice
Msatriots = e - b :

Compound Linesr rates Compound Linear rates

geowth  of increase growth of increase

rates {00 hect/ rates (*00 heot/
- cﬁmm ennum)  (f/armum) annum)
Patna 148.7 0.80 216,60 12,08
Guya 217.4 20,18 209,70 10,27
Baran 10.80 0,92 20.90 0.98
Champaran 82,70 81.08 204,70 10.02
Hugaffarpur 42,30 1.00 118,20 0.97
Darvhanga 24,80 1.40 98,50 1.21
Honghyr 85,80 3,14 132,90 2,73
Baharsa 49,70 6,02 160,00 1.18
Purnes 18,10 3,32 - 66.80 - 2,87
BW‘W 24,90 0,21 28,120 0.22
Ranshi 6,00 0.32 5,30 0,27
pﬂmm 104-80 0.08 - 9.80 - 0.08
Thanhad 70.00 0.13 = 37,00 0.01
Singhbljun 2.90 0.4 21.80 0,40

State 44,10 137,53 51.80 87.02

-y , N po— —
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distriot in this group, Only two districts have recorded
loas in the avea under irrigatod rice vis, Purnsa and
Palanau, ' '

- 4,8,8,2

‘ the normal area of summor rice irrigated in Bihar
vos 57,601 heotaores (1071.73) dut the avea irrigated to
1t vas only 2,010 heotares in 1961.63, There 18 a signie.
ficant inorease in the area under irrigated swnuer rice,
In the year i@ﬁﬂﬂ the porcentage of area under irrigated
summer rice was 89,7 per cent. Exeept 3 districte vis,
Scharen (20,0 per cent), Purnea (57,6 per asnt) end Santhal
Parganas (83,56 por cent)in all the Alstricts of Bihar more
than %) per caont of susmer pice crea is irrigated,

~ The trond of growth rate and linear rate &f inorsase
is much ensouraging in tho case of sumnmer riee aropping,
A1) the dintriots show a posgtive rate of growth th than
S8anthal Parganas which 1s al9o positive wvhen linear rate of
inorease por angum 18 considered for the period of 1081.62
to 1972.73,

The growth rate of HIA unfder summer rice oropping
forn some Aistinot regions of high, medium ond low growth
rate vhich 1s more related to the regions of irrigation
from various sources, Patna, Oaya, Champaran, Bhagalpur
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ané Sgharsg reveals o high rote of growth of HIA under
summer rice a3 thesoe distriets are well sorved with lrrigo.
tion facilition of premnicl rivers of Opnga, Gandak and
Koss, The growth rate of FIA under this cropping 18 more
than 150 per cent,

The distriots of Shaghabad, Musaffarpur, Dardhanga,
Honghyr and Purnsa around around eaue Ganga and tridute.
ries of Kosi form a distinot region of moedium growth rate
of HIA 4in the rangs of 60 to 160 por cent, 4nong bhese
8sharsa and Honghyr oxhibit a region of medium high
growth rate, The 4istricts of Southern Bihar like Hazari.
bagh, Ranchi, Palamau, Thanbad and Singhdbhum vhich are
poorly served with tho perennisl rivers irrigation revesls
lower rate of grovth below 50 per oent as ompare to the
Horthern 4istricts of Bihar, Saran is the only exaeption
vhich show a linear rste groweh,

Observing the trond of linear rate of incregse ve
find Patna, Oaya, Shahobad ard Champaran are on the highest
rate of increcse more than 1,000 hectares of [IA per anmum
under summer rice cultivation, 7The &istriocts of Baran,
Hugaffarpur, Narbhanga, Honghyr, Bhagalpur, Baharsa and
Purnea form a region of medium rate of inocreass in the
range of 50 to 650 hectare of HIA per aanusm under summay
rice, The 4istriects of Southern Bihar 1like Santhal Parganas,
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Hazaribagh, Ranehi, Palemau, Thanbad and Singhbhum exhibit
a lower rate of linear incroase dolow 80 heotare of lmnd per
snnum under this oropping.

4,7 Yields of Ries

In append 9, £48.21 yields are given, taking initial
three years (1961.63) average and last three years average
(1971.73), Table reveals that there is an insreasing trend
in the ylolds of rice over this poriod, dus to irrigation
dovelopment in Bihar over this period,

The Aistricts having averzge yield higher than the
B8tate's average 780 kg/heotare (1971.73) are Patna (099},
Gsya (888), Shahabad (968), Baran (889), Champaran (802),
Hugaffarpur (836), and Bhagalpur (874). When compared with
the average jpields of 1061.63, it was found that 13 Afstri.
ote out of 17 have increased their yields rates, But except
the three highly irrigated &istriots viz. Patna (788 to
989 kg/hectars), Gaya (717 to 883 kg/hectare) and Shshabad
{775 to 068 kg/hectare) all the 10 distriots have not respon.
ded bigh change in their yield rates during 1961.83 and
1971.73,

The Adiatriocts sharing yleld of autunn state's average
681 kg/heot, (1971.73) are Parna, Qsya, Bhahabad, Saran,
Chanparan, Hugaffagpur, and Santhal Paerganas, Out of 17 Afate,
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dletricts 10 Alstriots have registered inoreasc in the
yiold of autumn rice in the year 1071's over 1961's, The
distriots vhich recordsd decreased in the yield of Bhagale
pnr, Sazharsa, Purnea and Ranchi, Rics grown in those
Alstricts, pursly on rainfed confitions,

| The distriets vith yleld of winter rico highor than
the state's average of 943 kg/hest. (1971.73) are; Patna
(1437), Gaya {984), Shahabad (11.87), Bhagalpur (1149),
Baharaa (961), ond Thanbad (087), Bight Adstricts out of

17 have recorded insrense in the yield of winter rice on
this two point of time (1961'as and 1071's), vis, Phtna

(1178 to 143? kg/Qect.), Oaya (1966 to 984 kg/hect,),
8hahabad (1108 to 1187 kgr/heot,), 5&1‘&!1‘ {29 to 881 kg/heot),
Honghyr (874 to 888 kg/hect,), Bhagalpur (1026 to 1143 kg/
heot,), Boharsa (768 to 951 kg/hoot,) and Benchi (831 to

887 kg/heot,), BHere if we compare With area of winter rice
we £1n4 that thesc Alstricts have registered lost in the
area but in the yleld thoy insressing the rate, It implies
that irrigation development loads in the rate of yiold £ig.fl,

The @&istricts sharing the yleld of sumuer rice
higher than the State's average 887 kg/hsctare (1971.73)
 are Gaya (881), Shahabad (932), Chauparan (9£0), Mugzaffarpur
(os8), Darbhanga {(1106), Bhagalpur (966), Hazaribagh (958),
Palamau (810), and Shanbad {92D), Out of 17 districts 12
@istricts have shown increasing rate of yield they are Patna,
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s

Gaya, Shshabad, Champaran, Hugaffurpur, Darbhanga, Bhagale
pur, Hazaridbagh, Ranchi, Palamaun, Thandad and Singhbhunm,

" Having analysed the yield of rics we oan conolude
that whatever tho irrigation devolopuent has takin placs
‘4in Bihar, has lead to yields of rice also, The d&istricts
whioh have rocordod loss in areas, they have inereaszed
their yiold pate, For instance rice in Patna, Ouya and
Shohabad, are grown undop fully irrigated conditions and
leafs the highest yleld in Bihar wheress in Purnea, Santhal

Parganas and Singhbhum hove the heaviest rainfall in the |
Btate but irrigation are negligidble, the yiold levels rea.
ched under thess confitions are however low,

Raving oxamined the growth area under fice, we now
analyse the change yield of rice in general and rice yield
in different seasons in partioulsr (Table.19 and fig,23).
First we consider the changes in average yield of rice,
ve find that the State of Bihar experisnced an inorease
of 0,70 per cent {compound growth rate from 1961.62 to 1972.
73). There are 11 4distriots which have also experienced a
positive trend, but only 7 4istricts have experienced s
growth which s more than the state average, The remaining
4 fistriots have recorded a growth below staoto average, The
distriots having significant change are Patns (2,70 per eent)
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Compound growth rates ana Linesar rates of increase of
average yield of Rice and &ifferent orops of Rico (1961.52 to

1072 - 73)
N N, " e i . ~ ’ , } .
Average Yiold of gia%ﬁ ug{ gmm ngi
Neatpiats Zield — futwmm Rice _  Einter Rico . Zumser Rige
| Cospoond Linear  Coumpound Linear wmpmna Iinear Conpound Linaar
growth rates groath rates geowth pates grawth raten
rates of ino. rates of inc. rpates of ine. rates of inc.
reass raaso : 880 . Mg3e
ga.va 1.7 0.02 4, 80 Gc{i'ﬁ 0, 50 «=0,005 24,40 0.07
hahaba#® 1. 70 0.02 %e & 0.05 =081 «,005 2. 40 0,04
Saren 0,80 0.0001  1.40 0.02  <0.856  $0.001 1,53 0.005
ﬁhmaran 0.18 02 0,30 0,004 2,83 »0.04 .10 0.03
Hogaftar pur D.59 0.01 2.19 - 0.02 3,37 =0.03 2e 80 0.03
Tardhangs 0.82 0.002 2N 0.02 1.73 0.02 3,00 0.04
Manghyr «1.80 -}, 02 2. 50 - 0.0 «0.10 «0.002 2.10 0.06
Bh&gﬂpﬁ’ 2.3 0.03 0.00 «(),0L 1.20 0.02 - 570 0.08 .
Saharsa 1.03 0.006 42 0.02  0.60  0.02 3.97 0.01
Purnes 2.04 0.02 -1, 49 «0,02 B 5 (3406 2,86 0,002
2 argasnas «0.62 «0,003 1. 50 0,01 «2.30 0,03 0. 10 0.0}
Hazaribagh w04 55 w0422 «0,02 «0.007 2,40 «0,04 2.60 0.07
Ranchi 0.05 0.0004 1.32 0.007 0.70 «0,008 0.89 0.009
P ala man 0414 «0,01 1.42 0.01 -, 52 «0,04 w0, 67 =0,006
Phanbad -0,84 «0.006 «0.28 »0,0000 «1.82 0,03 0.00 2.01
8 inghbhun «0410 «0.0009 0.40 0.002 D37 «0,04 3.30 0.03 :
8¢atoe 0.7 0.012 0.80 0.0007 «0. 012 3. 50 0.061 ps

«=(.80

oD
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followed by Purnsa (2,74 per cent), Bhagalpur (2,30 per cent),
Gaya and Shahabad (1,70 per cent), and Ssharsa (1,03 per cent),
In tho &istricts of Saran, Huzaffarpur, Darbhanga, Sinzhbhum
and Banchi the change in the yield is insignifioant, Wvhen

ve consider linear ratc of incrense in these 11 distriots,

ve find, that the incresse in almoat sll the Aistriots has
been positive oxcept Singhdhum whioh roecorded its value
negative («0.0009). The valus for ramtng 9 adistriots
ranges from 0,0001 (Saran) to 0,04 (Patna), While taking
into mwﬁat the 4istricts which have resorded a negative
sonpound growth are Honghyr (.1,00 per cent) followed dy
Phanbad (.0,64), Santhal Parganas {.0.62), Hazaribagh
(-0.86), Champaran (w0.18), and Polamau («0,14). The linear
rate of inorease in theso 4istriots has aslso besn negative
except in one district: 4.0, Chmaim {0.,02), Yhen wve oompare
the linear rate of inaresse in these Aistricts with stote
average (Table.19), thers are 8 4istricts which have expe.
rienced an inorease mors than State average. be find that
the incresse in yield has been experienced by those 4istriots
which have more or less better irrigational facilities,

However, it becomes more alear whon we consider change
in yield of riage grown in 4ifferent seasons, as yield depends
on many fastors for example maintenance of land, inputs and
water facilities eto, Therefore, it is not necessary that
the yield will be same for all crops of rice, Hence, the
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| grouth of yield of sach rise has baon anglyse separately,

There areo 14 4istricts which have exporienced an
fiaorecso so for as ylold of autuzn rice 18 conocerned, It
ronges from constant (0,00 por eent) in Bhagslpur to §,40
per cent in Shahabad district, It 19 quite interesting to
note the state average on the whole has a growth of 0,80
por cent for this partioular erop, Therefore, 11 Atstriots
have oxperioneed a change more the state average. There
are only three dlatriocts which have expepienced a nsgative
growth in a period from 1961 to 1073, these dlstricts are;
Purnea (1,43 por oent), Hazaribagh (40.02 per oent), and
Phanhad (.0.28 per cont), Uhile considering the linsar
rate of inorease in these disteicts , 13 bave exparienced
positive wvherens the remaining 4 inoluding Bhagalpur (.0.01)
sxporience negative rate of inocrease, It implies that autumn
rice is much more in practice inviting all types of inputs
to incroase the yield,

4,7.8 ¢Ch feld of Winter Rice 3

Bo far as the yleld of winter rice i3 conoorned only
gix diatriots havo recorded of positive change, 1t ranges
feonm 0,08 per cent in Gaya $0 1.5 por cent in Potna 4istiiat,
It implies that the yleld of winter rice 1is decreasing,
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Booause tho Btate average ha# shown a nogative growth (.0.9)
for this partioulor orop, Thorefore, all tho six Aistriots
have registerod a grovth more than the state average, These
are Patna (1,4 por cont), Oaya (0.5 per cant), Honghyr (0,7
per cont, while considering the linear rFate inarcase, only
four 4iatricts have oxperienced positive vig, Patns (0.03
per cont), Honghyr (0,002 por cont) and Scharsa (0,02 per
eont) and have recorded nmore than the astate avorage («0,012
per cont), Ue find that winter yield in practice is dccros.
sing during this perlod {1961.73), oven in Alstricts vhich
are having good {rrigational fastlities Dbecause, depending
on rainfall {(for this particular orop) farnsrs are not
irrigoating or they might have transferred to the other profi.
table arops,

4,7.4 Ohonge in Yield of Sunzer Rice @

There are 18 distriocts {out of 17) which have expe.
rienced of positive growth ns far as the yield of summer
rice is oonserned, It ranges from oonstant (0,00 per cent)
in Yhanbad to 50,6 per cont in Patna 4istriaet, It 18 Antere.
sting to note the state average on tho whole has a growth
of 3,50 per cent for this porticulanr orop., The 4istriocts
having growth in yield of summor rice hicher thon the state's
aversre are Patna (50.8 per sent), Gaya (25,4 per oent) and
Bhagalpur (5,7 per sent), OUnly two Qiatriets Purnea (2,88
per oent) and Palamau (0,67 per cent) have shown negative
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inorease in the produstion (1971's over 1961°'s) is eoncerned
13 distriocts have gained viz; Patna (267 to 299), Oaya (445
to 432), Shghaba? {493 to 543), Saram (160 to 174), Champa.
ran, Husaffarpur, Narbhanga, Honghyr, Bhagalpur (140 to 177),
Boharsa (85 to 111), Purnea (33 to 250), Ranchi (203 to 342),
and Singhbijun (341 to 384) during this periocd, The produc.
tion oij all the plateau districts {Santhal i’amama, Bagari.
bagh, Palamau and Thanbad) have declived in 1971's over
1961's, It implies that these Atlstricts have suffered from
the laok of irrigational facilities, |

4,8,1 Jrowth in Production of Hice 1

The significance of produstion depends upon asresge
given to rioce and yield of rice per hectare, Some of the
Alstriots have both advantages dut thetir density of popula.
tion 18 high, but soms of the distriots share greater acreage
and average yiold with low eenuty.m The latter is true
of lowland districts, Highland Alstriots have surplus where.
as the lowland districts seldom list as dcminating surplus
digtriot of rice except Champaran,

Tadle.20 reveals the compound growth (£ per annum)
and l1inear rate of insroose Suring 1961.682 to 1972.73, UYhen

12, B,P.84ngh and A Kumar (1070) « 'Honograph of Hihar'
Bharati Bhavan, Patna, p.41.
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Campound growth ratas and Linsar ratcs of ineraase of

“Toval praduction
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we Look at the table we find that the State of Bihar
experienced a growth 0.5 por gent growth, There arve

11 distriocts which have also reaorded a positive growth;

byt only 9 Alctriots have oxperienced g grovyth whioh 1s
more than state average are Patna (1.7 per cent), Champa.
ran (1,1 per centd, Husaffarpur (1,83 per cent), Bhagalpur
{3.0 per cent), Baharsa (4.1 per cent), ~Purnesa (3,61 per
cent), Banchi (3,0 per cent) and Singhdhum (1,11 per cont),
thon we contider linear rate of inorease in thess 11 Alstri.
ats hos been positive dut non of them are ﬁbm the 3tate's
aversoge (99,83), We find that the growth of produstion ho-
.baen recordsé8 by those distriots which have the growth in
area undey rice and nore or less batter irrigational faocili.
ties, That'‘s why the 4istriots of South Bihar only responded
negative growth,

4.8,2 Orowth in Production of sutumn Bice 3

There are 11 Alastricts vhioch have registered a po3l.
tive growth and the Alstriats sharing higher than the State's
average 3,5 por cent are Patna (4.0 per cent), Gaya (4,7 per
cent), Saran (8.5 per cent), Champaren (8,3 per cont) and
Baharsa (4.1 per cent), There are only six distriots whioh
i3 in south Bihar have rogistered nagative, HWhile analysing
the 1inear rate of incrsgse we find that only one distriot
Champaran {147,78) has experienced higher than the atate
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average (31.55). A elose perusal of the Map 25 reveals
that Patna, Gays, Saran, Champaran and 8sharsa are by far
the most important dAistriots which produce autumn rice,
Other distriets share its production but 4o not acsount
for greater concentration, The 4istricts which responded
negative are the distriots of negative growth mm in
ares or in yieid for this particular crop. For example
Shahabad have increased their yield rate bdut the area wnder
autumn rice has gono down, same in the case of Banthal
Parganas, Rémﬂbgg& ond Singhbhum, However, excspt Shahabad
these districts do not have good irrigaticnal facilities,

4.8.3 Growth in Produstion of Winter Rioce 1

o8 ve have seen while analysing the growth of area
and yield of this particular crops, it is decreasing and
it responded more oF less the sane pattern here also, Only
the 4iastricts which is having highest share in irrigation
have responded positive growth in both compound and linear,
The 2istricts having positiwve growth in profuction of this
particular orop during 1961.73 are; Patna (1.4 per cent),
Bhagalpur (2,8 per eent), Saharsa (3,7 per cent) and Ranohi
(1.5 per cont), Rest all the distriots have experienced
negative growth bhut out of 13 dlstricts, 10 have recorded
highor than the state's average (.4,35 per mﬁ,t) are Gaya
(«0,87 por cent), Shahadbad (.0,18 per cent), Champaran
(~1.53 per cent), Husaffarpur (.2,0 per oent), Narbhanga
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(0,968 per cent), Honghyr (.0.91 per cent), Ganthal Pargos
nes («1,08 per cent), Hazaribagh (.2,53 per cent), Palameu
{«2.97 por cent), Singhbhum (~1.11 per cent), Since the
area and yiold of this particular orops are #dsoreasing 1t

i8 quite obvious thet the produstion will also dscrease,
it fepends upon acreage given to rice and yield of rice
kkg/hectare, |

4,8,4 Orowth in i’wﬁmﬂm of Smmmr flee 3

The praﬁmﬂm of summer rme 18 now gamm ground
in favoured arcas of the 4istriots of the Otote, All the
d4istriots have sxperifenced an inoreasse 11: profustion of
summer rice (Tadble 20 ) from 1061.682 to 1072.73, Hovever,
the A1stricts sharing produstion of summer rice higher
than the state's average of 51.8 per cent are: Patns (183.2
per cent), Gaya (198.0 per cent), Bhahabad (78,0 per cent),
Champaran (92,3 per cent), !usaffarpur (53,0 per cent),
Honghyr (78,8 per cent), Bhagalpur (81,8 per cenmt), and
Thanbad (64,8 per cent) vhereas in linear rate of increase
no ons has crossed the State's average of 41,03, |

Hovesver, high yield better irrigational facilitiles
and liesure hours of farmsrs are soxe of the fastors favour
in the spread of summer rice in Bihar,

Considering the percontaje produstion of the district
to state total production the diatriots of Patna, Shahabad,



137
Saren, Champaran, Husaffarpur, "arbhanga, Bhogalpur,
Bgharsa, Purnea, Renchi an® Singhbhum are registering
gain in 1ts ehare in 1971's ovor 1961°s. And the districts
of Honghyr, Santhal Pargonas, Hasaribagh, Palamau and
Thanbad are recorded in loss Aduring this period, Hore also
the plateau 4istriots have ~ !-. shown nogative reaponse,

This bdbooomes more pronounced vhen we considor tho
percentage profuction of individusl crop (autumn, winter
and sumner) to total production in 1061's and 1971's, Uhen
we look at the £ig, 24 (vhich shows the psresntage share

of profuctim 1061's and 1971's of autumn, Vinter and summer
/ in Bthar), We £4nd that thers 15 an inorease of sutumn and
sumwer produstion and decresse in winter profustion., i3
ve have seen in the ares and yield of winter rice in Bihar,
1t hes shown declins, Hore also it is obvious to show
dccling in the produstion of winter rice,

groé!uctim Yiodel

4 model has been daveloped taking the production of
ooch individual year {for each #distrioct) to total avers ge
produotion of the Aistriot{for the period of 12 years), and
presentod in f£ig, 26 and 27, The figures which are in
brackets are the percentage of ares under irrigated rice to
total ares under rice, Taking the maximun and mimimum produc.
tion patio, ranges are caloulated, Therefore, an attempt has
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beon made to establish the fluotuation in production, It
is bypothesigs@ that &istriots having a higher percantage
of irrigatod area would oxperiense a leoss range im the
production of rice,

A aloso psrusal of Table 21 chows that ontire 4ist.
ricts ean be grouped as: |
{a) distriots having range Yetwsen 0,50 to 1,01
{b) districts baving range between 1,01 t0 1,00
(o) &istriots hoving range between 1,10 to 1.20
(&) datotriets having ranzo of 1,21 and above,

Considoring the first group of Aistricts, we find
that there are four Alstricts vis, Gaya, Shahabad, Bhagalpur,
and Patna, Bowwver, these distriots have registered more
than 80 per centhrea under irrigoted rice during the poriod
1061.63 and 1971.73, It shows that in these 4lstriots the
ratic of annual production to the normal production 4s not
high, The fluctuation from the normal production is very
Jow and 4t 43 4duo to good Lrrigstion fecilities,

In the second group of the Aistriots arey GSanthal
Pargonas, Singhbtfium, Champaran, Saharsa, Palangu and Honghyr,
Where Binghbhum and Honghyr are the exception, Bocause in
the diatricts of Singhbhum percentage of irrigated aren unfor ric,
only 8 per aent ond its range is 1,08 only, It shows that
rainfall is managing the range of profucticd , thereas
in Honghyr £ of irrigated area 48 53 per aent but the range
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Distribution of Aistricts in different ranges of profuction and
different clanses of irrigated srea under rice
{Muring 1961.62 to 1970.73)
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is high, It inplies that tho water management in this
distriot 13 not good,

s far as 3rd and 4th groups are conoerned, 7 Aistri.
ets have shown positive relationship, Thers are the Aistri.
ots of Bihar where the $ of irrigated area ride is very lov,
8o 1t 18 quite obwvious that fluctugtion in the production
will ocour, since rainfall 18 highly variadle in these
4istriots (except the distriots of Plateau],

Having oxamined the production ratio and its ranges,
£t can be sald that irrigation plays an iaportant tole to
establish the rice production since rainfall is erratie in
Bihar., 48 it is seen in figure 284 that a minimun of 28
por gant of arec under ricc should be irrigetied in ordsr to
roduce the fluatuation in rico profuastiog, Once the fluc.
tuation is méderated, introduction of other advanced inputs
¥ould be feasible and that would rise the overall production
vith the increase in yleld level, the arca under rice can
alao be reduced,

4,9 Conolusion i

Mnong tho rico growing State in India, Bihar has tho
largest area under rica, learly 13 por éent of the total
ares in Infdic oscurs in Bihar. In tho year 1072.73, 62,2 por
cont Of grose sovn aron vas undor rice, In sons districts it



ic o9 bigh oo 80 por cent, DBihor has alod the Aublous
Alstination of roocording tho lovont yielf in rice in Indiag,
in all tho plans it weo onvicagod that rrigation dovolope.
nent vould rofuce the ares unfsr rieo and inoroasa ite
704, |

Thero aro throo Scasand for plee oultivation in Bihar,
Tho ounmoe pleo {Garwn) 1o sultivatod during Haéﬁhfﬁg&&l
to duly/ August. aAutuan rico 10 grown 28 ralanfed erop during
Junp to October, Hinter rice 30 tho wost ioportent and grown
Auring Juno/July to Hovenbor/ Nesoubor,

althoush Bihnp Ototo Governnont and Centeal Rice Nesenr.
ch Imotitute howe poloased 14 improvof atealnz, tho poresntage
of rico aron unfor high fialﬁiag variotiss 18 only 93,3 per
cont, In tho romaining arce only rainfof tpaditionnl varie.

ties aro groyn,

In tho Gtate of Bihor, a8 o wholo, tho aros unfer rice
heo parginslly Aocrogsed, It wvos 5,22 oillion hostares in the
triennial overago for 1961.03 ond 5,16 oillion hcototes Auring
the poriod confined to tho Aiotriets with high poreontage of
irrigotod avoa. On tho othop han® in d4striets who:o tho
porcontone Of pgrodo irrigoatod opoa 45 Ia#tha‘seraage untor rico
hes Roerorood pg in tho districts of Champoron, Bhogolpur,
Scnérau onf Purnea,
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in oll 11 ~istricts havo oxporioncod o po3itive
compound grovth rates in grode eren unfder pise. Tho
compound grovth roto indicated narginal inereaso in the
rico noroage in twn Aistriets of the plain while dceronso
is noticed particularly in tho platena, |

ho perecontage of rico aren irrigotofd in Bihor vaes
33,17, Havovor, tho poreontago ares unfor $rrigotof rico
to tho grose arocs wdor rioo vos oore thon 80 per cont in
tho Alntriets of Patno (98,43 por cont), EBxoopt Palomou
an? Monghyr, othor Alisteieto ho€ loss than 30 per cont of
total aron undor rioo irrigotefl, In Dihar o5 o whole the
irrigatef rico has Goolinod Auring the porlod of study,
Tho Aintriets in tho platorcu, ond the distrists of Carvan,
tugefforpur, Bhegalpur oand Oinghbhun show g dcorocso in
irrigatofl arcn while the othor Aistriets had en inefoato
in the aroa wafor irrigatof! rice, Bsharso hod tho paricum
fncrocse in aren undeap Lerigotod riece 453 €0 33,723 bootopes,

Like tho grose area under rice, Alfforent crops of
rico oloo hove various rate of grosth in tho Aintricts of
Dihar, Autum rico, vhich conmstitutes only 6 per oont of
the totol rloe in Bihor, o8 grovn relatively on a larger
aron, The proportism of aron wifer qutuczn rico ¢o tho totnl
aron undor pleo 18 oaxinrs in Ronehi Aistriot (23,2), In
othor Alntricts in the platoow, 1t oharo 18 eomporatively
lecss, In tho plain fiotriets Joran, Chaoparon, Cahorss and
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Purnea, the'pnrﬁentaga iz above 10,  Autusn rice 18 moigly
rainfed, Arca wndor autum rice has inorensoed Aduring tho
stuly period, The increassd in aroas 18 marked in the
Ghampuran‘ﬂisﬁriuﬁ {compound growth rate dﬁ.ga‘ﬁa? cont),
Howagvar, # Alstriets have registerod a negative grovth rate.

Wintor rico 48 the major rice orop, somprising nearly
90 por cent of the total rico area in almost all the Adst.
ricts of Biher, In Gaya an# Patna nearly the entire rice
(99 per cent) 48 irrigated. Excopt Palamau Aistriot, in all
tho 4iotriets of plateau, irrigated vintor rice is very
iens, In goneral ares unfer vwinter rice no weoll 89 irrigatod
winter rice has marginally AecronSed, '

Sumner rice is very iasignitmam in Bthar, In most
of tho districts they constitute loss than 0.02 per cent of
the total area undsr riee, The highest itself i3 only 1.16
per cont in the Atstrict of Purnea, Huwiover, it 18 full
irrigatod crop and the area under sumoey rice i85 increasing
Yherever thoro 48 an increase in the irrigated area,

Bihar hns tho lowest yield of rice, 782 kg/hectare,
The increaso in irrigated rice had only marginal offest in
the ylold. Tho compound growth in tho yicld in Bihar state
15 only 0,70, Rathor 9 gistricts have rogistered nogat ive
chonge in 3rw£b rate, About 2 por cent compound growth in
yicld 1s vitnessof only in Patna, Phagolpur and Purnea



fistriots, WUinter rice generally gives a highor yiold,
Highest yield 15 obtained in Patna 1437 kg/hectate,

Averago yiold of sutuzm rice is 551 kg/hectare and that

of sunmer riaevia a1 kp/hectare, It i85 Atstrescing to
‘note that the ecompound grovth rato of wintor rice, the most
important, is negative., ¥isld of summer rico hss the
higheat compound grovth rate 3,50. It 18 very high in Patna
vhich has reglstered tho growth rate of 0.5,

Produstion of rico 15 intorlinked with area and yield,
The totel production of rice has ineressed from 4,4 N.T. to
4,8 M,Ts The yosr to year Aurstion of production from ave.
rage brings out that _ﬁn‘:h irrigated orea less than 20 per
econt, groater is the fluctuntion and fluctuat :I.mi gots roduced
with increasod in irrigated area,
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CHAPTRR » ¥
IRREGATEON alln RICE

In tho provious Chapter 1IX ond I¥ ve have dlacussod
the growth of irrigation cad changes in area, production and
yieléd of rice Auring the poriod 1961 to 1973, Sinoe rain.
£all 18 unreliable both in 1ts time of incedense and amount,
irrigation 18 the nost ivportont fastor which deternines
the rice cultivation in Bihar, Here, it 18 orgued that the
inter-Aistriet variations in the growth of rice sre mainly
dua to differaences in growth of irrigation, '

It 18 eclear from the table of compowmd growth rates .
and linear rates of inorcase (whioh ore tabulated in Chapter
1XX wnd IV) that iprigation leads to the grovth in ares,
¥iold and produstion of rice in Bihar, It 48 hypothesiced
that thero 18 a Airoct relationship botveon the irrigation
and rice ocultivation,

A comporative atudy of the 2adles of irrigation and
rice in Dihar chaptors shows that out of 17 districts 10 4ist.
riots have rasSponded positively, Distriots of Oaya, Shchabad,
Saron, Champaran, Husaffarpur, Dardhangs, Bhogalpur, Ssharsa, |
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Purnca ond Renchi have chown positive grosth in gmsal ond net
trrigoted aresc o8 well an gross crea under rice, average
yiold of risce and tobal produoction of rioe, Five Alstricts
vis; Honghyr, Easaridagh, Palanmau, Dhonbad and Stnghbhum
have shown decline in both irripoted arean, yield and profuc.
'um of rice, The renaining two districts Patna and Santhal
Pargenas have shown completely o sifferent type of result,
Thore 18 o positive grwthf&rrigatod area of Patna but nogls
tive growth in area of rive, Here, the permissidlo cause
- 48 that 4up to the inecrease in irrigated arsa, irrigated
erops other thon rice might have been cultivated, In the
distriot of Zgnthol Porganss there 48 a negative growth in
firrigatod sraa bBut positive growth in the gross area under
rice, This is only because of that Aistriet is heving very
low percontage (014 9,68 per cent and EIA 2,23 per cont) of
irrigated arsa, 80 &us to lack of irrigational faoilities,
farmers are 8till 4dspendont on rainfall, Thatt's why there
is only growth in area of rice not 4n the yiold and produc.
tion,

Thus, from the above disoussion Ve can omelude
that rice ocultivotion i{s highly affected by the developmont
of irrigation, Since rainfall 18 unraeliadble, an artificial
psource of watering 18 nocessary for thas growth of rice in
Bihar, It encournge the farmers t0 adapt more soientiftoe
toohniques o8 well a8 intensive cultivation, Irrigation
plays a docisive role in fetermining the cultivation of
paddy,
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It A8 clear from the above analysis that oonsidere.
ble variation exists in rice cultivation in Biher, in
attempt haon therofors bocn mads to gaslyse quantitatively
the determinants of rice oultivaticn to establish the funs.
tional rolationship betveen the rico cultivation and assce..
otated vsrisbles by means of suitable eorrelotion mebrix,
For this purpeso the folloving dopondent mnd independent
votiablod have boen chosen,

6,2,1 Tho ae

The nogt importont depenfont varinbles are avea under
yice ond yield of rico, Although the geosp orea under rice
and average yield of rico are tho nost signifioant conponents
of rice oultivotion, oo anslysie of tho varlatiomn 4in these
alone will not bring out the full fopact of frrigation on
rico gultivation 4in DBihay, Thucrefore these soaponents ave
subdividad into nmojor orvops of rioe that are grown fn Bihar,
Thus the following oight fepenfent variables are chosens

?“ s § of gross area under rice to gross sovn ares,
Y, = £ of autuun rice to gross ares under rice,

¥y = § of winter ries to gross ares under rice,

¥, © & of sumer rice to gross ares under riee,

;13 s Averago yield of rice

¥; = Tield of autum rico
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x., = Tield of winter rice
zg n Yield of suwmer rics

The data pertain to dfstriet lovol snd the ALLfp.
rences in tho growth rate of those variadles in the dist.
riots ore reloted to tho variaticn in the ocorresponding
growth rate in irrigatiom,

5.2.2

fhe oxplanation to the variation in ares and yield
of rice in the &istriots of Bihar during the period of
amﬂy has been aetamg;ﬁad'by correlating thes the faotors
on water., The cholce of water parametors 4oos not be little
the importance of other footops, particulerly of those pers
tofaing to improved technology of dultivation, 1ike the use
of bigh ylelding varietios and application of inseotieides,
Howover, the application of lmproved technology vill not
possible without an ascupred supply of water, Horesvor, tho
inproved technology it uned vory sarginally and almest in
the entire rice bslt in Bihay 8611l traditional pragticns
provail, aturally the orasisl paraneter, that affects the
rice cultivotion in Bihar continuss to be water, Decause
of 41ts poranount importance, zll the independent variables
chosen are related ﬁb‘ﬂ&%ﬂ’u

he vartables chosen relate to rainfell, water aval.
1ability index, aources aLr irrigation and the extent of
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irrigation developuent, The voriables aro 1istod ad unders

%X, = $ of Conal irrigatod ares to net irrigated
ares,
K, = Peroentage OF “Pgalt 1 irrigated sres to net
Arrigated area, '
g © % of Vell and Tubowell irrigated aves to not
irrigotod oros,
e £ of area irrigated by sther sources to hot
irrigated,
3‘5 = Annusl averane rodnfall (4n om,)
X, = £ of grose Arrigated area $o gross srea sown
Xy = 8 of total irrigetod rice £o gross aresn
undep rice, |
o UYater availability indox ( in o)
n £ of not Lrrigated area to net sown area,

Qﬁ fbﬁ

1% is generaliy accepted fagt that the denefits of
the new agriocultural stratogy Dased nainly on irrigation,
Thorefore, 1t 18 gscumed that irrigation 18 direotly related
to the arean under high ylelding variety wmnéd use, of chemiosl
fertilizers, GHore, the mmtége of irrigated area €O
gross orcpped area hod been taken a8 on explanatory variable,

Ginoe OIA s the total of 4ifferent sourses of irri.
gation, it necds to he smphosicod for planning purposen,
which one of these socurces ic more offective for rice csulti.
vation, 7Thus, the percentage of area irrigatod fros canal,



fank, Hell ond Yubewell and other sourcs to nst irrigated
area ars taken as indopendent variables,

Rainfall 3 r

Raiafall is the nost fmportaont factors for the growth
of rico orop, The ratinfall region as it effests the rice
oultivation 18 brought out in detall in chapter.iX, Here,
A brisf agoount is given on the rainfall dehaviowr during
tho study period,

Looking at the appendiz 5 we find that the annual
average rainfall for Bihar as a whole was below normal in
8 yoars out of 12 but 7 years have roceived equivalent ¢o
the normal rainfall, nd saze types of rainfall pattern ve
find in South and fHorth Bihar Plain, vheeesss in Bihar Platean
this pottorn was completoly differsnt, In the distriots of
Bihor plateau; we find exospt the drought year (1988.687),
in all years rainfall was either above the normal rainfall
or almost equal to the mormal figure. Copying with plateau
fiatriots, rainfsll is Lt&bly varying in nature in the 4ist.
ricts of Bihar plain,

4 close porusal of ths table-22 reveals that the
districts vhioh receives higher smount of rainfall (soe
fig. 4) have experienced higher wariation from the nogmal
rainfall, The Aaistriots of Shsgalpur, Honghyr, and Thanbad
have registorod more thanm 10 per cent rainfall from the
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normaly in nure then 8 yooro, vhereas the drought areas of
South Dikor platn (Ooya,and Shohadad) have notad oaly in
two youars,

Considering the last oatofory (below « 20 per cemd)
o find thot Shohabed and Hagaribagh have regoived below
26 por cent of normol in five yoare and Bhagalpur, Purnes,
Phanbod and Ofaghbhium bove Peceived in four years, It tmplies
that rainfall is highly varping in these distriots,

Thus, sineo rolafall is bighly varylng in oature 4%
is ossential to measure that ¢o what extont &t datoermines
the riece cultivation in Bibar, It 18 presuned that higher
the rainfall the more will be ares undor rive and 7isld of
rioo, bithin this context the psinfall 4 takem o8 an

infapondont variable,

in attespt hes been mafe in this study to eombine
rofinfall ané terigotion into an index called water avails.
bildty dndex, The {ndex {s expressed in roinfall asquivalent
1.0, in on, The coneept of water requirement of opop and
affective rainfnll are the Basis for oonputing the watesr
avallability index, In this oontext the foliowing assump.
tions are mafle

(&) The water requirement of orops equsl to the poten.
tial evapotranspiration (PE) during the growing
WSM.
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{H) In irrigate? ores the vater mauabxnw squals
to the PE,

(e} In unirrigatod a’ma the water availability equals
to the effestive rainfall.

{4} 7The total water avallability in o 4istrict is
oarried at by drrigotion, tho aanual PE Dy the
perocantoge of gross irrigated area and the effective
roinfall by the poreentoge of gross mn.irngaeea
aren,t

Thus, vator availability index is seloulated on the

rollw ing fmulm

HI o e .

whare, Hi4 = ion irrigated avea {034 . GI4)
014 o Gross irrigated orea
G54 = Oross sown aren

In this mmt;nm, PG values s enloulated by
f{,ﬁ.ﬁm, C,7,0eorge and X,3,Bamashastel iwm’? vas used
in this study. The monthly effective rainfall was computed
using the USDA method of rotio to PE, The sum of twelve
nonths effective rainfall 1s the annusl sffective rainfall.
This index thus would indicate the extont of water avallabi.

e e

1.

an ﬁ.puu.mMmmm es...n./u.g Bes 3t v..
fiew Telhi, unpublished, p.ldn.
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24ty better than oither roinfall or irrignted aroa,

8,3 Correlation Hatrix s

Here 15 ‘the anplysie of aorrelation botween the
dependont end the independent variables, The results of
correlation maotrics has been given in /Appenfites 10 to 2%,
Two types of analysis have been taken into considoration
in finfing out the cnusal relatiomahip emong the vardables,
whieh aore: |

~ {a) Timoc.series analysiag and
{b) Cross.section cnalysis

While analysing the former, esoh distriet has been
takten o8 o soparato ontity vhore bhoth the Andesponfiont and
tha depenflont wariables have beon asnalysed over o period of
12 years cmma to 1072.73), In the 1att¢r types of ataljl.
sis, all the #istPicts have been grouped together where
tho correlation has been done taking four years into ascount
separately and not in a period of over 17 yosrs as has been
done in the former csse, The correlatiocn coefficient has
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" been ealoulated on Karl Pearrson's formula, *

Por this analysis all the dependent variables have
been taken into ovnsideration separately.

5.8,1,2 Qross area under Rice

Yo have seen the relatisnship betvweon pross area under
rice and the indspendent variagbles, It is quite clear from
tho analysis (Chapter . III gnd 1V} that gross irrigated
area is significantly correlated with gross area under rice.
This(very much common in ten dietricts visy Patna (0.934),
Gaya (0.792), Shahadad (0.944), Baran (0.9244), Chasparsn
(0.676), Husaffarpur (0.598), Purnea (0.362), Santhal Parga-
nas (0,511), Banchi (0.400), and Palanau (0,705}, Also the
tuo ddstriots . TNarbhanga (0.450), and Honghyr {0,330), have
a positive correlation (ippendix - 10). The rensining 5

s

¢ The correlation cosfficient is gulculated on the
following Pormulas

(S &) q
”zaxa:-‘i%’*‘zAz

/ se2. (242 Vsa 2. (ca)?
| e y

where, i! = dsviation of X Sories from an assuned mean

3zm11ar1y 4_ rofers to detiaticns of Y series,
4 of the producst of Lthe deviations of X & ¥

a 2" = sum e{ the squares of the deviatim of
£ series,

d,a = Bum of the squaraes of the doviation of
¥ serios,
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aistriots toﬁt of & total 17 azéws.m} have a negative
ralaumhip or the gross irrigated ares have not a signi.
ficant fmpact on 'ﬂm gross aroa unfday rice in these daist.
ricts, Except the districts of Bhagolpur and Sagharss, the
ronaining 3 districts of these S aro in the platesu region
of South Bihar, It is also quite interesting to odzorve
that besidoes ‘gross frrigeted area’,; some other independent
variables like water availability index, rainfall, canal
anfd  tank irrigotion have deen eonsidersd; hut only one
f.0, gross irrigated grea has the important bearing on the
groga areas under. rice in all theso 4iotricts of Bihar, The
inpset of Rainfall has got the sosond opfler of inportance,
It has positive relation with gross agrea undor rios in as
nush o8 in 13 Sistriots, Hovever, it 19 significant in the
oase of 3 Aistriets vis. Huzaffarpur (0,638), Honghyr (0.818),
and fSanchi (0.839). 1t 1is therefore, interesting to point
out that dospite the dovelopment 4in the irrigational faoci.
1ities, farmers of aany of these distrists still depsnd on
rainfall so far as rice oultivation is concernsd, aAlthough,
the districts having highly and developed irrigetionsl faoi.
iitles, rainfall hes very low level of importanse, Those
fietriots are Patna (0,047), Ooya (0,068) and Shohabdad
(=0,007) ‘ote,

. The importance of canal, tank, woll m{euhwm irrie.
gation 18 quite significont a8 compared to other asurces of
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irrigation, 16 oight Aistpicts, the canal irrigation has
positive infiusnce on ‘gross aroo undey rice.' These diast.
riots arey Oaya (0.196), Champaran (0.110), Ssharsa (0.234),
Husaffarpur (0.330), Purnoa (0.118), Santhel Pargenas (0.118),
Sanchi (0.107), and Singhbhum (0,654), The remaining A4iat.
riots 4o not have pusitive sorrelation between cansl irrigo.
tion ond grose area unfor rice, 7The Cank firrigation has o
positive influonce on gross aren under rice in 9 4istriots,
smong these #istriets, Huzaffarpur (0,508) cnd Singhthum
{0.518) are significant at 0.10 per cont level, The vell
and tubevell ireigation have a positive eorrelation in
8 Afstricts . of vhich tho 4istrict of Palamau (0,0517) 18
significant ot 0,10 por cent lovol. Thereforo, t0 Bun up
1t ocn be Batd thot tho irrigation by sanal, tank, well and
tubavell ploy a dominant pole - 90 for 68 gross ares undop
rios 18 voncernsd, ap ovident from higher level, Dssides
jrrigation eaé arntlability of wator opr water availability
indox hao also bem considered tO Se¢ 4t3 fmpact on gross
orea unflor rice, It is having a positive correlation in the
dietricts of Shahabad (0,004), Baran (0,192), longhyr €0,091)
and 18 signtficont in Bazaribagh Astrlot (0.439). In the
renmnining districts, it bas a negative, rather no role to
play 80 far as wvariation in §ross ares under rios is soncer.
ned, However, net irrigated area 18 signifieant in the
ftstricts of Purnea (0,686) and Palaman (0.641), It has
also o positive response in tho ddetriocts of Patna (0,058),
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Bhahabad (0.216), Champaran (0,023}, Bhagalpur (0.100),
Honghyr (0.178) anf Hazaribagh (0.404).

Thus, pornissidble condlusion, vould bs that the
gross irrigotod avea ond the painfall have an important
bearing on the variction or tho flustuation eithep ‘gross
area under rice’, However, thoe faot renains that gross irri.
gated ares inoludes the irrigation dy differsnt eourcos
@.8. conal, tank, well and tubswell and the net irrigated
area, But, here also tho role of each of these elenonts
{under gross irrigated ares) ba® baen analysed separetely
to ansess 1ts individunl importance with rogaerd to 'gross
aren under ricet,

§.3.,1.2 Area under Autumn Rice (A4AR)

Rere the impact of indepondent variables on AfR
{Appsndics 12) has been analysed, Ve £ind thst net irrige.
ted area (HIA) 18 having maoximum relation with ARR thén
any other indepsnéent variables, In all, 11 4istriots have
s positive relatiomship betwesn 11A and AAR, Out of these;
4 Aisthiots vig; Garan (0,676)¢ Chauparsn (0.710); Mucaffare
pur (0.840) and Singhbhum (0,584) have a significont rela.
tionship, In remaining 8 aistricts (out of 17), there o
not oxist any relatiomship, rather 4t is nogative Yotweon
134 and AR, When we exavine the gorrglation between rain.
£all and SAR, wo f£ind that the Aistriets, baving a high
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corrslation between II4 and AAR, ohov either a very low
lovel or negative relationship, It implies that sutusmn
pice totally deponds on coaply nonsoon rain in all these
distriets, In this cotegory, tho eastern and platean
2istriets (Purnes - 0,929, Banthal