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A~JIOLOCICAL PAJW4i1'iRS AND HT.ORO.WTJUTIONAL 

MANAGEMlIRT PRACTICES ON RICE. CULTlVARS 

BY 

XJtlSHl'tA KUMAR. V. "-Se. (.t«.) 

Fleld qperilD.sta .in low land 1'10. were con4\lcUd 

duJ'.f.Dg Soutll w· •• t Mouocm 1985. North _t Mouooa 1985 

and Sw.er 1986 .eaaoDa to aWdJ th. iIlnueo. ot .. teoro­

logioal pU'8lll6tera and water NMpllllftt OIl ~ and yield 

of rice .. weU .. to ldeUfy tile facton ... apCllUllble tor 

differentlal reaponae between ....... 

lhe f1ra~ ex,pertIIeftt treat.nta couJ.ated of 

tortD1ptly treNlpl8ft~ <au. the and tty. dI&J1a& 

SWM 8}. NEM 85 and ~ 86, .... pecUYely) and total" 

1n'isatiOD lwela (ccmt.bNoua 5 GIll ........ _0.. 1'eOCKlP1a& 

5 011 .1IIMrs-o. _. two _4 t.bnHt de,. after cU.qppeanno. 

Of pGn4ed water). Ia tile aecclftd npen-t • OOIIbSaaUoft 

of vert-U .. (be) and 1n1pU. l ... ala (two) 1ft ea •• Vip 

_41wela of N (0, 75. 150 aDd. 225 kg ..... ') 1ft tale otber 



atrip were triM. '!he variny \lsed was IR 50 1a SWM 8S 

and ~ e6 aDd IR 20 111 NEM 8S ...... in tb. tiret 

uperia_t. 1'bey were 1ft 50 (V1 ) 11M ~_37 (V
2

) 111 SWf'I 85 

1M. SuaDer e6 aDd ~R_ 20 (V 1) IIft4 CO 114 (V 2) &a MDI 8.S tor 

the second .~t. Both the elllPertaenta ..... 1 .... 4 

out 1D a atrip plot ilealill' wi tl\ ttl .... replloeU ... 

P181'lt bei&tlt at hal"Ye.t was pOe1Uve1y correla~ 

to 1II1D1_ tellperatur. at vegetaUve phase 8bd IIetIft relaUv. 

bwld.d1 ty (m) 4t&rUg the wbol.. Irowtb perlo4. I.,\I at 

nowel'1ng was peait1vely COJ'nllatec! with SatearaU4 __ 

temperature dUring the vegetative pbaae. loth the .. 

characters were negatively corre1atec! to 801ar _erg 

source. at later pbuaa. 

In HEM ttle duration upto 50 per c_t nowerJAs 

was negatively oomlsted with atnt _ u.p.ratlare. l'he 

IIIIlX1auD I .SatlNl' temperature ratio had • pealUve 

auociat1on wi tit t'lowel'iDg dUraUOIl 1ft SWM ad au-r ....... 
'!be riplllJag period ~t1on was nep'tlvely oorrelaMd to 

.in ... temperatura of the .... parlee!. !lel4 nul""'.a 

Uk. tiUe<1 SN1n perc_tap, paniCle wiabt _d cle ..... of 

rlpenJl1g were &lao nep'tively oorNlated 'Id. tb ~ 

1:eIIIperature ~ repro4uctiva _4 rlP4lfda& phaa ... 



PeW.. pel' .2. sras.aa per .2. "an- of 

I'ip«'liftg and srdIl yi.U were po.itively ooJ'J'elated _tb 

80lar -eI'CY .CIIIU'O" dW'iftl tbe later pb..... P8b1crle 

we1&bt and tilled gra1Il pe"_"age were alao cornlatecl 

wltb 801 .. 1' "1'11 _OI.l"" at Ofte -tace 01' oUler. 

Influeace 01 RH WIllI aaaked e1 tber by .. 1 ... -U'SY or 

temperature. Tnnaplantlft, rice dl&l'ift, ~4 July (5WM), 

late Nov_bel' (REM) and late 'e'ttruar1 (SaMeI') ,.. Ueal 

for the reapective .... cna ift achiwiag higbar 114114. 

Plant growth and d..,81op-.nt .. well .. 11814 .,.... 

s1m!1ar under cont1ra.tDua 5 ca lIlol'lllael'pnce 01' recoupJac 

5 em aublllerpnc. Oft. day after diaeppeerenoe of ponded 

water 1ft "lII!': and HEM .... cna. In ,;uaau, bOwver, ell 

the .. charactera decre .. ed with aoJ.ature stre ... 

Sc.he4Ul1ag imption Oft. day after 41 •• peannce 

of water redUCe. the ",ate I' uae by 1" retNl. ti.a& 111. &reatep 

vater use .,llcitlllftCy. MolBtw"e stress ift aw-er redUced 

reaponae to applied Ii 8114 pe"_tap 1'eCGV'.J'J of N. 

Retum per rupee Oft water and N were hlp wi tb 1rI'1ptiOll 

giyen oae day after 41aappeannce of water. 

'fhou&tl paiCle welgbt. 1000 gra.1ft weJ.gbt and 

IlWIIliIer 01 fUled gnift lacre .. e4 upto 225 k& ha-1 loll 



SlIM -.4 Nat. Vut 11\0...... m plll1cl •• per .2 aDd grat..a 

yield wi tb I'f app11cat1oa wall DIal}' upto 150 kg ba-1 • 

Grabl yield "u lower dumg NtM ~ tbe oVutr two 

8eeIIOfts. Response to appl1ed. It aDd "''''I'D per napee _ 

N wu hlgh with 75 kg ba-1• Water wa •• ftlc1eftCJ. gross 

end net moo •• benetlt OOR reUo .. wen u "'WI'D pel" 

rupee OIl water".. high with 150 kg .-1. 

IR 50 u an early maturing and CO 44 .. a MC11wII 

duratiOl\ variety are preferable. 
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INTRODUCTION 



I. INTRODUCTION 

Today r1c. 105 the 3taple tood tor half to t .... 

thirda ot world's population and 8Ccounta tor one-tb1rd 

to half ot the daily caloric 1Dtake In l18fty U1an 

countries. Rice contr1buted almost cme-t.h1rd of the 

total toOd prodUCtion ot India (fIMacbanf1raft, 19at.) 

tram an area of 35.8 m1ll1on ha (Agricultural Jituation 

in India, 19B6 ) • Rice is, theretore, India's priftc1pal 

food crop an<1 any .1mprovement 1D increaaing rioe 

procbctivi ty would go a long way 1D meeUng country '. 

food problema. 

Al though rice 18 ccms14eNd to be • tropical and 

subtropical crop, best rice yields are obta1ned in 

temperate areu such sa Po Valh,.. Italy (4,ON), northern 

Honshu, Japan ('5SeN) and new SOUth (,alee, AwltI'alia 

(MoomeY and Vergara, 1964). ACCOrding to 1984 stati.Uca, 

the yiald per hectare ot ric • .".. only 2103 kg 1D India 

whereae in eo_ of the telllpflrate CO\aItrt .. like .Tepan and 

KaNa it WU IIOre tb.a 6 tonnea/ba (fAO, 1985). the 

dUferenca IIIa7 be ma1.ftl.y due to the ettect of oUaaUo 

00Ildlt1cma prwa1ltng in the reapect1'Y. rel10aa becau .. 

paJ"t1cularly in Soulltl Eut Aala about 60 to 10 par ceDt 

ot rioa is IJ'OWft duJ'1Da JllQUcon ..... wbe the Ugbt: 



SIltena1 ty 18 OI\].y 40 to 60 per cent 'thIIn that of dry 

Sea8Oft. 

Beat (1962) reported that the average aol. ... 

1'tldiation available during wet seMOn 1a the troplce 

18 only tlfOooth1rda of that available SIl • t~erate 

rice gJ'Owing ana. 5S1lc. solar energy caaDOt be SIloreulPl1 

art11'ic1elly 1 t 1!IIposea a celling on grain yield SIl .onaoon 

.euon. High te.., .... tuJ'e SIl thl8 .e88OD. e.pec1ally dW'lng 

niiJJ1t. 1a IDOther factor responsible tor low produCtS:v1 tJ 

in wet .eason. 

In trop1cal are .. only II few ~01' atw11e. OD 

cl.t.atCllogy have 'beer1 Cld'l'ied out. HOlMYer, t1'CIlII the 

available data 1 t can be uaume4 that PJ"OcSucUon 1 .. 81 

of a crop that i. ferUl.bed and 1llUPP11tKt with Mdt1cl_t 

water would 'be lIIa1nly dete:rm1fted by ollllate. '1hia .~J 

becomes ell the more iIIportant m the prea_t day aph.aia 

on mul tipl. CI"Opping 'becau.M 1 t haS to be gJ'01IIl Oft • 

rotational baa1a SIl IIDY period of the ,. .... 

Apart trom cl.lmatlc tactoN, yield of ri" 1. 

largely gcwemed by the interplay of h~tlonal 

and ,_tic facton. In la41a abolrt 60 per C*1t of the 

total available .lrI'lpticm weter 18 utll1Pd b)' ri" and 



IIIOJ'e tb.- 86 per cent ot tbe toW il"l"1ptiOa water ill 

Tam.U Nadal u 41verted tor rice CIUlUvaU.. 1ba 

proapacta of fl.artber 1J'acre .. e 111 'the irrigation pot_tial 

in Tamil lladu 18 remote .. a aatuntiOn po1llt baa be_ 

achieved in tbl8 regard. 

Coaaie1enble amDIIIlt ot _tel' delivered to tba 

nca crop 18 loat in tbe '"'41 Uoaal conUnuoua 1.nc1 

IlUtDargence ayat.- thl'Ollgh deep percol.aUoD. Beoauae 

of .t'looding about 50 to 60 per cent of _te2' appl.1e4 1a 

108t by c1eep peroolat1on tRed41. 19'76). Rice production 

could be made 00,.. ecClftOlll1cal it _tel', one ot tile major 

1nputa, 18 uaed 1II08t ju41cioualy. Suitable water lIIIAa8" 

ment me8INre. ot lliftimiaing water 10 .. throuafl 4Mp 

percolation 18 Ofte aa it 111 not related to prodUCUvlty 

(IRRI, 19~). Re4uction in deep pel'COlat1on could be 

achieved by rec1ucing the depth of flOOd.lng and tt-equ_cy 

ot irrigaUon. 

In co_d areaa, conaequillt to low atorap ot 

water ill the dam. during the crop .eason .nc1 lnten1t ... t 

water aupply, instead of cont1Jluoua aublaerpnca of t1elda, 

farmel'll re80rt to w14tm.1ftg tile pp betwean l""lieU", 

In tbU cODtext U&e tmowled.ge ot optiDlwa watar requu-...t 

of rica to pl'Oduoe opt.bua J1el4 18 vel'J ua.M to 

~ ,., " __ te water lIUpply end to the ru-l'II 
tor _ .... M I'II1a1ftg of the nee crop. 1he .ffeet of 



suOh cycl.1c 8Upp).y ot wa'ter haa DOt "-' atlla4.lecl OIl the 

varioua .. peete of CI'Op product.1on n.clWl1yely eo tar. 

lbough the 71el<l pot_tiel Of h1&b yul41n& 

dwarf indica rice cul tivara is much higher the tbat of 

indigenous tell 1n<l1ca. the key tactor tor exploratIOn 

ot this high y1e14 potential is lying In nltrolflDOWl 

tert1l1zera, which 1s gradually gett.1ng abort in IlUpply 

due to severe .era cria1a in the COUIltry. 1bia waI'I'IIlU 

eoonollisatlon of this costly input. 

lDvidmce eXiSts from variou.a CCNDtriea 1nc1ud1n& 

India to the etfect that naponee to nitrog_ 1a much 

more under dry and sunny weather than UDder rainy or 

cloudy aeuon. Ih18 difterence in N reaponae can to a 

certain extant be alBo attributed to lower p.ats and 

dis..... incidence, better water management practlcee 

dur1n.s dry .euon cul tivatlon. end. in the absence ot 

these tactors to the weather conditions theIII8elyea. 

Resul ta ot experiments fJIom IflRl (1982) suggest that 

an optl_ N application rate shOUld be baaed not cmly 

Oft the J.nhe ..... t 8011 tert1l1 ty 1..,e1 and yariety used 

but also OIl the BOlli!' ra41ation lwe1. 

Tak1llg eJ.l ~eae in view to uke 80UIId qrGaOII1cal 

.I!IItZl1pulat1oDa to 1ncreaae the yield ot rice aepara'te 

1rIY •• t1gatioae were CaJ'l'led out with the tollew1a& 

ob3ecUvea. 

/ 
/' 



1. To id_tify the weather pU'llllftel' re.ponaibl. tor 

the individual gJ"Owt.b or Yi81d p.,...UI' ot 1'1 ... 

2. 'To eveluau the climatic 1ntlueDCe Oft 11'1. .tqe ot 

crop growth whlcb contr1'buu. to gn1ft ,leld d&lriftg 

diUerent p81'1oda of the year Md clo ...... of tbelr 

relationship. 

3. To optilll1a. the use of water 8I\d fertilizer H Md 

H_Ufy tM eft1c1_t rice gtaOtype for difteret 

8eUOft8 ot cropping. 



II. REVI~ OF LIriRATUR~ 

<lb. pruent studi .. were oarftK _\ to "eluate 

the .ttect of weather paraeters on growth _4 yield of 

rice a'ld to arriye at a lU11:able plenti.ftg U.. bded Oft 

.,.,iJ'OlUDefttol factors an4 water management. A study 

was also carriK out to 88a... aeaaonal lIltluuc. Oft _WI' 

and nitrogen requirement of rioe ~r ita _xllIuII pl'Oduc­

ttYlty. 1'be review pertaining to theae aspect. are 

l'I'888fttec! below. 

2.1. Influence of weather paJ'8ll8i:era on rice 

2.1.1. ~lar energy 

S..,eral report. on the relaUOftSll1p betwen r1ce 

yield with enYiI'Cllllllel'ltal. tactora, partloularly l1s*lt 

eersy are • .,.llabb (MatlRUhlma, 1970, IIlara1:a and 

TOgari, 197'. Yoah1cSa, 1972). 

Stud)'iftg 1:be solar radi.t1Oft at 26 a1 tea in 

15 rice-g1"OW1fti c0IUD1:I'iea YoallJ.da (1978) NpOI'1:8 to 

ru.ge tI'OIII 50 cal oa-2 4-1 1ft ~r at 1'111 .. , IIl4 

Italy, to 700 cal oa-2 4 1 01' hlpr in Juu 01' July 

at Lla'boa. Portupl 81¥1 DaYle, Ca11tol'lllat u.s.A. 



Sola!' ene!'8Y 18 the Il1&301" goYem.1Dt! factor fbI' 

photosynthesl8 aDd bane. dry .. tter prodU.CUon (Il4P) 

and yield are depen4 .. t on solar radiation to • conal­

det'abla extent. lbe low 11gbt 1fttaalty \&pto l1owl'1ag 

in lI&IIr.U (1QUtOOIl BeUOI'I) 1IIpoeea • ce111fta 011 tUler1n& 

end redUce. ti"'1P .. compared to .a::alII. (Vekateawvlu, 1917. 

Venkateawarlu at al., 1 m). FI'CIIII shac1ln& exper:lllante, 

Sreedhal"lllll end Vamedevan (1981) report that .LAI 111 redUCed 

to a gNat extant in plante abaded e1 tha.. tI'OII plantillg to 

paft.1cle JDlttation or troll tl. ... r1ng to har¥ast. Sba41ftg 

alao caws.. death of raeny lower leave •• 

2.1.1.2. Intluence OIl yield attrUute. aDd yield 

~ate (1975) and YO$bida (1983) stress the 

importance of CONIidel'1ng the pbyalo1ogloal .tap of 

rice plant dft'el.opEftt ..tlen relaUDg plaDt re8pOllMs 

and t1Dal yield to weather factors. lDfiw;ftce of l1gbt 

1fttaulty on ptlD1cle prodUCtion (OBeda at al., 1m), 

and sra1ft t1ll1ng are reponed (YoUi4a. 1912 an4 

Venkat ...... lu e" al., 1911). 'leld etwl1e. at IRRl, 

Loa nano., nrvee1 a h.t.gn pod tty. ool'l"e1eUon of pata 

1IUIIber per .2 with "'01a!' radiaUon _4 ..... U •• 

OOI'TelaUon w1 th lIIftrl 1:eIIIpuatu.re dI.&r'S.nI 25 _. 'befOre 

tLower_ (IAAI. 19'74). 



Under low llabt lfttenalty pbot.oeJl\thetic rate 

and tnnlllocaUcm of pbotosJIltbatea to panle1 •• are 

redUced (Nay_ et al.. 1979, Fagi _4 r.. DatU. 1981 

and SI"Hdtlann and V 81118deY8I1. 1981). 

The _lar radiation requJre_ta of a :riC. crop 

difter t!"OII one atage to anotber. Low 1labt lfttenalty 

dI.lr.lng the vegetative pbeae Oftly, a1.1Ptly aftect tile 

yield and Ylald COIIpClDtlftta lIhoreu. dur1a& reproducU.,. 

phase III pl'ODClUnC8d effect on spikelet m&IIber l1li4. b_ee. 

s 

cm yield. Low salar radiation during the rlpeB1ng pbue 

alao I"edI.lcea the sra1n )'1el.d ccma1derablJ, 'He ... e ot • 

deCreue ill the percentage of t1lled cra1a (Yoabldae 1972. 

Yoshida end Farao, 1916). FJ"OJII h1a atudies 1ft texu 

.:>t.eael (1975) tlll4a the _at critical aunl.ipt raqu1rlftg 

periOd to be the 42 cia,. eenteNd aload the beading stap. 

IV.r1ng th1a periOd s mean yield l'8dIleUoft of 6.5 per CeIlt 

18 observed for eY8r"f one per CeIlt redI.letion til ao1ar 

l"8d1ation. 

Many reporta are available abol.tt the correlation 

between tsra1n yield and solar radiation rec-.1 yael dI.IJ'in& 

repl'OdI1ctlYe or ripen1llg pel"loda. However, the OI':I.Uo&1 

period of hisb 801tu' radiation requ1raeDt .,...,. 

Sold' n41aUot\ ftC.1"1ed ~& ~ ...... _fore 

and after f'lhe11.ftg (St.8I1ael.. 1966, MIara'Ga l1li4 "-1U'l. 
19"13) 01' one ___ ton harvest (<Il11dnl cad J--. 1967 



III'ld Yle Datta .s4 Zarate, 1970) or " daTa befbn and 

25 days alter tlowring (Mlatauahu., 1970) poe "porte<! 

to hue pOal U". intluenc. on grain y1e].d. 

At AI1U121urU, lIUft8b1ne dI.ar1ng. tlowel'iDg 14 

hlgbly t8VOUJ'able for enb8ftced. production .enea, at 

Co1rilbatore. aunahine in the week pnor to tnn.p1_UDg 

and the t'lIIO-weeks pel'.lod co1ncJ.d1.ng vi th the BJ'8ftd peI'.lod 

ot elongation aN not cOft4\acive tor better yield (Sl"Hft1-

vasan end Banerjee. 1978). 

1!'1'011! the data on monthly plllllUng. over a 10 year 

period. !vena end De Datta (1979) aug, •• t tbat 1rra4ience 

during reproducti"e stage ('0 days beton tlo'WU"1nc) 

appears to be as sign1t1cllft't to grain yield. .. in-ed.1ence 

dUrtng the I'.lpening stage ('0 days after tlovel"J.ftg). $" 
et ale (198') 8II.d N1ah1ya11e (19&.» t1nd that aalar I'&Il1a­

Uon during ripening stage to ha"e M&h co:rre1 .. t.1on wi ttl 

8I'8in yield. 

Looe1a 8II.d Willi ... (196') .. t.lllate a peullile 

growth rate ot 71 g .-2 cr
' 

1IIIl1cb 1ftd1catea • net war 

8Il4tI'S1 utilisaUon ,.t 5.6 per .. t. AooOI'UD& to JolteD 

(1976) tbe .mo1.ac,. ot lIOlar ndlaUoa for net pboto­

.,.tbea1a 14 a'bout 5.8 per .. t. Howwer, ~ sOl ... 

~l 



anergy uUliaation lis rice 18 •• 1'7 low and rape .... to 'be 

about 1.25 pel" cent to!' total l:MJ> and about 0.4 pel" cant 

tor eraJ.n J1,eld Uftde!' temp .... te eU_tea of lfAl*ll (~t 

1975). Ha)'Ub1 (1969) oba ...... .".np .ttiel_cJ of DMP 

OIl abaorbed solar anergy 'bu18 (au) to be 2.81 .. '.5' 

per cant en4 that OIl 1acid_t _el'g)' baala (Eo) 'to 'be 

1.42 - 1.71 pel" c_t. 

Fag! IIftd De Liatta (1981) notio. ttla' 1Ft 26 1a 

10 

_" .tt1ot_t than 1R 28 in ut1l1a1lsg solar l'IldlaUoa, 

JlaJ't1cularly UDdel" b1gh solar 1"IldiaUOIl ot ttl. dI'7 ..... 

plllllt1aga. AIJ 801ar radiation decreaa... 1R 26 1. 1 ••• 

ettident than IR 26 lis ut1l1s1ng.......m1a.. 'lb. ettloi_oy 

of conv.ra1on of photo.ynttlet1c 11gbt -VIJ 1e notiOed to 

be 4.6 to 7.7 p.l" oent for ttl •• arly •• uon cUlture and 

5.' to 7.0 per o.t tor the nol'llal .... on CIU1 tuN (SuIUkl, 

1983). 

Var1at1cm to tbe ext.t of UlN. and tt •• ttae. 

in ~ per c_t tOf' DMP (0.58 .. 1.64) and gJ'81a )'leld 

(0.13 .. O.61) ..... peoU.e1J. are reported by N ..... lnga 

Reo IIftd Mart,. (1_>. 

P'J'OlI tbe lltenaWl'e J.t appeara tbet • lot ot weft 

GIl solar I'ad1aUon ..re dOae in \.-pel'llte oouatrt ••• 

lioveV.r. under troploal OOUfttrJ.ea .t:wU •• to a li111ted 



utet U'e ava.U.ble troll InRI, PhiUpp.t.a .. IIf\4 CRRI. 

Cut1:ack IIIld 'm4U. Co1abetore. All the stu41.. IIbov 

11 

the ~luenc. ot 801.,. ra4iation 1ft .tacn .. 1n& tM &r&f,D 

y1el.d. Detail" 1rI'9'ee1,1&ationa ldtb newly wolv" pboto­

inaena1tive verietie. of rice ID1Itr t1eld. cond1tJ.ona -.n 
f.l].an1:" dUJ'f..n& dUr. ... t perio.s. of the ,.. .... are Jl8OeaaaJ7. 

AIIIong the cl1met1c taoton tbat aft"' the arovtb 

of rice plent. air temperature playa an 1IIportant part. 

lbe ".panae Of the r1ce plant to talpera1:UJ'e 18 aacb 110ft 

col!!plex and le .. UJldeJ'lltood than ita reapoD88 to da)' llllltb. 

Yoshida (1977) det1Jle. the aav1nHuDeftt 'UDder 1Ih1oh 

the IUe cycle of the rice plet CaD M OOIIpleted eIld 

v1th1ft the critical tempeJ'll'tunl 1"aD8e. 1t 1Iltluece. the 

rate of deV.lop..at of leave. arad panicl.. end. th. rate of 

ripellillg. t.befttlly de1;e1'lliaJag the duratiOJl of a .,eri.t,. 
und.r • &lV8Jl 8DVil'OJllleJlt. 

2.,1.2.1. Intlu_ce of temp.rature at vegetative stq. 

De Dat1la (, WO) attr1bute. low av...... yield ill the 

trop1ca to wana climate dur1Ilg early srovtb perSoda. Cbus 

8Itd. Varpra (1W2) attr1bute it to IIOre "'ptati .. fP'OW1ib. 

aato (1972) t1Ilde that 1»1' 18 favourably 1Il1lueoed 

by ~t taaperature re ..... ot Z·-ZO·C for IR 8 rice 



MId the leat area per pl811t .is hJ41 at 30·_Z:;·C. 

lU1!I at ale {1m; ",port 1ftcre_a in be13bt and dJ'1 

weight of plante at 20·C. 

IDc", .. e in tiller producUon and INIIMr of 

panicles al'!!! also reportee! at 25* -2O·C da,...lli&bt 

te~ratu"' (Wall, 1979). 

SUZUki (1983) ",porta a 1I1an1ficallt poaltin 

correlation between the mean t~erature and CQR at the 

initial growth .tage. HOwtlYer, with the advanceaent of 

growth, the correlation 18 lowenad and it tuma to 'be 

&.1r;n1flcantly neBlltlve for the period tl'<llll , to 6 we.u 
after heading. 

l~ 

2.1.2.2. Influence of tlllllperat:ure Oft duration of vegetative 

pbue 

urowti'l cmratioft 1a considered 1lIIp0nant e~ally 

'lllben aaaociate4 with _wing tiDe. 1'hla attain. Il10"' 

practical iapOrtance 1IIbere IIaIl Upl. cl'OPp1llg wi ttl abort 

duration varieties are to be taken. lb. dUration of growth 

of a rice cultivar detel'lliiD •• ita apecit1c a4aptabll11:y 

to the ... p1ar crop .eaGOn 1ft a giftn loeatiOD (ChaDg and 

Vergara, 1911). 

A dlJratiOD of 167 to 168 days 1ft ..mill an4 125 de,. 
ia. .IIiIIII:it for .. e .... varlety 1& ~ tty Cbatter;t .. 

et ale (1969). lb_y alao ONe"e tbat tWe1'1rl& period 



1" ,) 

l .. ted only for 40 to 45 days 1n raJAy .e88On .. 

against 50 to 55 4ays 1n dry cool a.aaon. 

Analya18 of t_pereture collpODent. IIbOv8 that 

!!lin1111U11l air telllPereture baa the _at negative coft'lelation 

wi th growth dUration. nus col"J'elation is higher tIlen 

with that of tC!lp8l'8.ture sumraation (Vergara .t sl •• '9'70). 

Kang and Heu (1976) and Chaul.1hul7 an,j sOdll1 (1979) "POrt 

extended vegetative .~ dUe to low t .. pereture. 

In general, !;rUn yie1d8 are higher when tellperature 

during ripening stage 1s relatively low en etlect attri­

wted to a 1lI01"e favourable balance b4ttw.., photoa)'fttb •• i. 

and resp1retlon during the grain tilling periOd. 

A sillJl1!icet negati v. correlation b4t_eeo yield 

and the min'.1111 temperature 30 vAI and • s1gnJ.t1ca1lt 

correlation between yield and mflxiDm t .. pcreture oval' 

the 45 days before u.aturl'tY are report8(\ by !-'. Datta 

ellC .anta (1970). OBada et al. (1m) notic. that low 

ta:;perature. during t!i8X1rItuII tlller1ng staga produce IlIOre 

paIlicle.. !A.Ir1ng the reprodUctive .tage, wl1tlin a 

tempera_re l"8ftg8 0'" 22* to ,1·C, the spikelet number 

per plant incre.... .. the t...,erature dJ'opa (Yoebida, 

1m). Ha also suggests that th& optlaal te...,erature 



't4mda to eMft troa hl8h to low sa gJ'OWth a4vano .. 

trom the 'Y.getaUye to the I'eprod\acUYe s\ap. 

Telliperature appears to 1Ilfluence ttle I'1p~ 

of I'1ce 1n two vaYII. "'1ret, low teperatun t8'lOUJ"ll -' 

increas. in wight per grain (l"Unlta, 1964) and second, 

the 18ft4!;th ot period 18 inversely correlated wUb 4aUy 

mean ~eratun (Yaaatava. 1962). lhua, pare1attDt 

cloudy ", •• tter conditions ",111 be IlIOn d.t.r1aental to 

gr-ain fll11llg UDder h1Ih tllllperaturaa because of a eh01"tel' 

ripeniDg periOd. ll'I'OII nper1Mntal J'elNl ta of 12 YfIU'8. 

at Pafttnagar ill Uttar Pradesh Huda et al. (191') 1ad1csta 

that higher meld _ ad !!!.lIIJ.mum teaperature dW"tns 

t1lleril\g, ear initiaUon IIftd .sturUy depreaa tbe Yield 

of rice. 

'lbe rice plant 18 very a_stUve to loy tapera­

ture aboUt 9 daya beton flo",el"S.:q (Satek •• 1916) ad 

hJ.gt:l temperature at flowering ("'atake aDd Yoshida, 1978). 

In a low temperatun Situation, both day end niebt 

temp .... ture eppear to atfect 8J)lke1.t sterility, A c1a1ly 

mean telperatu ... of leas thaD 2O'C .. y 1adUC. aterU.lty 

aDd a day u.. t.-peratun h1&ber 1:ban ,"C at 110Ye1"S.a& 

t1IIIe ilia)' alec incft.... spikelet starU.Uy. 



r,. the s1u41 .. OOftdllcted 1814..- ttl. AU lJIdia 

Coooon11nated Crop-W ... er SObeaIe. 3....u.vaa8ft (19'79) 

rinds the ttrYOllJ"abl. 1IIUl_ ~tuN 1'..-104 ftll' 

M.uthural ill !am1l Na. 1a troll 10th to 16. week troll 

aow1Ilg ancS tor Coila".to... ift 1'alllf.l Na4ll. the d(lll1f1c_t 

periOds ..... t.'le II1ftS-... tlllllP.ratu ... for fiv. weeu 
COlII!MIftCiIlg w1 th llovel'lftg end the Nld DR MilperatuN 

durSng Wl.riftg pbaa •• 

IntlulDC. of tltlllp4t1'8tu ... on sterility 18 repo1'te4 

by Chaudhary end SOdb1 (1919). lb. st.rilJ.tyl8 .'n,_ 
(12-16 per cent) whlll the .. an te.peraWre 18 27-2S·C 

du1'1ag :f'lowel"1ll8 whe ..... it 1a aas •• (:56 per cant) when 

the III" telllperatura av ...... about ,,·C. S .... _4 CadY 

(1981t) try to predict ylttld bued 011 IIOlal' n41aUon _d 

III.inJ.IIImI t.-peratw'e C1r.&1'1n! the ripen1ng stag. of 30 4aya 

after :f'lOWl'Sng. lb. pNd1eted yittld decreea.. by 

0.075 (0.0068) t be-1 tor .. cit degree 1ac ...... iIllliaJaa 

teapel'lltuN. 

2.1.2.4. InflulDC. of teaperatw'e on duration or ripan1ng 

pbua 

It 18 geerally sean tbet dlU'ation of riptlll.1q 

pbUe 1. lonpr.. ,;be taaperatura duJ'1n& th1e period 

1a 1OWI'. VerpI'II Itt ale (1970) report tbat lll.allua 

15 



rather tberl the he t.peratun haa the beat aegaU ve 

correlaUOI'l w1th flower1nt; ~rat1Ol'l of a varlety. .,i1th 

lower taaperat:ul"e the tra!18100aUOI'l or pbotu;patllet .. 

to the gra1.n take place at a .1O ... r rate _4 the .. writy 

periOd get 4elayed accordJ.ng to the obee"at:iona 01 

!Ioerma (1914). Bu .. et ala (19'75) noUoe expo ... re 

to low temperature $Iring active "eptaU"e period. to 

extllld the t1Iae of flowering. In tropica .. ere the ctaUy 

mean temperature range. 1'J'OII 258 to ~·c, $lI'8UOI'l of 

ripening become. about 30 daya afier the beg1nn1ft, of 

panicle .e,.genee (TomJ.cta and Han, 1917). 

To8hi,.,. (1981) obs ...... a 13-t!ay 4elay 1a flowel'1ng 

~,. each degrn cI.J'op 1ft tempeJ'llture ,"tv._ 24·C and 21·1,; 

in IR 26. Evidently high temperat:ul"e (both .. ld ... anO 

minimum) mel lower 41Ul'Dal "ariaUon 1ft tempel'aWre U'e 

IlIOn! conc1UCive for early flowariftg 1a r1oe. Tba a"erap 

floweriD8 $Irat.101'l of the varieUes ranged :tJ'OII ,a to 91 

days 1ft AUguat and Dec_bel' plant1J'lga, re.pecti"ely, at 

emu, ..:.uttack (5abu .t al., 1983). They find that the 

raUo of aexl ... J mSnlmum taaperawl'e baa • poe1Uve 

l'elat.101'l wttb _ration ot flower1.q. It .... that the 

ClOp flowe" earl18r -.n the 41ft_rece betv.. 4ay 

.nd ntsht teap ..... ture 18 ., .... 
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H .. t :N«pu-ent 18 gllleran,. oalCN1.ate4 .. 

degne 9,.. OYe!' a aJ)e01t1c periOd. A pal'Uoul.aJ' 

vari.ty wUl haYe • t1xed rtIflB. of tapera_re _tiem 

depeftd1llg OIl ita dUration.. Ille t«Iperature au.aUem 

indic .. of 14 Japee •• rice varieU_ tor tile period t1"OII 

IIOWing to tlOW8l'1ag range tl'Oll 1000 to )000 4...... cla,.., 
depeDd1Ilg on varietie., laUtu4 .. and planting • ...-m. 
(TOri,... et al., 1969). In ccmVaat to MIl,. taperate 

repon trial., ChIIlg and V.rgara (1972) "POrt tbat lR 8 

dO •• not app.ar to bay. • ftxed taIIpe.ra1:Mt"e .. _Uon to 

complete u. Ut. cyel.. ~_t.ra.t al. (1m) report 

that temp.rature ...... t1oa tor abOrt IIftd Mdi_ dUraUon 

vllri.U •• varied ft'OII 3000 to 3300·c .. d it 18 ,,ao·c tOI' 

lon.~ duraUon vari.Ue.. 131 .... at ale (1975) .at1aat • 

.. amount ot 2211.8· beat UIllt •• the lllJailul requil'.-nt 

fOr nower1llc; aIII01'1g the varietie. atud1e4. 

2.1.3. Li&bt x te!llpera_r-e .lnteraC't1on 

It appears that ~.n.ture in eollbinaUon vi tb 

li&bt inteui tJ beOO... an ~rt..t tecto I' tor rioe 

growth. L~t 1rateaity 1ntlu-'C .. pbotoaJDtbeai. 

....... t .... ratun affect. l"dP1J'aUon IIftd t.Jwsap1rat1on. 



Itacla et ale (1m) _4 Yo_iela .ad P&I"IID 

(1976) N!)OI't that solar radiation and t.-.penture dlarlng 

the reprodUctive etage (be~re tlowerl.n&) 1'1.". 'tha 

great .. t tnnuanca on rica yield bee .. e they detaraiae 

the _bel' of ep1lce1ata/.2• It. comb1Detion of low dally 

_en tampenturea ad higb solar rad1ation givee a hiIb 

yield. Venbt .. warlu at al. (1917) ft\Pla1n that tile 

."Pression of tmertns and p8ft1c1e DUIIMr are a Aulo­

Uon ot the eviror:ua.tt ma1JI11 cSoaIaate4 b1 11.lbt. witllin 

the rcmge of 20 to ,,·C .. an ....... tellpenturu. 

In generel it 18 seen tbat low ~entul'e 

acool!lpl!l\J.ed by brli!bt tlUftehSa. hours and high 801ar 

radiation during the ripening period a,.. h.lj:bly de81rable 

tor th, proper ripening of graJ.na. 

2.1.4. Interaction be~ tellpenture mld ftUtI'1_t 

supply 

Fl't'II atudJ. .. on the ettect of air tamperature on 

the orgeic and m1ne1"al. compoa1 tlon Of rlce eHCU1n,. 

UIldar variows ~t temperatllre rect.aea. ;o.to (19'72) 

!'tJli)OrU that tile ccmc_tnt1on of lIUleral el .... ". 

iftOr.aae wi til ria1ag t.-perature "gille. ...,t at ttl. 

h.l.gbeat redlIe (l5·_}O·C). lie notiON tatat tb • .lDbJ.blt101l 

ot N abaorpt1Oll .ta reIaaI"kabl. at ,,-.}O·C, Hoarb.lDo .. al. 

(1969) report ttlat ttl. accua4aUon of N -" oerIIobJdJ"aW 



1D eH4l.1ap i. l .. , .. t at ,1·C ail' t.-perature IIDCl at 

16 ec water t~rature. 

Grist (1975) 1'1It48 t.-perature ettect to M 

aost important J.a 1"etaJ'd1a& the uptMe of N. it it 1. 

below 30°C. Reporte t1'OII Tei .. (AftOn. 1976) h1J;bli8bu 

the fiDding that N absorption i. nataanl1y 41ftalWlt J.a 

relation to telliperatuN veriatiOna iD rice 8I'O.ua 
oountrt ••• 

2.1.5. Sol1 8ftd water temperature 

U there 1.1 always stC\d1ng water J.a the rice 

field frOm the seedling atage on'WlU'da and t..,.rature 

of the water in the tield acte more ettecUvely Oft the 

growth of rice than temperature of the air. '!he poow1ng 

point ot rice plent 1. un49J' water until two .... be:fl)re 

head1.ng and dittaNDttaUOIl ot all. veptattYe O!'Plle en4 

ev_ trut early growth ot reprodUct1ve orgaa& occur J.a 

water. 

TUlering 1.1 affected by the water taparatun. 

'lbe nwaMr of .arsJnl tUlera La h16hee" .... watar 

tatparature 1& ,,,-:o·C a't niallt 8D4 "·C ~ the clay, 

bUt tha optiJul teaperataare for ttUer HYelo .... t 18 

1 :1 



,1·C both day IIlCl ft18bt (Matauab_ et al., 1964). 

lllattachar7a _d De o.tta (1971) oblleJ'¥'e thet low ..,U 

2n 

temperature c .... the death of 10VU' leav.. an4 cblol"Oal. 

of upper 1 ..... aDd retard tbe DMP. Ho,,"er, pl._t 

growth eM greJ.a yielda are la .. t affaotecl by 10 .. ..,U 

aftd water temperature. during the periOd .tl'OII hea41n& 

to matuJ"1ty. The reau1ta of extealve study _y Ch_dbar1 

_4 CIlUdyal (1910) ahov that un.r d.eYalop_t 1a 

greatly accelerated at 3ZoC/ZO·C. A dw1aUcm of ,·C 

to the lowar al4e of '2·e/ZOoC, atre adYeraaly attaot 

the t1ller dfNelopll8ftt than a a1l111lar 4wiau.on 110 the 

lUgber aide. Befte:t1c1al eftaou of th1a t.perature 

regime on y1el.d obaracter1e:tioa SUOb ..... ,. of 

ap1ke1eta/plfticl.e. afns." sterility, bwl4Nd poa1a 

weight _4 grain yield 1a alao reported.. 

The ttlllperature of the water with 1IIb1ch rice 18 

lrr1,etecl baa e protound lnnuenc. on duration. ~ the 

taaperature of water 18 1S·C or 1... I) delay ill ripen1ft& 

of 7 to 10 c1aY8 J.e noticed (ADon.. 1914). I'lItIuseeII (1982) 

nporta that 4aily .. ., tepenatu.re in flooded 1011 1a 

2°C IIIOre t'l"OII tbe aurtace watel' to 5 011 lJe1o .... 11 

coq,anKl to aerial temperature. Sap.t al. (1tet.) 

obs....,. aD 1Dc ...... 11'1 water t.-perature ot 2-,oC 1a 



CCIltJaucNa n." au"!'pftce which OOIl\rl_t.. 10 

mere_lad UlleriDg. pedele aize _el gnU nua1iIer. 

2. 1.5.2. Innu_e OIl root U¥'~t 

Gl"Itwtb. .. d d.eve1op11Ctt of root ayat .. La alao 

eona1den.bly affected by DOll .. d water t'_'ereture. 

ChaudbaJoy _d ~lldyal (1910) noUoe NXf._ dry we1&bt 

of root. at bal"9' •• t when the t-.peratun La ,zo/zooC. 
Higher ta~erature til.. tb1a clWle II"Hter root ucey 

in wbIMrpd 8011. LwaIoore at 81. (1910) IN&INt th.t 

Uftd.r 8\l .... rpd coa41Uona. ullOa the oxyg __ ed of 
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the rice root aYllt_ 18 ... _t.1ally.at tbl'OUlb 'file 

_rial parte of the plant, !loll teaperaWJ"e rall- 1. 

most Ukcly to be. the doalnat eUph1c tao1Or 1Il1'luecJ.aa 

the root gJ'OW'tb. lnore .. e4 clegeuratlon of roota daae to 

variation in tearperature regt. frc. 21.1,·C to ,-r-25°C 

i. repo:rted by Iter at al. (19'76). 

'lbe .tf~ of water telllPe ... ture on 1lUtJ"i_t 

.beorp1:ioa by rice • ..ulaga clifter ..,.., clift.rent 

10N1. ~1wara _4 Ishida. (196,) report that Uae 

inhibition of abaorpUon 111 ~y .... re at 11·C 

tor phOapborUa. pot.ua1wa. altl'O,_. 1 .... oalct __ 4 



...,eat_ tfllr ttl. tint bo d8Il. after tawtaphnt1lll. 

'tIIhereaa at tUlerirlg 8tap, 841ftre 1ftbJ.blt1cm 000llJ' for 

pbospborua. potualwa an.cl oelei_ at iT-C. StuU .... de 

b, Chaudhary 8Ild 'b11d.yel l1970} Ul4ioat. ttl. 1ftf1wmo. 

of 8011 t~rature em nu'trS._t uptake bY' 1'10. pl,8Ilta, 

n.1trog-. pboapbo:rua and pot_atUII are all IIOd actively 

abeorbed at an av.ra.ge 8011 tellperature of 2fj-C. _4 tha 

uptake decre ... at ".. 21· _4 :56 ·C, In tbat .Mer. 
ThwI 1 t c.. be aeen tl"Oll th. rtlYl_ ttl.t ttla 

teIlIperature of so11 and wat.r u .. cI fbI' 1rr1,at1ftg ttl. 

CI'Op baa an J.nt1u-.ce em 1 ta growth oharacte... ed 

nutrient uptake. 

2. 2. I~1'fect 01' BOWtag/plllDting tu. Oft 1'10. 

raI'M'" nave toUild out cartain opti_ t1_ tor 

aowing or traDaplantlng of tile crop in a locatioa to get 

the 1ncreuec1 prodUction. Otten It delay of pl-t1IlI 

caws.. conalderabl. redUction in yield. 

tha atudi_ by "lnha at ala (1971) _4 Miara an.cl 

Iban (1973) ,,"eal. ttlat ttla late IIOWIl rice crop paerally 

IIbova redlaced growth, dWWpMftt an.cl v1pu:r. 

Ra..3~- et ale (1m) Nj)OI"t tbe 11e14 

pertorunoe of __ IMI varietie. UBd.er cU.tter.t 



dat .. of pl.-tifta at Colabato ... , Tu.u N". 'l'he crop 

pl._ted. 1D Jim • ..-ral11 baa hlaher nuDer of poa1n.a 

and s1'OJn weiB1t .. compe,re4 to Oo'tobel" II01IIl crop. 

S1llilar reeultll .... reported by :o~J'III'Ul et al. 

( 1 ~'J) t'I'ClII Kametalla. 

Seed1Dg em .TUlle 15 pl"04llO .. a18ft1tlc_tly hlper 

sra11'l yield .. coapare4 to "wiDl em July 25 dId'1Dc tile 

.ImII:i.t .... 011 ot both 1975 _4 1976 (01:d.t _4 SJ.qb, 

1900). :'>1DIb 8l\(l Paliwal (1980) rr. 8OWS.D& u.. 
uper1aent report that the cul Unl'8 Ch .. bel _4 IR 8 

give the high •• t y1eld __ ..,., em ,'lay 26. l'be yield 

reducti. tor tile :t'CNr subeeqll_t aowinp .... 1.2. 7.1, 

21.6 and 44.6 1).1" cet in Ctlambal .u1 in IR 8 eown on 

tiU'ee date. st"ter Jun. 7 are 16.S. ,'.6 and 51.1 pel' cat, 

rupectlvely. 

ReIlUl til of exp.J'1l11Du CODducted at ~lMII'f 

'Iull Nadal, ebOwa that aowing em June 6 Ii." • yield 

ot 4056 kg be .. 1 with the yield re<lUcUon ot 9 per cat 

ant! 14 pel' cant 1ft the aubaeqll_t aowlftga (ABoDe, 1980). 

lA.tJ'1.ng 1980-81 818ft1!1cantly h1a,be1" yield 1a 01rtaiae4 

14th aoving OIl June 16 (AnOIl., 19$1). 

21 



'l1le 'beet u.. tor 41l"eOt .ee41ac ta ~.b 18 

between I'Ia7 to .tINt week of J ... ( .. tap _4 Gus. 1910). 

UrIcurkaJ> (198,) I"WPOrte opU_ Jield tor th. rice 

Variety, Aaba __ 'h'8Ilaplant.ecS _tw-. 11 _4 21 July. 

lb. water WI •• .tttc.a.ency tor poa1a yteld U hipest tor 

ric. tnneplanteci _\we. 11 and '1 July. Maobhl.t al. 

(1984) tJooa Naraari 1D Ou.jvat report the hlp .. t J1e14 Of 

6.~ t ha-1 !lib. tJ'llUlplanteci OIl JUIl. 20. N~y 
(1985; noUc" 22 per o_t 1'eciUet10ft 1D Jield at '1'hanj&'VUJ' 

..m., tranapl.tlng 1a delayed by a tortn.lgbt tI'OII JUil. 14. 

'<lee 1a ba1n& cul.Uvateci 1D dlttennt ....... ill 

diUe,..,t parts of th. COUfttr'y. 

ChIIldler (196') boU. the op1a1oD tn.t _y rioe 

varteU.. reaponc1 to nitros- _tWI" 1D dry ...... th. 

11'1 wet .e..... Ch&tte~ .. (1970) has maU obae"at1ou 

01'1 tUl.r1ng ill ,. _bar of ver1eUe. of rice 1114 ttada 

that 111 reiny.euon Ullel'1ni 1s oont1Mled l'Or ItM, 

daya, ..mere.. 1D dry .... 01'1 the duraUon 1a 50-,' clays. 

V IDkateswvlu st al. (1916) report high plll1cl.. IMUe,. 

ill DIli. ...... tbWI being retI!'JOftSibl. tor hip 7f,e14a 

ta this seaaon. 'fh j _ber o.t plll1cl.. go .. upto 500 

1ft J:Ml ..n11. lt u 01'1l1 400 1ft 'IsberU • 



Sabu 1M ~ (19'76) NpOrt tbat U4P .ad 

grain yield .... 1avariab1y lowr by abeut 50 aft4 ,.. 

pel' Olftt, "apeoUve1y, 1B W't (Jul,...oct) th_ 1B dry 

(Jan-May) a.&IIOIl. SUder Iftli Gupta (19'79) report _ 

overall. l"8dUcUcm of 44. 5 p.r Olftt in grain yi.14 

cIIlring lIbK.U COIIIpU'8d to .&:U.1 season tl'Oll Chtnaurab 

in WOllt Beftgal.. 

f) ,- /' 
~.l 

'!'be practice of 18ftd sw.81'I8ft0. 1n rioe au1 Uvation 

.t.s widely adOpted eltbougb .ttaapte are Md. to econoa1 •• 

water usage and muiai •• yield by el teraat. wet't1Jl& an4 

dry.t.ng and such otber water ~t practice. 1n .... 

Place •• 

Many repone are aYa1lab1. OIl the auper1Ol'ity of 

continuoua llU~e over other methode of irrigation. 

ShIU"llle 8ftd till (19'76 j report thet tor a_4y clay 

lotllD aoU. the ",.ter level ot 4 em tIll'O\llbOUt tn. growing 

period 111 the be.t .. pechlly __ th .... porati .. 4eaIad 

of tile .taoaphe" 18 hi8h durlng the gra1B tUlSng at .... 

IJban (1919) 'tIIbJl. ~PCUN.1n1 tile water ......... t pl'llOUoea 

tor rio. in Uttar Pra4eab reporta that 5 .:t , - ............ 
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~t. tb. growtb p.riod pYa ... rqe JUl- ot 4.69 
t. .-, OOIIpaNc1 to 4.1' t. be-' -..beD ___ .tDOa al.temated 

wlth aoU .atuet1oB at 25 day mw"ala. 

IlVtbararaj aM i10rachm (1980) oonliN tbat y.telcl 

sa lower 1Ib_ 8011 1e •• turated Ol" calt.mately 1N .. ,...d 

and dl"1ed tOl" 4 Or 8 daya and ooftelud. tbat ..... r ... o. 

wi til , am 1. MCessary tor hi8bel" yl.ol48. 

WIlen rice variety J.,. 18 «J"OWIl a! tb.r OIl -.4y 

loam or 88DCly clay 10_ &OU 1t 1. noticed ~t a 

cont1nuoua ahallow ....... rsenc. ot tbe eoU 1e tb ...... t 

to recor4 h1gher ,bId. CCIIIfJOMftU _d. yield. (1.rlalmIt­

l!I.Il"'tby et al., 1980, PUla! and 14, 1MO.). SoU 4J'y1ng 

dOlle at 2 and 5 ..... atter tl"llUlJ)1ating yield lOW!' t.baft 

that of eont1nuOu&1y 1l"r1gated. (KbJnd ... 4 ~ 

1981). IJTigat1llg rio. orop to 5 em submergence 

at aaturation giv .. higher yiNld tha't 1n1aaUon at f1eld 

capacity (Ro)'ObllUdbury et al •• 198'). 

Su'bnlllalllan lit al. (1918) an4 K.atare _4 UpadhJaY 

(1981) report t:b.at .che4uUns 1Bterd ttent lrripUoa of 

, em __ eraenoe to hall" l1Be crack (0.3 .ta> 18 .. pod 

as cont.1mlou.a ."'!'gano.. S'" at al. (1980) are of 

the op1a1cm t:b.at oont.lmlOua _~. 1a not .... tiel 

to get 8004 yield of nee. After .. tab118bM1lt ll'1'1gation 

OCNld be 4e1ayM tor ... pel"lod tor 11M laftltrattoa of 

pGIl<te4 watar wl1alllln _, yS.ta1d 1 .... 



PIIlda .10 ale (1981) report that rio. y1el11 are 

comparabl. _. 110 111 1rrigated 5 .t 2 011 ."I'Il". 
~t th. growt.b 01' wi til _ ..... 0. dUrlIaa 

tUlering period aft4 IOU eaturat.1on -mrina til. otller 

growth periods. A zoeduOt.ion of 130020 pel' 0_10 1n tile 

water requJr __ t 1. not.iOM with ttl. latter tre.1a.t. 

~ rioe 111 gr'OIm UDder UIlfel't1l1zec1 condl t.1ou. ., 

IOU dJ'yiftg during the gJ'Ow1ng •• &IIOft doe. not redlao. 

rice yield.. ifowe¥er. _en t.rtUlze4 wi tb 100 01' 

200 kg N he-1 alternate t'loo41ng 11\4 drying rea&l.t in 

slgn1.tlcent depre.slon in grain yialc1 (Sahrawat. 1981). 

~bramaJUan and Thangeaatbu (1981) sugge.t altemat. 

wetUng and drying to get good 1'10. y1ald. 

Dcmgal. aft4 Cbav_ (1982) augHt that tor rioe 

VN'1ety Jay. cultivated in alt1aola. the opti&D lI018ture 

regi_ 18 eo11 .aturaUon. 'lb. growth. cleValop~t enci 

Yield of l"10. dO not vary betvHn contlmaoua eulllleZ"C_ce 

and au'burgenc. to .aturatlon (Reddy. 1985). 

2.4.3. Infiuenoe ot trequcmoy (interval) of lrriptlon 

') ,~ 
",I 

Sabu 8'D4 Ratll (1972) report that COftt.iftuoua 

au1:lllerpnoe 18 not nec ••• U'Y in atDciy 10" .. U. of Ori ... 

and 10 CIII au"rpIl( It at an intel't'al of tour daya 18 touft4 

to be the beat tor control ot necIa. hi •• r yielci _d ae't 



profit. The reducUon in yield 1& 11.6 anc1 21 per o_t 

.. the ~y 1e Nised to 6 _d 8 da,., r.apecUyel1. 

Cont1ftuowl lIUbllleJ'Slftce and IJ"J'igaUorut • day a1'hr 

infiltration ot ponded water gives comparable gra1n 

yleldG ot r10e (Sandhu at al •• 1900). As t1Ie intaI"Yal 

betwelll'l 1D.fU tnat1cn and 1l"l"igat1Ol'l increase traI 1 to , 

days or more, the yiald decline. by 8.1 to 11.6 q ha-1_ 

Jba et ale (1981) conclude .n-om CRRI. CUttaOk 

that scheduling 1 ell lrr1gatiOl'l 2 to , days atter 

dlallJ!pearanca ot water reaul t ill equal yield. to tbosa of 

contJnuoua or partial needing. Il"l"1gaUon Upto a depth 

ot 5 .1 2 em onea in a week 1n rotaUonal system do .. not 

s1gnlllcantly atfeet grein yield (PhaID 51 Tan aD4 PUlu, 

1981 and Afton., 1983). 

:':xper1aelltal reau1 ts tl'OIII 88D4Y 10_ aoUs at 

Chala1NcSy, Karat., augaat that irrigation c_ be wltbbe14 

fJ'OIII 2 to 5 4&,. af't,er complete lntU tration of poaded 

water (Anon., 1983). However. A,1u.1a at al. (1984) fI"OII 

Ludbiana, Punjab o'bear¥e a 11.6 pel' c_t reduction ill 

... yield it the 4I"I11nage period 1& 1ac ..... ad troa one 

to three or lION days e1 that' ~t Or • part of the 

jp'OWth ...... 



'lbua. it i. • •• tbat IIII1Y I"tIpOI'ta are pallen. 

GIl the trequ_cy or lnte,..,al of 1rr1pUou. A geeral 

tendency noticed 18 that .. the lnte,..,al mc ....... , 

y1eld 4eclifte •• 

Root .,.t .. 18 COllpact end horizontally devaloped 

under submergence lIhll. U1ld.l!lr continuou •• aturation or 

saturation upto lIIIlX1mum t1l1er1ng or tl"CIII 1IWt'·.1I t.Uler1ng 

phaae, the roota d .. alOp IIIOre vertically hum, deep 'brown 

ecloul'8tion (Raju and Vanaa, 1979a). 

Kata" end Up_dbyay (1981) report that l .... t 

roots are noticed 111 irrigating at field capacity. The 

contiDuoua aul:llleJ"88DC. reeul t into tol'lllation of abort •• t 

roots with 1 ••• we1~t per plaDt. Drought tolerance in 

rice la characterised by slow rate of at_ eloant101l. 

low to moderate t11ler1ng, • predom1nantly large and thlok 

0J'0'IIft ed tairly deep roots (Raycbadhuri _d OIipta, 1981). 

InorpDlc nitro,,_ tranat .... t101l .in the 11011 is 

3I'Mtly .1nt1uenced by al temate .. rob1c and an .. roltlo 

CODd1 tioDa bl"O\llht .. bOut by 41ft.,.t ayet_ ot watar 

......... t. ~J'UIIIl (1965) _4 Patrick IIl4 



I'IIIbapatra (1968) 1\lm1ah excellent revieva on the 

availability of plant nutrient. dUe to tl004111&. 

Patrick and w,.tt (1964) t..- their iaY .. U .. Uou 

on 10118.8 ot nitrogen from rioe soU. ... NIIUlt of 

al temate cycle. of submerpnce and dl'71ng obaerve that 

the 10a.e. account tor .'bout ., 5-20 per cent ot the Mil 

Il1trogen. Peteraon aftd Patrick (1968) reoo __ l1oo41n& 

:iIl 

ot the rice fields immediately after t_rtUizer application 

end lII&1nta1n1ng shallow IIIlbllergence tor achieving ."'ability 

of added nitrogen aftd its etfeetlve ut1l1aat1on. 

'!he nutrient COftt8ftt or plants growing 1n ".erse4 
and cyclic su1:llergerace cond1Uou 1a s.-rally hlab_r tbIID 

in cyclic wttlng cd dr'ying situations (Pade en4 SJaab. 

1970). YOIIhida and Padra (1975) DOUce the upt._ of 

fertilizer n1 trogen to be the hia;heat 1n plants gI'hD 

under subllerpd so11 condi t.1.ons. S1la1l.ar increaae4 

uptake of nitrogen and phoaphoNs due to .. baerpnce ere 

reported by Pathak _t Ill. (19ao) aDd Kda44t _4 Senar 

(198). However. i'IOtur1 (1977) repoJ"ta that the rate 

_d total upteJr,e of nutrienta are hia;her 1n plata \84_1' 

BOil sat\lr'atlon betweea Jaitlal t1l1er1q .n4 .. zt._ 

tillering -.4 8Ulae~ gene_ upto tlowerlllg. P11la1.n4 De 

(1979 and 198Ob) observ_ that the total N. P20, e1I4 1.20 
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up1:eke are IIDre by 1,., ~,o and 10 pft" 0_1:, napaoUvely, 

under- contimJDua 1Ihal1ow ,. CIa aubmerpnc. ca.pared to 

oJOl1c au ... ...-o.. Th. IOhUlr 1a elao benet1oJ.al 1a \e1W 

of N ua. .ttlc1ency and N reapcm.. by the 1'1ce orop. 

Pat.l .. t ale (1984) indio ate that Hen tatlov 

values of !II and P are nighest in oont.l.rNolaa dra1fta&. 

tQUoved by DO dn.1ftag. and tlcodiftg tollowed by 2-tmet 

4-day d.J'a1nage. In1'lo. value. ot l( are loweat 1ft no 

dre1ftage. Ho..,..,.r, Pllftd. IIftd Adak (1971 j notice that 

during the rioe growth period more nitJ'O&en 18 1081: Uftur 

ccnt1JNous subalergence t!1en 1.l1li4.1' saturation. Reaul ts of 

oper1m_ta by SalU'aYat (19CiC) abow that lliftanllzatio1l 

of eoll N 18 anhanced by th" tlood.lng Bftd dJ'ylq trea~ta 

'both under aerobic and noo":'ed oondiUou. The ftitl"1t1-

catJ.oa - 4_1v1flcat1ol'J pJ'OCle.s ••• du. to 4Ilt.mata tloo41a& 
+ and dJ'y1ftg OWN heavy 10aa ... of appli.d. rm.,. - N. 

Whenever there s.. no atand1rlg water 1ft rice 

t1elda _ada gel'llwte, .stabl.1ah and COllPI'te w1th rio. 

lIIOJ'e aggressivaly. 

The eftao1: of III1lactrpnce d.ep1:b (0 to l' CD) _ 

weed ocounece 1ft treDaplante4 rio. 18 stw.U.ed. by PU"k 

e1: ale (1m). §MtppghlM gnao:pUl populat1cm 1M dI'f 



wight dec ..... e abarply .. the 4«pUt ot wate .. iDe ...... 

trom 0 to 5 CIII. I_to and Ohba (1976} I"IIpOrt that 

optlDua soU lI01aturoe tor .ergenoe ot 12 wee4 apec1 •• 

I'IUlge :trom 10 to 85 pe.. cent ot maxiIIWIt wet ... boldine 

oapacity. Chauhan (1978) find.a that .... :x1.Iua wed d.rJ 

.... tter 18 recorded. with the water ... ,iIIe ot field. CtlPao1ty 

to 5 CIII Abactrgeoct and. we4 dry .. tter clctC...... .. the 

water ... ~ ino ... aaed !rom lIaturatioD to 5 CIII INlIIeJ"pIlC41 

and !r01IJ 5 to 10 em aubraergance. l'Iotu.r1 (1977) _d. Raj\l 

Md Vema (1979b) alllO report inere ... 111 mabel" ot wilda 

and their d.rJ w1&bt 111 .aturated oondi tin t.be 1a 

aubaerge4 oondl tion. 

In Tamil Nadu it 18 reported that 1613 II1II water 

is required fOr a IIIa1n crop in the heavy clay eoU. ot 

Co1mbetore. ..nUe .2000 lIIII for iFlL"'U1!Ii (JUDe-SeJt) cl'Op 

and 2500 lIIII tor .IIII1a (I\ug-T an) are round to 1M opu.w. 
in the l1d\t soU. of ?attultottal (~. 1910). 

Ccmt1nt1OU IUbaIe!'Sence with 5 em ~th at liUU. PhJl.1ppSn.a 

reeult in the h1gheat (lOn&UlIIpt.itm ot 1701 _ ot water. 

~yelic sub'llergtftce ot 11Ipoun.Un& water to 1 CII depth _4 

ll"rig.tioall I1v. 2. 4 an4 6 dayr4 a:tter 4eplet1on nMIlt 

in a pl'OP"taa1ve dec ...... 1n water ~.t (IRIU. 

1981 ). 



.... taj.buddin _d Borul.1w' (1983) report that 

the liNn COft8Ullptive UN of water by l'1ee 1& 609 _ in 

the tint _d 646 !!III 111 the .eccmd cJ"Op ...... at 

Partlb8Di, in Mabarubtra. At i3bavlUllaapr. RaIn,. • ..,. 
.t al. (1984) ob •• "e that water requlN1118ftt fOr rlc. 

crop on hIl4y clay 10811 soil val'1ed with depth of irr1-

gation. It wu 749, 1100 and 13'2 _ ot weur, 

rearectlvaly, tor the deptba ot 1.5. 2.5 _d ,.0 CII. 

2.4.S. Innuence of moistur.t stru. Oft rioe 

!:ZItire growth of rioe 18 not .qually .enU tlv. 

to moisture stress. Kice ~.0Y8 ditf.rential toler.nc. 

both to the 1ntenai ty and duration of stre88 applied at 

ci1tterent growth .tag ••• 

De Datta (1981) report, that l'1ee 18 • ...s.Uv. 

to moisture atress at reproductive atage a. it coa.uaea 

large 8IlIO\Dlt of water dUring the major part ot I"8pJ"Odu.C­

t1v. phase. He 8I1"osta that whm molature .tre.. 1& 

allowed to 4fNelop only ben ... ti1lol'1ng and bea41ng 

.tag., the gra1n yield rea1n ta1r'1y hiabo 

flow 8ftd Venkateaverlu (1983) report aiaUer 

t1ftd1ap. Howwer, moisture stres. dUring th. per104 

fJ'OlI 20 days _tore n..,.l'1ng to 10 days anal' f'l.oIIIe1'1ng 

3 ') 
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18 Np01"ted to have le .. ett~ on the percent.,. ot 

t1lled. gra1fta (JOIle., 1961). Dr'aining the field dIlrlna 

t1llerillg .nbance. tillering due to taster lII1nel'tlllaaUon 

and uptake ot N UDder the constant .eroblc cOIldltlon at 

the baae ct the stem (ltanakaraju, 1983). Kobata an4 

Takalli (1983) noUce that IItH •• ed. plante han aoceleratec1 

leaf seneacmce and 40 pel' cent reducUon in dry .. tter 

prodUction. 

Cruz II1\d O'toole (1984) rind. that the actual caws. 

ot spikelet sterUity is due to water .tre •• given dIU".tJ't8 

the nowering stage and this 15 8880ciatec1 w1 th poor panicle 

exaertion. They subie.t thet the degree ot exaert10n ot 

panlcle is a viable reeponae to water stree. wb1ch can be 

taken a8 a us.tul indicator in asaeasing the yield. 

There 18, thus, wide variaUons in the method ot 

1rrlgation adopted. tor rice. Tha best aethod and It. 

1'l"equency etc., are to be decided. baaed on the soU and 

oJ.1maUc condl tiona prevailing in a locality. 

2.5. lnt1uence ot nltrogen on rice 

1M N l'e4IpCInB1v.e .. of llIOc3em abort-atatured 

ricea hu be. well doClWllalted. and 18 • _y p ...... t.er 

1ft their adOpuon and use 1ft 1noreaaing food produeti_ 

1ft _1a over the past dec.de. 



2. 5.1. ,. ffect on 8J'OWth cbarecul'8 

The beneficial intluoc. of N on plaDt P'Owtn u 
well e.tabUlIhed; plant he18ht 1ncre .... by N application 

1& reported by a DUllber of researcher'll (PUla! aDd De, 

1980&. L. Datta, 1981, YoShida, 1981). Incru .. in tUler 

nulllbel'. Dl'IP. leaf area index with N application u abo.e 

by DaluubrameJ.an (1980). SadaJ'appen (1982). RaaueIIy 

(1982) aDd Sal .. (1984;. 

2.5.2. Effect on yield attribute. and ylel<1 

Effect f4 N on y1e1d attribute. aDd. Yield of rice 

haa been reported by lIl8Ily workera. 

Kulandalvelu and Kallappa (1971) obe~. pMltlve 

response upto 135 kg N ha-1 with the val"iety A1if 'r7 and a 

reduction in yield thereafter. SadayappaD (1972) tiftda 

no reaponee in IR. 20 beJOftd 100 kg N ha-1 of applied. N. 

IH a reaponda eeonolll1cally upto 225 kg N ha-1 at Colllbatore 

(f'uru&hothallal! aDd F40racharl, 1974). whereas it liYes the 

hJ.pI. •• t yield -*'_ applied with 120 kg N ha-1 at larai­

y1rv.ppu (AnOD., 1 m). 

Froa URI, New Delhi, uhanla and De (1979) report 

ino ...... in grain yjeld upto 100 kg N ha-1 durlac 1969 and 

upto 150 kg 1'4 ha-1 dUrin, 1970. P.n1cle INIIber .-2. 



pa1cl.e leagtb, lIIoIIIber of tUled cnJ.u paalcle-1 anc1 

1000 gra1n weicht mereu. clue to N eppl10atiCtll Sa rice 

varietie_ upto 100 kg N ba-1 (Mel, 1979). PUla!_4 

De (198Oa) report favourable J.a!lutllllCe of N Oft th ... 

characters \&pto 150 kg N ba-\ Su'bbJ.8b et ale (1983) 

find liD • .,. re_ponae to N upto 90 kg ba .. 1 UDd.r low land. 

condl tiou. 

2.5.3. Ufect of N Oft straw yleld 

3traw production in r.sponse to M 1. closely 

parellel to gn1n production (Dhastry and Freeman, 1971). 

A linear incraas. in straw yield wi ttl Ii appl1cat1on 18 

reported by many workers (;"al-. 1984, Reddy, 1985; 

Sheik DaWOOd, 1986). However, santhi (1985) r.porte 

decrees. in straw yield beyond an application of 15 kg 

N h.-1• 

2.5.4. Effect of N on nutrimt uptake 

Uptake uf' N increas. linearly with Sacreea1ng 

levels of !Ii application (Pilla! and De, 1980b _d 

Sal .. , 198.). Uptake of P (!l..al)'8llikutty, 1910) and K 

(PUla! _d De. 1980b and Sal ... 1_) alao J.acnue with 

mereuing 1"al8 of N appl1caUCtll. 

3fl 



2.5.5. seaeoD8l 1n11uenc. on N u .. ot ric. 

Incre ... in N rupona. by UT.S per cent dUl"iDg 

.tIIl1 (dry .... on) over JsbArU (wet 1IIOU00Il) 14 nrpofted 

()'!lurty and I'\lrty. 1978). 51kder _d Gupta (1979) 

Observe high.r valuea for yield attn but.. and yield 

1n lm:a (Jan-April) than 1n lrAIz:i.t (JulY"'Nov). AOCOI'diftg 

to lruthayaraj and Moracharl (1980) higher cn1n y1elda 

are obtained 111 sWII!I8r. tJnc1.r h1gb. 8Ol.ar radiauon 

gra1l1 y181d !ftcreaaes linearly with 1ncn .. .1ng N 1 .... l8 

upto 120 kg Ii he-
' 

during dry •• uon, lIh.re .. it iDcreaa •• 

only upto 60 kg N he-' during wet 8.aaon (Fag1 and De 

Datta, 1981). 

Sreedharan and Vamadevan (1981) observe a poait1ve 

inCre .. e in y181d in the dry season upto the 1 ... 81 ot 

160 kg r, he-
' 

lIhile in the wat s ... on the 1ncreaa. 18 

only upto 00 kg N ha-' beycnd wh1ch • declme 18 noticed. 

2.6. Intluance ot water management _d N on nc. 

Eftect of water managtllla'lt on N 10.. 81'1'" uptake 

are reported elsewhere. 

H1gb. •• t gram yields are obtained when 150 k& 

N .-1 16 applied to ric. under CClfttSnuoua 5 CIt _ ...... 

pnce or can it 1s kept _dar au_ergence tor the 25 DAT 



eltemate4 by saturation (:'>.tagh an4 Pel. 191'). s.tft&b 

and Singh (1913) notic. reepon •• only UptO 100 kg N 

ha-1 Uftd.r cont1nuoua au'blllergmce 'beJOftd -.b.iClh lodg1ftg 

ot the crop 1. noticed. Aceol'd1ng to Khind and 

Pormalllpe1'Ua (1981) crop. gI'O'<Ift 1ft partblly 1rT1pteci 

or raint.4 conditions show lower N Uptake and cona .. 

quently low.r yields than crops 1ft con't1rluCNsly au'blllerpd. 

Btdl condi dODS. Such reau]. ta are reported by R ..... 1:he 

(1985). 

The above review on N reveela ua1verael tnnu_c. 

ot N on growth and yie14 of rice. When water __ g __ t 

is also considered elong with I. appl1cat1oft it ooul4 be 

aeen that conttnuoua su'l:llllerganee 1. n.ecessary to pt • 

better response of applied N. 



MATERIALS AND METHODS 



lb. preaent inveatigatiou were c&1"l'1.4 out to 

f1nd the irlnUeftC. ot weather PtJJ'lllDetel'8 Oft growth and 

y1e1d of rice and to eYOlve a 4iUltaM. water raanapment 

practice t'or rio.. I4enUtlcaUon of feetors I"UpoDaible 

tor the yIeld dltfel'e!flce ~en s ... ona b alao &laed at. 

'lblt materiala Wled &d the _thods adOpted .... prea.ted 

benlltlnder. 

3.1. MAT1RIALS 

3.1.1. Lp"t1.u the field 4I:xperi.aleftta _re cGllducted 

in C Mock of the wetlande, T8IlIU Nadal Agricultural 

University, Colmbatore. The tam is situated at 11·N 

latitude eftd nor. l_gitude, at an el.Utude of 4'n • 

above '~SL. 

3.1.2. MtSurglpWel UDMterAl l'he m1n1Dum nuaber of 

agro._teoJ'Ological vllrlable. rec~ tor f\md_ental. 

reaeercb in rioe by the *:ori.d MeteorolOgical Orseniaatioft 

aDd IntemaUcmal i'"ice Reaearch IDlStltut. (1980) were 

considered tor the preaent studt... 'lbe data Oft -.xi_ 

aDd mlIliaua temperature and solar recS1aUoft were taka 

fl'o. paddy ~ att ~on 1IIb1ch 18 a1 tuatec1 atIcNt 500 • 

h"OII the exper1Jletal field and the oti1er elata b'oa the 

~ o_.,..tory of Tam1l Nadu Agrioul tunl. Ual ...... Uy. 



'lb. weather parameta1"ll recorded dur1Dg the croppift& 

periods are reporte4 ill Table 1. 'lbe abatracta of the 

obtu!l'Yationa on weather pareIIleters are giYeD in Table 2. 

:5.1.3.~, 'lbe fields of the e,..,.r1l1efttal site coae 

under the clua1t1catiOft &8 aquepta. 'lb.y ware detIp, 

IIIOderately dra1Ded and clayey. l'h. eJlperillefttal 80ils 

were medium to low ill N and P and hi8h ill R. 'Lbe pbyaical 

end chemical characteristios ot the soil are pntaented in 

Table :s. 

3.1.4. la1.gAtion S9UJ'9" The exper1lllefttal t1elc:la .... re 

irrigated by 8 deep bore well situated on the northern 

end of the E block. The analysiS of the irrigation watar 

1s given in Table 4. 

'l'A.BL£ 4. CHFl"lICAL ANALYSIS Of B1UGATION \ATER 

Particulars 

pH 
EC 

Carbonates 
Bicart!ODate. 

S\llpt.atee 
CbloridH 
Calclua 
Mapes1wa 
SocU.wa 

(Rieberd •• 1954) 

Valua 

7.8 
0.89 'IIIIboa!. 
Nil 
41.~ part. per lakb 
Trace. 
17.014 parts per lUll 

6.56 • 
• 
• 

, 
" 



TABLE 1. WEAniER DATA LlJRINC THE CRoPPING PERIa]') 

Mesn solar 
radiation 

Month and 
standard 

w~f!'k (cal cm- 2 d-') 

2') i B-?4 June 101 

26 ;:>":>_1 July 294 

27 ?_A 421? 
28 (1_1,) ~9('1 

29 16_?2 1.03 

30 ;>'-.?Q 1..08 

31 ~('l_c.. Aull, 4~ e 
32 6_' 2 .£.63 

33 n_1q f..7Q 

}I, ;:>('_;>6 1..6c 

35 77-2 Sept 517 

36 3-? 5~ 

37 1(_16 442 

38 17-23 419 

39 24-30 458 
40 1-7 Oct 462 

41 8-11.. 496 

42 , '5-71 509 

1..3 ??-78 il35 

44 29-4 Nov t.72 

45 5_11 322 

46 12-18 370 

47 19-75 433 
4B 26-2 Dec 492 

49 3-9 441 
50 10-16 428 

51 17-23 446 

52 24-31 475 

~ 
1 1-7 Jan 

8-14 

15-21 

22-28 

29-4 Feb 

5-11 

7 1 ;:>-18 

8 19-75 

9 26-4 Mar 

10 5-1' 

'1 12_18 

12 19-?5 

13 20-1 Apr 

14 "'_8 

15 '-15 
16 1t)_?2 

17 23-79 

18 ;0-6 May 

19 7-n 
20 14-20 

21 71-77 

22 28- 3 June 
23 4_10 

2l, 11_17 

25 "\ f"-?4 
26 2:,_1 July 
27 ;'_fl 

468 

374 

397 

"64 
521 
464 

464 

506 
468 

518 

509 
494 
535 

534 
516 

527 
481 

486 

51 9 
503 

515 

"75 
51 9 
451 

'85 
311 

"'8 

Mean sun .. 
shine , 
hours d-

5.9 
1.1 

5.3 
3.3 
2.8 

5.3 
4. B 

6.5 

".2 
4.0 

6.8 

5.6 
B.O 

7.4 
5.8 

6.1 

B.4 

7.5 
8.4 
4.4 

1.3 

6.0 

7.1 
6.8 

5.5 
7.0 

8.6 

8.0 

9.9 
1.7 

7.4 

9.5 
9.6 

7.9 

7.6 

8.7 

9.0 

7.9 
9.0 

9.8 

9.9 
9.9 

10.4 

9.6 

7.5 

5.4 

9.9 
10.0 

B.B 

7.1 
7.3 
5.4 
4.5 
2.3 
7.7 

MeAn bmp. (.,C ) 

Nax. Min. 

~O#6 

77.S 

2B.8 

?9.6 

29-.q 

28.8 

28.9 

"".6 
28.9 

'30.1 

30.6 

30.6 

29.9 
30.9 

30.5 
30.B 

30 .. 8 

31.6 

30.7 

29.9 
28.3 

29.4 

30.6 
26.5 
28.6 

29.0 
29.4 
,0.0 

29.2 
28.5 

29.7 

29.8 
31.1 

".0 
31.4 
31.2 

30.9 

n.6 
33.1 
34.1 

36.0 

35.7 
37.0 

37.3 

36.5 
34.0, 

35.9 

36.9 
36 .. 1 

33.5 
34.2 

33.1 
~O.4 

29.1., 

32.4 

2'. ? 

n.t.. 

?1.? 

?1 .2 

71.3 

21.t.. 

21.2 

?1.8 

21. 7 

2"1.1 

20.0 

20.6 

21.1 

21.5 

19.9 

18.3 

15.9 

20.4 

18.9 

17.4 

17.1 

16.4 

18.8 

20.2 

18.4 

17.5 

16 .. 5 

19.2 

20.3 

, 8.5 

17.6 

21.3 

21.1 

19.7 

21.8 

22.9 

22.2 

24.5 

23.2 

22.9 

18.8 

20.'5 

21.9 

2~.0 

n.t.. 
2"5.6 

,?~. 1 

n.B 

!'Iun lUi ''') 

07n h 1/.;:>2 h 

78 

Qt, 

9' 
95 

8:' 
87 

52 

"' 9~ 

96 
8B 

91 

95 

95 

95 
95 
87 8, 
96 
93 
92 
B6 
B6 
B6 

92 
B6 

82 
85 
8B 

B6 
81 

78 

85 

B3 

81 

00 8, 
79 
78 

79 
7) 

79 
76 

89 
77 

77 

73 

79 
75 
7B 

68 
79 
82 

57 

76 

53 
51< 
67 

62 

51 

54 
52 
61 

7B 

52 
5B 

50 
57 

85 
64 

56 

" 54 
54 4, 
40 

36 
56 
46 
40 

39 
34 
44 

43 

32 

"3 
36 
26 
2B 

29 

25 
31 

37 
46 

34 
36 

35 
46 
43 

53 
57 
5B 
4, 

Total 
rain­
rall 
I .. ) 

1.5 

n.7 

5.0 
1'5.0 

2.0 

34.0 
1t...2 

5.0 

11 •• 0 

79.9 
58.0 

8.1 
18.0 

115.2 

1.2 

12.0 

8.0 

38.0 

1.0 

2.2 
1.0 

3.0 
14.8 

3.0 

11.6 

15.0 

3.0 

5.4 
B.O 

20.6 

Total 
rainy 
dar. 

1 

6 

9.2 
1.0 

7.8 
6.5 
4.9 
4 •• 

7.0 
8.1 

8.' 
3.8 
'."'_. ,., 
6.8 
7.0 
5.7 

".1 
6.' 
4.9 
4.9 
4.3 
1.0 

3.1 

3.' ••• ,., 
'.S 4.' 
4.9 

,.1 
'.1 '.1 
5." 
4 •• 

5.5 
4.9 
5.5 
6.1 

6.4 

6." 
7.5 

9.2 

7.9 
B.1 

7.9 
7.2 
4.6 

7.1 

B.9 
•• 0 

5.2 
8." 
6.B 

7.3 
5. B 
6.7 

~ 1 

19.' 
1£·.7 
1 ~.9 

6.' 
6.2 
7.4 

".'" ".1 
18.2 ,., 
6.' 
6.9 

11.8 

'.0 1., 
'.' 4.2 

'.' 
2.6 

'.1 
2.' 
0.7 

0.8 

'.7 
'.' 2.' ,., 
'.7 
'.9 ,., 
1.9 
4.2 
2.6 

'.9 
3.2 

'.2 
4.' 
5.' 
4.6 

3.7 

'.1 
3.7 
4.0 

4.6 

4.1 

2.7 
4.6 

6.9 
5.2 
3 •• 
6 •• 

10.7 

25.3 

24.' 
18.0 



TABLE 2. ABSTRACT OF' ruE OB..";ERVA'TICNS ON · ... 't'.ATH[fl r AFtA"'~n:RS _ SF;ASONfiISE 

EXF'ERT!,,:d!,_1 

Wf"Athf"r pP.oramE"ters 

'. Rainfall total for the 
Sf'SS('In (mrn) 

RaIny ~ays 

2. Maxl~l:e tpll"j:lera turf" ( ·c) 
T'f!cnf1.~ 

3. Minimum ternp",reture ( ·c) 
ranlle 

4. 'Mean incident solar 
radiation range 

(cal em 
-, d-' ) 

5. Sunsh ine hours range 

6. PH (S) ranRe 0722 hrs 
1422 hrs 

7. Evaporation ('" 0-') range 
B. Wind velocity (kmph) range 

4r".f, 

77 

;'7. S to )".& 

2'0.0 to ?2.4 

29'- to sn 
1.1 to 8.4 

75 to 96 
50 to B5 
1.0 to 9.2 

~.E. Monsoon 19t1~ 

('.:t. 1st to Anrll loth 

26;>.7 

11 

15.9 to 21.7 

'22 to 53~ 

'.~ to 9.9 
78 to 96 
26 to 56 

1.5 to 18.3 

1.0 to 9.2 

1.9to5.5 

EXPERlMENT_2 

110.10 

'0 

"'610 to In, 
~.Io to 10.'" 

7' to 86 

, ') 
't~ 

25 to " 
4,6 to 8.9 
2.6 to 10.7 

Weather parameters __ 5_._W-o. ":;:0_n8_0_0_n_'_9_8_5-; ___ '_' ._E_. -:"-,:-on_"_0_on_'_9_85-::;:-____ 5_u--:;:_";... _'_9_B6_-t:::-_ 

June 25th to Sept. z3 T'd "Jov.26th to Mar."th April 11th to Jul, ath 

1. Rainfall total for the 
seeS on (mm) 122.9 

Rainy deya 13 

2. Maxirll,l. telllJ'erature (·C) 
range 21.' to 30.9 

3. Minilrl.lm temperature (·c) 
range 2Q.6 to 22.4 

4. Mean solar radiation range 

(cal cm- 2 d-1 ) 

5. Sunshine hours range 

6. R.fi. (%) range 0722 hrs 
1422 hra 

7. EVtiporation (ID"D d-") range 
8. Wind velocity (kmph) range 

294 to 517 
1.1 to B.O 

78 to 96 
53 to 76 
1.0to8.5 

4.0 to 18.2 

50.2 

2 

15.9 to 20 .. 4 

374 to 521 

1.1 to 9.9 
78 to 92 
32 to 56 

?1 to 6.4 

1.9 to 5.5 

SOIL TEMPERATURE AS INF'LUEN2ED BY \IrI'ATER MANAGEMt;NT 

SUMMER. 19e6 

Treatment 

I Submerging 0: e dey efter 
2 disappearanc.e of water 

1, ;~~~r~i~:p~~~!n~:y:f 
'>later 

Sol1 temperature (·C) 

07.~O hrl! 14.30 ~l:-. 

23.9 

23.2 

22.6 

..... 
" 

29.4 to 31.' 

311 to ,,.. 

2." to .,0." 
68 to 89 
25 to ~e 
4.6 to 8.9 

2.7 to 25.' 



, '. 'l,J 

TABLE ::s. CHARACT)';;RlC;1'lCS OF TIU. i:xi ERlMErII.u. SOn.s 

--- -------
PartleUlU'S Expen.-tt ~eJ'1aent 

1 2 

Locatioa '::-9 block C-2 block 

A. j'1achAna&M AnAlI"'. (Oft lI01sture 

(Pipe ... 1950) t .... buts) 

CoU'Se sl!lftd :'l> H.6 17.8 
Fa. a.d l'l '9.5 22.0 
S1lt ~ 14., 11.' 
Clay ,,~ '2.5 4,.0 
T.xtu ... Clay 10 .. '-'lay lo_ 

B. kAlrdSll IDUDU 
Available ~J (kg ha-') 257 257 
(Subbiah and Aslja, 1956) 

Available :£'5 (kg ba-
1 ) 10.9 12.4 

(Olsen.t ., 1954) 
Ava1l.able K20 (kg ba-1 ) 546.0 52}. 0 
(Stanford. 8ftd ~1ah, 1959) t:: (112 soU wate .. suspension) 8.2 8.0 
Jackeon, 197') 

EC (112 &OU wate.. auapenaloa) 
(IIIIIIboS/CII) 

0.' 0.6 

CEe (_/100 g &OU) 3a.2 ".9 
c. iJla'lIW. smll:lGaa 

Bul.It d.aity ("~) 1.45 1.65 
(DekahlnalluJ'thy end Gupta, 1968) 

F16ld capacity (\III) (Outen., 1972i 45.0 42.8 

P~ent w1lt1llg po1llt (!4) 20.0 17.7 
(Riobarda, 1947) 

'rotal. poro~ ('l;) 56., 58.3 
(DUabln. y &J"4 0I1pta, 1968) 

IatlltraUon rate CCII/day) 
(DMab1llalallrt:l1y and Oupta, 1968) 

1.4 1.6 



'.1.5. XlI'itYtf "'1st' I;{ 50 WIllS tn. teat varlet)' used 

~r the .tirst ellPeftllent dUring SlIIM 1985 8ft<! .su..r 1986. 

ubereu IR 20 WIllS ued during NE:i't 1985. 11\ 50 _4 CO '7 

(Vs1ge1) c_riaed the t.at varhtl •• uaed dUl'ing SWM 

1985 and SuaMr 1986 ~or the aecOlld experillClt and. Ik 20 

and CO 44 dur1ag the .'i~ 1985. 

3.1.6. £"rt111H" yMdI Nitrogen, phoapborua eel 

potaaaiWII _re 8\lppl1ed thrOugh urea (46 per cent N), 

auper phosphate {16 per cant P2O,> and. IIlriate of potash 

(50 per cent "'20). 

'! t 

3.2..1. balwn' deMits: The experillllllftta were carried 

out in a strip plot deaign tor both the e:xper1Mnta. For 

the tirat nperilllent irr1gaUon level.a and planting t1aea 

CODaY tuted the t1fO difterent at .. ips. In the .econd 

experiment, eomb1nation ot inlgatlon levela and. varieties 

.... re tried in tiJ'at strip and nitrogen level.. in the 

sec_d strip. 'lb. elq'erilHllta weN replicated Ulric. in 

ell the ....... 

'.2.2. I£""'iP1!H (ExperiMllt 1)a Th. taatlleftta adOpteel 

tfrr the firat ellP8n-nt an giYel1 'below. 



A. ImpM. lttyW 

B. 

x., .. 5 em sulaeJ"pDCe 1:hrou&bout 

12 - Recouplng , cm submergence one day attar 

disappearance of ponded water 

I, - RecOUping 5 em aubllerpnce tvo daya atter 

dieappe&l'8ftCe of pClftded water 

14 - Recouplng 5 em aubmerpnce tlu'e. day. atter 

diaeppearance of ponded _tel' 

l?IU 2' Il.I,IDUDs 
SWM 1985 NEM 1985 Swaer 1986 

::', 18-6-1985 1-10-1985 15-1-1986 

P2 2-7-1985 15-10-1985 29-1-1906 

P, 16-7-1985 12-11-1985 12-2-1986 

P4 30..7-1985 26-11 .. 1985 26-2-1986 

P, 13-6-1985 10..12-1985 12-3-19136 

P6 27-S-1985 

EmtIEI._S i 
It coablnaUon of varieties (two) and irrigation 

lwol. (two) in ODe strip and lwel. ot 1': (0. 75. 150 and 

225 q ha-
'

) in tile other strip were tr1e4 dw'iJ'aE SWM 

lind MEl': a.a&Ou 1985. The lwela of 1rr1gaUoa .... 

.iaGl'Wued to t.bJ'H anti that or ~ reduced to 1:!u"H toJ' the 

Suaier aeaaon 1986. The detail_ are given below. 



A. Imgatism I yarJ.tU., 

x, - 5 CIl III1l11trpnc. throughout 

I2 .. Recouping 5 CIlI aublll.rpDG. one day al'kr 

d18~earenc' ot pGnded wat.r 

'1 .. IR 50 «SWM 1985 ~ 
v 2 .. co 31 ~ Sumer 1986) 

B. Utroun ltDl.I 

NO - 0 kg N lul-1 

N1 .. 15 kg N ha-1 

N2 -150 kg N h.-1 

N, -225 kg N ha-1 

V, - IR 20 f 
V2 -C044 

(NEM 1985) 

For Sulllller seMon 1986, 13 - ReeOUp1ng , em 

lIUbIIlergenee three days a!t~r disappearance 0 f ponded _tel' 

was also 1ncluded. 

'.2.3. PI"R'"tipp of' melp fitAds lbe aelected. main fields 

were tirat worked with tractor mounted. with cage wheel 

after applying 50 II1II 01 water. Anoth,r puddling wae dOne 

tour daya lat,r by apply1ng another ,0 I11III of' water. Later 

laat pudlll1ftg and leY,lUng wa doae. For the aubliequlDt 

8taaClnS, the 1nd1vldUal plot. w.re prepared by 41g1ng with 

,...,~. lb, suaary ~I exp.1'S.MIltal p.rt1cul.&l"IJ aN 

pNaeted in rableo 5. 6 a.'1d 7. 



----_._. 
Partic\llara 

Field ElIp.n..t.1 

J.w.Monaoon N. <;. i'onaoon SulDer 
1995 1985 1986 

Previous crop grown Rice Ric. Rice 

3i te 01 experillla'lt C9 C9 C9 

Variety uaed lR SO lit 20 1R 50 

Gross plot size (mf) 4.5 :It 3.0 4.5 x 3.0 4.5 x ,.0 

Border rowe 1ftclud1ng 2 rows .ach Oft three aidos and 
destructive I'OWII ,. rows on one side 

Spac1Dg <ca2) 15 :It 10 20 :It 10 15 :It 10 

!let plot si_ (m2) 4.1 :It 2.1 4.1 :It 1.8 4.1 :It 2.1 

Design Strip plot StJo1p plot strip plot 

No.or treatmcta 24 20 20 

Repllcat10U , , , 
Amount or N. P~05 aft4 1.20 
acldad (kg ha-1 100150150 1001501 SO 100150150 





J 

s 
• ,.. I 



3.2.4. Laxput of the plptt' A.fter the f.tael puddlSq 

end l .... elling plot. were laid out with bunU of 25 CII 

breadth and 15 em in height all around the plO't. All 

al'Olmd the expena.-ttel field dra1aag. chamsela _re 

pl'OYided for .ffeetlv. drainage and eontl"Ol. of 1ITiption 

water. 'lb. layout plan or the two field .xp.rlmenta are 

given in lis. 1., 1b and 1c. 

3.2.5. f'rtAiar mml1cltJmu Betore tnIlaplantSq. 

the field was drained and a uniform do •• of 50 kg each 

of P 205 and K20 ha-1 was given bually to all plots. 

Nitrogen at 100 kg h.-1 for 'the first experiment and as per 

treatment tor the second exper'lMnt _" applied in three 

equal splits at traMplanting. t1l1.r1ng (2.5 DAT) and 

penJ.cl. Initiation (4; DAT) stagea. 

3.2.6. 1jrNlllplfllltiplijl rYGIlty three day old aeedllnp 

were tranaplanted .:I' , aeedlSq. hJJ.l-1 at a epaeing of 

15 :It 10 em during Sir. 1985 and :'.lUlSttI' 1906. Tv_ty fiv. da7 

old a_dlmp were planted at • spec1Jlg of 20 x 10 em 

c'I.ur'1Dg NEl'i '1~S5. Gap tlUing waa takfll'l up Vlerev.1' 

necesaery. 

3.2.1. Wild op4 pt.t R9"S'I'Q'a Dutachlor - 1 kg •• 1 

ha-1 .... appUed by mix1ng with .. 4" DAT with two CII 

of staDdtIlg water as a pr .. llIIIrpnc. h.J'b1c1dt. L1&bt 



4-5 m 

FIG. 10. FIEL 0 LAY OUT OF THE EXPERIMENTAL 
PLOT (EXPERIMENT - I SWM 1985 ) 
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heM. weed1ftp were g1van 40 OAT. Plant pl'OtecUon 

measure. were adoptee! wherwer nee._aery. 
3.2. S. IrrLi,tiw" Irrigation treetaents were 1mpoaed. 

7 nAT 0J\WIU"da. 1'be quantity of _tel' .ppUN wu .easured 

by using a 7.5 em portable Panhall nu_. Irrlg.tlon 

wu atopped 15 days ",tore han •• t Of ttl. crop. 

3.2.9. H'"",I lioNel' plants on all aid •• of ttle plots 

were hll1'YeSted. first and the net plot. were ttlen han.sted 

and threshed. lhe individual plot yield or grain vu 

recorded at 14 per cent lIlOlature. lbe atra", weight waa 

taken attel' aundrying. 

3.3. OBSERVATION:.:; illiCOl-J.)i!l) 

3.3.1. ~ sMrest;era I The following growth charaetera 

were reeorde4 at 40 days after transplanting (!JAr) 

n.owerlng end i1arYest Btagea by adopting standard proce­

dure (~_z. 1972). 

1. Haight of plllltJ' Height of plants ",aa recorded boa 

'\0 plants tagged randOldy tro. the net. '?l.ot. 

2. l'jUmbtr 0: ,rutn per bpll Total nullbel' of tUlera 

per hill wall COW'lted. fl'OIII 10 hUla 1ft the net plot ad. 

average worked out. 



3. Mep .. root 1cgthl pOlar pl.ants were carefUlly 

uprooted from the <te.tructive row t!'OII eaCh pl.ot wi til 

m1n1num root ~ge. They were waabed caretlally, and 

tbe max1lllulll root length e:xpreaaed in CIII. 

4. Root dry we!~t 

5. Shoot dry weight (dry matter production) 

1. Ltat Area Ipdll (I.All: Plenta collecte4 tOT record11'1g 

max1I!a.lm root lcgth were used to record L.U .s aagg •• ted 

by Palarli.a_my and aolleZ (1914). 

LAI • 
L. "".K. number of leaves per hill 

Spacing adopted (~) 

L • Length of .!lTd leat blade tl"OlI the top (CID) 

';,' • :':ax1111W11 width of the same leaf 'blade (OIl!) 

, 'IotIere, 

Y •• COftstant factor of 0.7' for dry Mld 0.75 ror 

LAl was recorded at t1l1er1ng. panicle 1n1t1ation 

'.'.3. field ;_ •• t.. and W ld• The follOWiftg 

observations were T8C0r led using standard pl"Ocedurea. 



1. Numbel' ot pelC1e. &'Id g1'a1Da m-2 

2. Length of panicle 

3. we1gbt ot pan1cle 

4. Number ot tilled sra1na pan1cl.-1 

5. Percentap of tilled grains 

6. 1000 grain weigbt 

7. Jraln yield 

8. :>tray yield 

9. ·'ater 1.\8. ettWancy tor grUn prodUction .t barv •• t 

of plal!lta were estimated at .flower.I.ng anc1 barv .. t stag •• 

(Jackson, 19'73) aM the total uptake w .. calculated by 

multiplying the nutriant content by dry matter and 

e2prellaed .. kg ba-1• N ccntent ot plant wu .. t1M.ted 

at flowering and harvest stages ua1ng the m1crokje1dabl 

method •• d •• cr1bed by Jackaon (1m; and the uptake 
-1 worked out and expreaDed as kg be • 

Yt • Yleld ot treatment 

To • Yield of control 

At • N applied in treatlllalt 



l'bJ.1I was woritlt4 out U 8UglJeeted by P.t.na1k et ale 

(1971 ). 

Pel' cent N recovery ... calculated aa lNggested 

by Bartholomew and (."lark (1965) as follows. 

N uptake frOm If uptake 
tertUiHr - troll 
treatment control 

,.. N recovery. ---------;..;..;.;.....;....;;;.- lit 100 

3.3.5. W,td dry night; I>eeda collected tJ'OII tour places 

at random us.lftg a 50 x 50 cm quadrat at 40 LiAT. lbey_re 

washed. sundr1ed for few days and oven dried at 60 0 e tor 

72 hra. Then dry we1gnt wall reco1'de4 and expreeetd •• 

kg ha-1• 

3.3.6. tiCPpom1.ca: Oro.e end net iDcolII8 per bat net return 

per rupe' !nve.ted on water and N and benefit ooat ratio 

were calculated baaed on the coat ot cul t1vetion details 

and input purchase and produce sale recor4a evs1lable at 

the Central t8l"lll ot '1'NAU. 

.. Coat of cultivation (excluding N and water) • ria. 'it7SO/-

b. Coat of 1 kg urea (N .4.5/-) • Ra.2.10 

c. Coat of 1 ha 011 of water • Ra.10/ .. 

d. Prioe ot 1 kg of ric.e • Ra.1.50 

,. Price ot 1 kg of straw • Re.O." 

57 



Total. coat of 1 he CII of water wu calculated 

.. SUMeated by S1vanappan and Ai,....,. (1978) by 

aubstituting present day coata • 

.3.3.7. Statl.t.ical Mel War The data wu analyaed .. 

POI' the method suggested. by Pane. and Sulchatll8 (1978) 

for strip plot \ieBian using t.':I. colllpUter pailebl. at 

the '!'8l'lil NadU Agricultural Un1vera1ty. Critical 

d~terenee ... ere worked out wheJ'IWer nec •••• rY at flve 

~r cent probability lev.l. Correl.at1Oft coetflci_ta 

betveen plant growth and yidd attrJ. bute. AB well .. rt_14 

and Cl8teorological paramet.ra were .rked out and 

presented. 



RESULTS AND DISCUSSION 



IV. RESULTS A1W DISCUSSION 

l'wo aepera1;e field nper1aenta were coudlac'tH 

dur1ng 1985-86 with the objeoUYea to evaluate the 

effeet of a.uonal. fluctuations on growth md y1ald of 

nee and to find out en appropriate plmt1ft, t1IIIe .. well 

.. ita influence on water and N requireent tor iIlo ..... ing 

productiY1ty. lb. experi.merlta were cameli out durSDg 

SOIltt! l~eat i'tonllOOft 19e5 (SWM 85), North East MooaooIl 1985 

(Na<i 85) an4 SullDer 1986 ( .... u-.r 86) • __ na. Reallta ot 

:':\'1-1 85 ad Suaer e6 are taken together tor oorrelaUon 

and regresllion analysis between grow1:h, yield COIIIpc.leta 

and yield ad are discu .. ed together. Beall ta of REM 85 

and second expel"1snt are presented and dJ..ouaae4 

aep8na'tely. 

4.1.1. gzpyth ghensHr • 

4.1.1.1. HeisbS of pi", 

Data relating to the .fteet ot plantJ.ng datea and 

water IlUll'lageMftt Oft plant heigbt at 40 DAf, flOWJ"inI and 

l'lal'V'eat stage. are pnaa_tect III Table So Ia a-enl pl_~ 

ui&b' vaa not a&cb attected 'by plmtl.Da tiM cIaaria& 

SWi'l 15. At flowering dalayed plantlBp pr04UOed taUer 



till 

Tl.BU B. HEIGHT OF- Pl.lNT. (CIoO, 9TAGF-WISE ANT! SEASONWISE 

40 DAT 

" 'lean 

(4.51 47.~ 

45. 19 .. 6.76 43.~2 44.71 48.47 52.'3Q ,6.76 

42·52 42.69 40.38 41.49 45.94 47.61 0.44 

44.)7 .4).'1'; 'Y:l.'55 "'~.·H 44.°9 42.96 

4,.lg 42.61 36."53 37.49 43.8'5 .0.96 

42.22 4.0.15 38.34 ;8.69 41.0g 4'1.11 40,Qe 42.29 40.40 ".18 3S.15 43.15 38.83 

43.62 44.32 41.82 42.40 46.?6 '10.09 

• P at I I at P 
SED 3. 01 

P at I I at P 

0.33 1.28 ".22 0.26 0.13 0.31 Ooon 
CD(P.O.05) N.S 0.82 n.s N.S 0.59 0.'2 0.66 0.82 

FLOWERING 

S.W.I1JNSOON. 19135 SUMMER, 1986 

P, "'an 

" 55.54 54.73 56.93 69.31 62.84 60.24 59.93 54.38 58.96 58.B9 66.61 63.24 60.42 

'2 54.66 53. 16 54.65 66.04 60.49 62.89 5B.65 52.03 57.84 57.15 63.65 62.12 58.56 

'3 53.81 51.92 52.92 64.72 59.38 57.93 56.78 51.21 56.03 52.82 62.15 61.09 56.79 

14 52.17 51.06 51.42 57.37 5}.81 51.76 52.93 50.21 43.84 51.56 61.28 59.75 n." 
...... 54.04 52.72 53.98 04.36 59.13 58.21 51.96 54.18 55.10 63.57 .61.55 

P P at I I at P 

SED 3.30 1.01 1.87 3.62 

CD(P.O.OS) 7.34 2.H 4.04 7.95 

S.W.MONSOON, 19!J5 

P, 

HA.RVEST 

"'an 

P :P .1 I I at • 

0.26 0.16 0.40 0.44 

0.59 0.38 0.85 0.94 

SUMMER. 1986 

., 
68.62 67.;6 69.06 69.99 67.84 65.61 68.03 61.53 72.15 67.97 71.16 64.69 67.62 

70.99 70.93 66.68 67.23 63.41 63.60 67.17 60.42 71.45 66.05 69.74 62.06 65.94 

71.27 68.74 64.97 66.50 62.26 62.64 66.05 57.B4 65.45 59.60 67.98 60.27 62.23 

69.54 67.24 63.52 59.58 57.09 58.95 (".65 55.50 62.05 59.55 66.31 58.82 60.53 

70.10 68.57 66.06 65.83 62.65 62.15 5B.82 67.93 63.39 68.80 61.46 

P at 1 1 a.t P P at I 1 at P 

SED 3.16 0.40 1.61 3 .. 49 0.22 0.17 0.'9 0.40 

CD(,:0.~~~)~) __ ~7~'O~4 ___ 0_'~38 ___ 3~'~3_3 ___ 7_.6_6 ____________________ 0._5_0 ___ 0_.4_2 ___ 0_.8_3 ___ 0_._~ __________________ _ 

N.S - Not I!!Iignitioant 



p1eta 'IIbe ..... early pl8ftt.1nga .. "' talleJ' clur1ftc 

~e.t. 

Du.riftg ~ ... 86 plant11'lg period infiuence4 plant 

beight in all ateeoa of obeerYaUon. At 40 DAT planta 

were aborter as planting. were dele1M fI'OlI 15th J81111U'7 

to 12th r.b1Uary btlt the trend wu meraed 'Wi th tn. 

aab8equ8ftt pl_tinp. DIlring flowering, boveYe .. , a 

prognaaive inc,.. .. e 111 plant height with delay in planting 

wu noticed. n.nte behaved more or le •• a1mllar duriD8 

llUYeet stage alao. Plante transplanted on 26th r'ebruary 

we,.. tallest dUring these two stages. 

A alp1t1cant diftereno. 111 pleat helgbt dUe to 

lr1"1gat1on wu prea.t at all stages in both the aeasona. 

Plant he1ght 'With contlmlOWl submergence or IIT1ga1:1ftg 

ane day after d1aappGe.rance of water were COIIIpara'bl. at 

flowering _d harvest stas.. dI.ar:lftg S'iIM 85 wbltreu the 

tall.at planta '01.", aeen in. ccmtimlOUly aulaergec1 

treatment in Sumer 86. A progreaa1". dec1.Sae in plant 

be1stlt 'With inc,.. ... in interval between l:rr1.gat1on was 

also noticed.. Inwractioft between pl_ting and lrr1ptioft 

OIl p181lt be18ht ... p .... ent ctw'Sftg flower1ng end haft>.at 

stases in SWM 85 and a', all a'ta6ea 111 .3wIIIeJ" 86. T.u.st 

p18Ilta with COIlt1JllaClUa ..... pac ...... obHr¥'ed wi til 

p1eUng &:me (1ft }Otb July 1n litlM 85 and 26th FebNarJ 1n 

(;1 



au.-I' 86. lb. lfttlueno. Of deep atan4lftg water 1ft 

lncreastng th. pl.ant h.ight haa been raported 1:17 ... y 

wo:rkera (Irutbayaraj _4 ~cban., 1980, PUla! aDd 

D., 198Oa). 1be 1ncreue in height haa been attributed 

to the elClftgation 01 iDtemode Ilibe the water level 1a 

IlIOra. 

lb. correlation coe.fflc1l1lta between pleat he1sbt 

at hllJ"Yeat and lIIeteo:rolop.cal Jl8l'8IIIetera at dilt.ret 

phases are presente4 in Table 9. 

1) IMIpIAt;un1 lbe height (Fig.2) in Alation to 

m1nJ.mua temperatw-e at vegetative ?baa. (Ua.6) ehOva 

that incre ... in ha1ght at pretlowerlng and flowering 

is ,,NateI' when the night temperatura dIn"1n& v.getativ. 

pbaee 1a higher. The correlation coetticieftta praMl1ted. 

ill Table 9 show that h.ight of the plant 18 influenced by 

III1nJJIIum air tampera1UJ'e or night temparatu1"e (I' • 0.6131*) 

at Yegetative phd.. lb. night t...,.rature earta greater 

JA!'l.uence on ;:.1ant be1il'Pt than day (!ald.D.III) t...,.ra_ra. 

A progra .. 1ve deCrease 1ft plant height at he"eat .. 

planting wu delayed. fI'OIl 1 et:b JUIl. 4UJ'1n1 S WM 85 ... 

oboert'ecl. l'ba reduot! Jft in pl .. t hei&bt wu dIl. to the 

pN'f'al'" of lOW!' n1&bt talllperatura with 1 ... 1' bOura 

of .-.bin. pel' day. 'Ibia 18 .n.~t troll ttl. poaltiv. 

F ') 
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T.ABLE 9. CORREU.rION C(Jl;.'pFICI!:lf'W OF PLANt MUW'l' AT HARVI:::ST 
wI'l'H METtl)Ft01.OGICAL ?AkA1>I~r~ U DI"TElU'N1 PHASES 

Factor Phas. .. "alue 

1. MuiIllWl air taperatura P I 0.383' 
2. Minimum air teq>arature P I 0.6131" 
3. ;f>e8l'J relative huIII1dJ. ty P I + P II + P III 0.627'· 
4. Total aunshine hOUr. P I ..0.3142 
5. Total aunahine hours P II -0.5410 
6. Total eunah1ne boura P III -0.4600 
1. Total IIUJ'lshine hours P I + P II + P III -0.6421· 
e. Tot.al solar radiation P 1 -0.4211 
9. rotal solar radiation ? II -0.4884 

10. Total solar radiation P III -0.6375· 

TABLE 10. PARTIAl. CORIUl.ATIOf< COl'.;fi'ICliNT or IH;I,,"T AT 
HARVLST (1) \11TH ;~JN;3HIlli. HOURS (2) AND l";-lE MI.» 
RELA'l'IV:::' H,WJ:DITY (3) WRING P I + P II + P III 

Factor I' ..,81u. 
--------------.. _-----------------... ---

12 

H 
23 

12.3 
1'5.2 

P I _ v.getatt .... ph ... 

P II - P..eproduct1.". pbue 

P II I - R1plllinS pbaa. 

-0.6427 
0.6213-

..0.6485* 

..0.'919 
0 • .5609 

.. - Silalflo.nt at ~ 
1 .... 1 
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1ft11W1ftCe of nlgbt teilperature aDd IUtptivo eft~ of 

8UIUthJ.ne hour. as revoalo4 in the 'l'able 9. saw (1972), 

Sancbe. ot ale (197') IIftd 00palUW1117 (1975) report 

8111111a" effeets of temperature on plant hel;bt. 

11) Sol,r -rgn 'lbe COl"I'elatlon Table 9 alao brtap out 

the 1n.fiuence of 8\11U1b.1ne boun IIftd soler rad1ation duJ'iag 

the tb.ree phu •• of cl"Op growth. It 18 cloer that 'both 

these factor. 1ntluence the he13bt eapec1ally at leter 

stet:,es of CI"Op @J'OWtb. 11\1. amply indicate. that 113bt 

level 'becOllea progressively _re cn tical and 11111 t.ec1 aYal­

labUity of 118bt to the base of the plant at later .tago. 

caused by n:utual ahad1ng ml3bt have red"4 In the 

elongation of lower Internode. (Xaaaha ot al •• 1966). 

:'b.1s becomes an adaptation of the plante Uftdor low 11gbt 

a1 tuation8 especially &.Iring the pel"1od. of 1IIOJI8OOft. 

Gboeh (1961) report that there 1a rap14 el_gation of 

shOOt In the lrAU:.U by the ia1'luenoe of ra1A.fUl aD4 

t.lpfmature. 

111) f!,el,t1yt hz"d'UI It 1a .een that plant be13bt 18 

poait1valy oorrala\e4 to .e_ ralaUve h'IPIt.4Uy ( ... 0.6273*). 

SiDdl.ar reau1ta aft reported by Gbo_ (1961) .. obMWe4 

that OM of the reaeona tor 1ncreaae4 plant helpt 18 

bwId.d1ty. 



To study the attect ot relative bua141ty wlth 

el1m1nat1Dg the etfect of sunah!ne hours or yio..."el"M, 

p8l"t1el correlation coefficient. were WOrked. out betveen 

plant height, 8UIl8bJne hours and ral.atin bwII141ty 

(Table 10). When the .ffect ot relative buII141ty 18 

el1mtDate4, the correlation betwen plant be1sbt and 

SUftIIh1De hour. become. le ... r 1ft III8gftltu4e but negatiy •• 

Howiwer, !libet'l the etfect of suntlb1ne hour. 18 eU.IiI1Date4, 

the correlation between plant helsbt and. re1aUYe hulll.41 ty 

gete further redueed. end beco... nor..al81l1ticaat. 'i'hia 

amply proYes that relaUve bwa141ty per .e baa DO role 

in dec1d1Dg plant helgbt. 

'lbe lata 1ft 'lable 11 reveal that during 3WM 85, 

P, (16th July) and 1'5 (13th AU&WIt) pr«!UCed. highest IIIld 

camparable t1llel' JlWllber. pel' b1ll at 40 vAT. At 

nowerlng P, (16th July) recorded. the highest nuDer ot 

t111.rs colllp&J'ed. to all other plantiftp. A cleere... in 

t1ller JlWllbeI' as plant1Dg was d.a1aye4 beJ0ft4 thi. date 

.... "illent. ~1ftg SwIller 86, 29th J alUal'7 plant1D& 

prodUCed th. ~st ftWIber ud 26th FebNU'J' plaatiag 

the least. Ilut dUdn" nowertng 12th F.bJ'Wl1'7 plant.tn, 

A8I1 the higbeat ti11er !lWIIber and ".. co..,vable wi til 

fJ7 
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26th FebruaJoy .nd 15th J 8IIWU"1 pbnt1ags. PldtiDga 

dOne on 29th January Md 12th Much bad conalderably 

10lmr tWer awibera. 

Innuenc. of irrigation levela Oft tmer J'lWIber 

W88 alao pl'IIU!lt. At l1OWer.lftg tiller ~r with 

cont1J'luous aubmergeJ'lCe and aubalers11'ls one day aner 

d1sl!IfIpoarance of water were the h1gbtat 11M cOllpllrable 

dur11'lg 8'111" 65. lI1ereaa tiller production wu the hishellt 

with eontilllQOU. aubmerpnoe for all pl_UJlp dUring 

Sw:aer 86. A progJ."e881v. deere ... 1ft na.ullMr of tlllltJ'8 

8t nower11'lg 11'1 5""" 85 and at both the stege. in 

Sw!mer as due to deere ... 11'1 irrigation leVels could be 

noticed. Irrlptloft x plantlag interaction ... a1gIllt1-

cet at 40 '04T 10 S'fIM 85 and at both the stag •• in 

SWIIIler 66. In BWM S5 plant1nga done Oft 13th AM&Uat OJ' 

16th July w1th continuoua aal:lmltrpnce or 1n'i.p:UJlg Oft. 

day after 41aappe8l'llJ'lC8 of water produced IIOre DUllDeJ' of 

t1llere at 40 tA'! then otber co .. 1nati..... In sw.er e6 

with all plant11'lg date. con:ttnuCN5 aabilerpllce bAll .ft 

tUlare at 40 :JA.r. At l1owel':l.J'lg the same irrigation 

level with plantiftga done Oft 2.6tb Felmlary 01' 15th JaJUaI'Y 

prod\lcecl IIIOI'e t1llel'8o 

It 1a ... troa "1g.3 that IIOre t1lle ... pel' b.1ll 

.... produCed at 40 ! )AT aDd at l1ower11'lg .tapa dW'ia& 1114 
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July 01' Augua, pl8lltlllgs ~ SVP! 85 .. lob an l11li11 .... 

Pl8fttiag dafte at the end ot Ausuat pl"OclUced the l.....n 

IIIWIIber ot tUl.el'll. In SWIller 86 not __ <l1f~..-.oe .. 

aeen between plant1Ags at 40 OAT lIut at nOWJ'in1 FebNar7 

plantings prodUced the h1gbeat tiller I'IWIIber a1.uv to 

15th JaINal')' p181ltiq. 

!W'1ag late July and a1c1 FebNal"J plllllt1ap the 

m1n1lllJm temperature is low (F1I.6) dUr1llg vegetative aDd 

reprOdUCtive pba.e. and hence the I'Ilt. of tiller produo­

tion is alao cOIIIp8ratively 1.... Another factor that 1. 
ob'lloua trom the Fig.' 1. that deere .. e 1ft tW.r JlUIIber 

duJ'lng nowerillg atarta !'rOIl mid July planUasa ill SWli 8'_ 

The deC1"'8U8 1. maxt_ 111 Mlpt pbntinp tbM 1ft Jul,. 

planUaga. In other worc!. _!'tall_" ot tiller takea 

place at a II'Ucb h1&b.r rat. 1ft tol'll8!' than in the latter. 

Low 11sbt COIld1 tiOlUl at vegetatlve and reproductive pbu .. 

eccolllp8l\1ed by a eoaparatively tugh ft18t1t teapera ..... 

lea4a to 1 ... net pbotoa",tbell1a due '0 greater rdp ...... 

tioa 10.l1li •• ('l'1ID8ka et al., 1966). MwIIMt .. of UUen 

per plant 1118.,. be detel'll1rdt4 1ft two _,... ..... .. of Uller 

bwSa pel' plat and percentage of UUe .. 1Iu4 uve10peeat 

(1'Il1:10 ot tbe nuJll)el' of t!Uen cWtel0pe4 to tbe ""'1' 
of tiller buda 1Il1t1ated). HJ.gber t.apel'lltve ....... .. 

71 

leat.... H1sb81' leet 118. IIl4 sreater t1llel' ......... ill .... 
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iIlcreue the IN"'r 01 tiller buds per plan~. On the other 

ben4, HOtIh1ne ~ al. (1969) baYe ahollft tba~ the peroetage 

of tmer bud d4Weloplleftt 18 high __ the tempe ... ture 1a 

low (20-21·C). 1..u and Uarc1a {1965J report that 

car1:lohydrate is n~e •• ary .. an eft4tI'I1 110\11'0. tor tiller 

d4Welop .. t. High tempe ... ture 8I!u!l low l1&bt iIltea1ty 

deere ... the carbohyd ... te 1D plant (~ato, 1972) lea41ll, 

to reduction in tiller J'IIlIII))er. It 1a not clear, hovever, 

lIIbetber low tNlpel'ature per .8 1a nec •• MJ'Y tor tiller 

bI.td d4Welopllent 01" lIIb.etber low teapereture tav0W'8 carb0-

hydrate ~CUlIUlllt1on which prcao1:ea t.1l1er develop .. t. 

Tbua tlllering ot rice plant IIbould be .tu41ed 1D tel'Jll8 of 

inte1"l\CUOll bet_a l1&bt iIltefta1ty, taperatura and 

car\Jobyli.l'Ilte _tabol1am (Yoahu.. 1973). A cleCreue 1ft 

tUler DWlber w1 th inC"". in _"" •• m telllp .... ture 18 

Iloticed by Owen (1972; eM OopalUWIIIIIJ (1975). 

s~ lIIul Gars (1916) have opine4 that IhOrt 4aJ 

IIftd low te!llpel'llture ciJ'CUll8tanc •• lead to h18b N accuaa­

latiOft 1D leave.. A.s ~ coacaatraUon inc".... 1ft leave. 

110" tWe", 8" ~roduCed (IlIhiaaJra end 1' ..... ,.,). 

4.1.1.3. &.Itf 1m 1p4p (LAI) 

F1"OS the data '.1 LAI pre __ ted in Table 12 81!\4 

F1g.4a it is ... that in JWl'1 85, higher LAI value ... 

recorded. at 40 i.JA'I _11 tlowel'lDl in crop. planted Oft 16t1l 
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July but 41d Mt cU.ttal" with 2Il4 July _d 181:b .JuDe 

plantlllga at 40 DAT end flowl"1ng, respecUvely. l'M 

LI.l valu .. were lowest ill Auguat pl_t.1Dga. A 

pl'Og1"es.lve deere .. e ill LAl value. _re o.e"_ .. the 

p1ant.Sng was delayed beyond 16th July. S1llJ.lar l"IICl.IOUon 

ill LAI dUe to delayed planUaga i. repGl"ted by Gopd .. ..., 

(1975). Dur1Dg Swaer 86 LAI at 40 DAT was the bigbt., ... 
P1eDted d\lring la1:e .1 ..... l'7 _4 decreue4 1:bereat1:er. At 

flowering _ 1ftoJoeue 1ft LAl .. plaftUng was clela,.ad could 

be I\Oticed dUring 5wlDer 86. 1'he .1ncft .. e 1D LA! tI'OII 

40th day to flowering was eona1derebly greater ill s.a.er 86 

than 1ft sw,'" 85. 

'lb. Flg.4a Ibowing LAI at 41ft. rat nag" rwreel. 

that at 40 nAT LAl 18 high charing e8l'1)' pl_Unp lIbtOb 

doct"8des gradually reach1ng the lowat in Ausut pl&ll1:1l'lp. 

LAX 8' tlowl'iag stage abow • pilano...:l. .inoreue 1D ml4 

July p18llt.Lng (P,) 1ft Slffl 85 an4 la1:e febNary (P.) and 

early I4al'Cb (P,) plaDtlnp in .:lwJIIte1" 86 O~ared to 'that 

ot the prwiOus plant1aga. 'lb1e _y be becau .. of 8ftbanced 

WIer pJ'OduoUcm (n .. ,) and UlCreue4 plant be1gbt 

(F1g.2) durlllg the .. plant1nga ot the :respective ....... 

'lb. Tabl. 12 ""lO IIbOwa 'tbat LAX ... Nduoe4 wi tal 

1Ilcreue in 1Il1:er'ftl ot lmlsatJona duriDI Nth .. 

........ L.U pro~ .,.. hlp,. ~ oOllpvahle wi1lb 



CGIIltmuou. aublleraenc. and 8U~ OM day aner 

diaappeanmc. ot water during ':;W11 85 where.. the to .... r 

treatmeat regUtered .1sn1tlc.ntly tM hipeat LAI dIlriDl 

;;)Wllller SIS. 'lb18 18 clearly broI.agbt out ~ 'ttl. F1,.4b 

Oft 'ttle etfect of water ~t on uner pl'Odl1~1on 

at flowering stag.. LU 18 the integral of nt.III1:Mtr of 

tUlel'll, ftUIIber ot 1 ..... per uner and the 81_ of the 

lewes. Since the number ot lewes on • tiller 18 almoat 

ccnatant, LAI IIIOIItly 18 deterained by t1l1er 1BIIIber 

( r IIIIl8ka at al.. 1964) • 

At flowering dUring SWM 85 with opu.. plantlns 

time wben hilbest LAI fU"e o'b8e,..ed the 1ft'1gatlon reg1aea 

have greater 1ntlwmc. than the other plant1ft& periou 

wben the LAl 18 low.r. For P, (16th July) p1.ant1ft& eacb 

1rr1gatlon level in.tluences the LAl whereas in the later 

periOds 11 and 12 fU"e colllparable and greater the X, and 

14 which .... again a1IIUar. However. dUr1n.& sw..tr 86 wUh 

decrease in .apply of water there 18 pl'O,"881 ve NdUCtlon 

in L.U values tor all the planting dat ••• 

CoI"Nlatlon coeffiCienu woa1ce4 out Mtween L.U 

at flowel'lng _4 val'1oua meteol'Ologloal paruetera at 

diUeret pile ... are r l'O .. te4 in Table 13. 

75 



Factor Pha.e I'valu. 

1. M1niJIIa temperature P 1 -0.'798 
2. t~ temperature Pll -0.4011 
,. Mean tap.nature IlUlllllaticn P I 0.691+9-
4. Total llUlUlbifte hoUna P I 0.5829 
5. l'ota]. lIUIl8b1ne hoUl'8 Pll 0.66116· 
6. Total 801ar radiation P I 0.4581 

1. Total solar radiation Pll 0.6593-

PI. Vegetative pbUe 
P II _ ReprodUoti .. pbaae 

A peruaal of the data abows that Uftlike belsbt 01' 

tillel'8, t.At at nwer1ng gi.,es no relat1oub1p beWeeD 

lII1nillllm air temperature or 8U'D8h1ne hour. or 801ar 

radlatlOD dur.lag phd. I but 18 d.8ft,UlclII'1tl1 con-elate4 

-. ttl SUll8h1De bouJ'8 111'14 801ar rad1a1:1cm 1ft pha.e II. 

It could alao be po1ftte4 CNt that 1ft cue of .olar 

radlatlOD, the r .,alue at pha •• II 18 hlgher the that ot 

the pbaa. I. Th18 shOWII tbat 11&ht .el'l7 baa IlOna 

1n11ut11lCe OIl LAl at repJ'OCSuCU.,e pbaae then a" veptaU.,. 

pbUe. lbe Table H alao brtaga aut that the OOrrelatlOll 

coeft101aftt betwea LAI end 1ntell'8te4 _all c1a11y ~ra­

~g .,es-tati.,. JIbue 18 Il101'8 than ........... bOI&I'a or 



solar ra41aUon. 1bua 1 t .. y be concluded tbat LA1 

at nOW8l'1ng 1& alJIDst 4etel"lllned by the 1fttegnated 

mean daily temperature dUriftg the growth. period __ 

leaf growth. take. place. SillUar obae"at1ona are 

reported by 1IJurILta and 'l'0gar1 (1973). 

The data ~ ... aented in Iabl.. 14 abow that 00' at 

nower1n8 aDd narve.t stage. are 1I'lnuenced by plant1ftg 

perioda in both the aeeaona. Highest J:!I!P at flowerSftg 1D 

SWM 85 wu obse"ed in 30th July ('4> aM the leut in 2Ild 

July (1'2) plantiDgs. witb otber p1ant1Dp prOdUc1ftg the 

a1mU.ar dry matter. At ha"e.t .tage 13th Aalpet (P,) 

plantiDg recorded the h1~est Wl1ch ... a1allar to p1antiD, 

dOIle on 30th July. Plantlllga dOae ca other date. pl"OClUced. 

cOllpeJ'able dry matter. In Su_r 86. plant1Jlp d .... Oft 

26th February (P4) or 29th Jaaua". ('2) or 12th Marob (P,> 

produced tb.e h1gb. •• t dry matter at nower.ln& -nereaa at 

harvest higbest DMP ... ob""ed wi ttl plantlq d .. Oft 

26th P'ebruary. 

The auper.lority of late July in j\llt'i 85 and late 

February in SuaDer 86 p181'1t.t.np 1ft prodalOiq h1Pe.t dry 

lIIIltt4ir at nowed.ag and he"e.t stap ... y be attributed. 

to the toUow1n&. 
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Aft ~t1Q1l of FiI.5 oa Dl'I' .4 tiller 

J)t'Oductioa at nower1ng (Fig.,) IIhOwa tbat I»W ftJU ... 

I!IOre or l •• s • a1aUar tl'eru1 of tWar pJ'O<SQotioa 

except 1ft 30th July plantlftg 1n SWill! 85 .4 29tb J....,y 

1n SWIDer 86. A cOlllpal'UQIl of III1a1Ium t~rature slv. 

1n the Fig.6 NY.el. that the 1I1n1"1II taperature 1a low 

et the rep1"OdUctlve ph ... &tr1n& 30th Jul, .4 26th 

February 1n S\'iII! 85 and Su.Mr 86 ....... r .. peot1Ye1y. 

Tbua t1ll.r p!'Od1lctiOD at mad ... tiU.r1nC _4 nowerlq 

stage are exp08ed to a conpnial CODcU tioa tor turtb.1' dI'J 

matter acCUJall.aticn dUring the reprod&&cUye pbue. S1aoe 

the nlgbt temperature 18 lower, the reeplr.Uon loa. v1l1 

be lower and phot08JDthetlc accuaalaUon .. re tbua 

reeul t1ng 1n _ 1Jlcre .. ed l.lMP. '!be reduction 1ft hej,pt 

of plarrts noUced tor 15th J IIIII.Ul1"J 1n Su_r S6 lliabt 

have resulted 1n 1 .... 1' I:MP at tb1a .tage. 

Th. Fig.5 on D!4P at harve.t 1Ibov. ~t 13th 

August planting 1ft ;., Will 85 and 26th rebnaary pl_tiftS 1a 

SwDer 86 produc.d the highest ll'4P at 1:h1a .tap. 

Sube.qulllt to nowering the plata are .xPOsed to mul_ 

sOlar energy dl&rtna the ripen1ftg phase and tb1s CGU14 

baYe helped to Aarther IifthanCe tbe dry _"-r aooordla, 

to Yoah14a (1971). 'Ib1a aMWIPtlOl1 1& 81110 811pp0rte4 

by the COlllparative1y hish LAI .t nower1nC 1ft 26th 'eWwuT 
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S 1 

plmt1r1g 1DcUoaUftg that dry .. tter accwmlaUon conUnuecl 

uptc 1'18!'Y .. t. In ;;lWM 85 plan1:1ft& doDe on 2bd July pl"04Uce4 

lower mp. :Ibi. may be beO&l .. p18nu are aborter with 

le88 t111er pro4uoticm. Where .. , the lowr DI9 neUoe4 

with planting dCIDe Oft 29th Januar,r 1D ~I' a6 could be 

attributed to lower tiller pro<l.uotion. ApIlJ'1: tI"O. th1a the 

quantum of solar energy reoe1 'Yed by th ... Plan1:.l.rlp are al. 

poor. 

Table 14 ahow8 that oant1aucus aubael'laoe "8111 ted 

in higbeat DMP than other llTlgation lllYel.. lbe 1rrlsa­

t10n x plantlftg interactJ.cn waa alao .1gn1f1c_t. tr.a­

planting at the end ot July in ..,\IIJIII 85 01' at the _d of 

?ebruary in .:iwmIer a6 togeth.r wi 1:h oonUnuoua ..... l'Ieno. 

reaul. ted in the higbest D!PJ' than Otber pllll1tiap eel. water 

lIIIII'Ulgement. 

'l'he growth dUratlon 18 oonsid.red illpOZ"tlll1t 

especlally 'IIIhen associated wi1:h planting ti ... UDI1ar the 

cantext ot nultipb cropping systeas. S1ftoa the .,arlety 

oed 1D tb1a experll8nt 18 pboto1Daea1 tty_, the d1t~l'aloe 

1ft gJ'OWth 4Ul'at.f.oa obeerved may eMefly lNt aUrlt.ated to 

telllpel'ature eftect. 



The c1t.IraUOft upto 50 pel' CIDt tlowerlDg dIIJ'l.aI 

','!I'M S5 an4 SWIDer a6 1a Pl"Hlftted 1ft Table 1 ,. na. 
duraUen upto tlowel'1Dg is J.n.tl.ueftced by plat1D& tt.. 

It is lengast 1ft 27th Auguat plant1Dg 1ft SWM 85 and 

dur1ftr, J IIDIJ8.J'7 plant1nga 1ft 3ulDeJ' 86. Aa the platings 

are advanced 1ft 3WlY.: 85 OJ' delayed 1ft SuJaeJ' a6 the I!Ilre­

tion gradually pta reducad e1Dca the temperature at th1a 

stage tor theae plantings is high. 'lba correlation 

coet:ticiats worka<! out with duration ot dtttal'tlftt pbaae. 

and teq>erature cOIIIpenenta (Table 16) have aho1IIft that 

m1n1Dt.lm ail' temperature 18 negatiYely correlated with 

dUntion upto tlowl'ing. Verpra et ale (1910) NJ)OI't 

that m1n1llum rather than lIlaa temperature ot the atmoapbere 

bad the beat negaUve conoelaUon 'With tlow.l'1Dg dUratiOft 

Of a vanaty. It 1a alao Hill that ail' tesapera1ure nnge 

at th1a periOd i8 al80 correlated ... -1 th (SuratlOft. '1'he 

temperature range ref1ecta ma1Dl.y the val'1aUon 1ft Id.nialll 

temperature at .... tativ. pbaae lIhare1n .111 the lIl1DiIuIIl 

t8lllperature 1a low the 1"8I1P is IIIOre and the _ratioD 18 

lCllger. Yoeblda (198'1) ONerY •• COMidarabl. dela,. 1ft 

tlower1Dg for NdUGtion of telllperature bf''tween 24· ~ 

21·C 1ft IR 26. F¥1drt1.y h1&ber tecaperature <both M.Xl ... 

end. IIlle1 ... > _ lower 41umal var1atlOI1 are more OOIIdUclva 

~ euly tlowriaa 1ft rice verieti_ ($ .... U al., 1,.,). 



fAIL! 15. Il1RATION UP'1\; 50 PER COlT F'LQIjERlNG AND IUPBlUNG 
PHASES URDER DIFnRliIfT PLANTING P.tRIOU'll 

Date of plantlng nu-.tion (4&,.) 

Upto 50 rrer cent 
tlowa q 

Ripening 
:pbaae ----_ ...... , . 

P, 18-6-1985 58 31 
P2 2-7-1985 59 ;,0 

", 16-7.1985 56 32 

P4 :50-7.1985 59 32 
P5 13-a.1985 61 32 
P6 27 .. a.1985 62 '0 
P1 15-1-1986 59 " P2 29-1-1986 59 30 
1", 12-2-1986 56 32 
P4 26-2-1986 55 31 

'5 12-3-1986 57 30 

TABLE 16. CCtMELI.TION COEFFICI..MrS SHOwING Ri\LAEIONSHIP 
if-TWEEN DUHAl'ION OF DIFFEHJlNT PHASES AND 
METEOROLOGICAL PARAMETERS 

Pha •• 

Pl_t.tnc to Flowerf.Dg 
tl.o_rln, to UJ'ftat 
-rval_-

1. Mo:laam a1J' temp.ntu"' P I -0.0937 -0.1316 
2. IUI'l1IwII all' temperature P I -O.5E175 -0.'831 
3. Mu111U11l all' teaiperatul". P III -0.5086 
4. MlnlIlUlll all' temperature , III -0.86,.,·· 

5. ~. aift1 ... 
telllperatun ratio P I 0.66".-

6. ........ I Ilinll1U11l tempe.. 
rature ratio P III 0.6944· 

1. A1r tuperatun !'all" P I 0.61,.,. 



the ratio of _xt ••• I _1.11.'''' \ellperature alao had. a 

positive relat10aabip with dun'Uon upto fiowerl.n.l. !h.l8 

alao sugge.ts tllat the orop tlowers earlier lIIb. the 

dJ.:!.terence betwe. day and. night temperature i8 1II1ft1-. 

The data praMl1ted. in Table 15 on the dUration of 

ripen11'lg pha_e UII.C1er 41fterent plant1nS pariOd.a SO to 

show tllat the duration. weN shorter in 2n4 July eel 27th 

August plantiDga 1ft !;WM 85 and 29th JaDUaJ'7 01' 12th March 

111. SWDer 86 lIhen the m1n1aua taperature at the riJ*'1D.l 

phue of these plllll.tinp are higher. The dW'at1on 1a 

lIlishtly IIOre 1ft other planting. -.be the tuperature 

registers a decrease as 1ft Fia.6. It may be fIlrther ... 

trom the Table 16 that the dUration of rlpen1na pbue 1a 

very strengly and negatively colT8lated with .1Jt i _ air 

temperature at th1a stage. Verg~ at al. (1969) op1l1e 

that the ripening pbaae duration of ric", range_ tro_ '0.'5 

day. 1ft trop1ca. As the temperature i. lowr, the tJ'IIM­

location ot photos",thete. to gra1ft take. plaoe at • 

alowv rate and theretore the _turity period 18 I!elayed. 

proportionete1y (Beat, 1962). S.taUar 1noreue 111 ripa.iq 

phaA duration due to low 1:eIIpera1::ure 1a ~ 'by 

0.. (1911) _d Oopal.."..,. (1975). 



'lb. teaperature IiWllllaUoa or heat ~tII 

of a crop is uau.ally cel.cu1aUd u deane 4aJII oyer a 

speclflc period such aa plantiftg to barVut (Owe, 1972). 

'lbe total dunt.ton ot the crop in the main t1el4 and the 

temperature ~tiOJJ dIu'1n8 re..,.ot1". plantiDa periocl8 

are pre.anted in Tab1e 17 tor the two ....... tudied.. 

Dete of planting Tempt IIWIIII8tioa nantJ.on 
·C) a_._ ... 

18-6-1985 24'1 eg 
2-7-1985 2426 eg 
16-7-1985 2402 8B 

30..7-1985 244' 91 
1:5-8-1985 24t11 93 
27-S-1985 2454 92 
15-1-1986 2382 90 
29001-1986 2260 eg 

12-2-1986 2229 88 

26-2-1986 2185 • 
12-3-1986 2204 III 

S3 

A "enasal on tempe ... ture su.aUon IIIld dLlraUoa 

NYeel.a that ttle fOrmer behave. 1D4epec1afttl, of ttle latter 

in dUt .... t plant1ng p.r104&. Wlth napect to 11M 



rel.ationahip be-..n c!Uration of the var1ny _4 tile 

te/lIpeJ'lltu,.. IJWIIIIet1on, 1t 15 ... tbat with .a.c:r.a.. 
1n c!Uration of the variety the tellpenawre INIIIMUOil al •• 

incro .. ea. '.i.'hua the t~.natw'e au_tin tor the abo ... 

teat dUration ot planting in 26th Fe'bNary 1. 21.,·C 1IIh!l.e 

the longest dUration of crop planted 1n 13th Au .... t baa 

'lAT/·C. 

The date on nutJ'ient uptake at flowerinl; _4 

harvest stage. are presented 1n l'a'ble. 18a, b aDd C. 

Uptake of nutrients varied with plllDt1ng period. At 

flowering uptake of N and P wa. IIIOre with 30th July 

plenting in :;t.'M 85 and 26th VebNery pl_tift, 1n Su.er 86. 

July plantings had. higher It uptake, early 01' late 

plantinga in SW1'1 85 having lower uptake velu... Ia 

SWIller B6 plantings done on 29th J81'IUary raoonied the 

hlshest uptake of K which was a1l1Uar to the ~ Fe1mae.rJ 

plant1nga. ~g 1larV •• t stage early Aupt pl8llttasa 

resul ted in higbe.t uptake of !1 end p wl'11ch d.ec:UlWd 

with early plantings 1ft SitM 85 lIIhereu F ..... ry pl8llt1D4Pt 

recorded more uptake 1n ':>\mDe1' 86. Plantlap ~e OIl 

J~ry rellUlted 1ft lc "..t uptake. In 0 .... ~ X. taut 

uptake during harYeat was IIIOre with July plaatiap 1n 

SWM ., and "itb F.1tnIary plantiDp SA ~ 86. '1'M 

Sf; 



:!'A3LE 1&. r;U7RENT UI":'A.;.:t: (KG 1-\;.,-1 ) ST,!.G:",' 1:;;: ;",-:-. <':"::::.sy ·~'lSF. 

',17:<.0·:; :'. 

;.:, ...... ,.''?2',; 

5 • \ol • HO~; s::-~; • 1 q:~. SPH}t::R. 19~16 

~-.---

P 2 . , ? , "2 P3 "4 '5 """,, 
" . 5").81 56. ~-1 67.7'"] 7G.33 i.~·. 5 3 t!' .1"'2 ."'1:'> 72. 69.5Y 83.09 8'l.71 OO.6} 77.86 

·2 5C'.61 52. )2 6~.92 72.:,8 1',·1.55 ':i~ 0" t·· ." f,,<. '5 66. ~4 81.tJ5 81.10 77.27 75 .16 

·3 47.eo 49.00 61.56 66.35 Sf'.71 <;';:'. J"3 ,)e,. )1 66.32 64.00 80.46 60. '5 75. '5 7}.2) 
I! 45·05 47.95 60.91 6,. c;o 5'i .R3 ,p .54 :; ~. S 3 61.c'3 64.89 76.02 77.' 4 74.2) 70.66 
"'an 49.32 51. 54 63.79 70.24 62.41 55.36 67.25 66.22 8O.}6 80.52 76.82 

P Pat I I at P P at I I a' P 
S.:::::; 0.99 0.E6 1.54 1.51 0.21 0.22 0.52 0.5. 
CO(P=O.05 ) 2.21 1.60 3.24 3.20 0 .. to" 0·53 '.09 , .14 

HARVEST 

S.W.MONSOON, 1965 SUMMER, 1966 

P, P
2 P; P

4 P, P
6 Mean P, p P, '4 P5 Ho ... 2 

1, 67.00 7}.28 55.94 65.35 81.04 74.53 69.52 89.00 as.eo 104.96 101.96 91.86 91.01 

12 54.71 6}.65 54.20 62.35 76.50 69.58 63.50 86.01 64.04 102.1610;.'2 93.41 93.79 

13 45.53 58.32 46.81 58.65 69.25 61.93 55.75 84.24 76.B5 100.18 100.66 g1.S0 90.69 

1, 38.27 51.90 42.01 54.47 63.87 56.34- 51 • 1 5 76.74 71.08 95.02 96.48 90.21 as.91 

)J.ean 51.38 61.80 ,g.74 60.20 72.67 65.60 84.00 79.44 100.45 102.11 9}.24 

l' at I 1 at P P P at I I at P 

SE"J 1.39 0.89 2.77 2.64 0.56 0.24 0.63 0.54 

C:;J( :2==0. (5) 4.2C 2.19 r; .s ".,:} 1. 29 O~59 1.39 , .14 

N .S - Not sign ifican t 
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uptake dec ..... e4 with early 01' law plaaUnsa than tale 

abo".. planUngli in both the ....... 

'1be effect of water III8D&pMIlt vaa alao pl'flnOlmOe4 

Oft I'lIUtJ'lent uptake in both the ....... Th. bi .... ' 

I'lIUtriat uptake vaa notJ.cle4 with conUmtoua au ........ . 

tollowed by iM'1pUng one eftd two daJS after diaappeennee 

of vater. The lowest up~ke va. 8Ml'l with irript1n& 

t:bJ'ett days after dlaappeal'8l'lc. of water. 'th. planUn& x 

irrigation interaction lfIUI also 818nJ,t1C8llt. Contiauoua 

submergence 'With tho.. planUnga tbat reaul ted In 1no1'eaIIed 

uptake have g1ven the highest value •• 

Cant1nuou8 su-.rgence or water in the field 

incre.... soU taperature IIJld thl. In turn also IIlIbt 

have enhanoed _tr1ent uptake (CIt_dtRd"Y _4 \il114yal, 

19'70). It could alao be poiDted out that the uptake of 

it raaiIled IlION or le .. the .... be"twa tlOweJ'lq IIJld 

haJoftat .tapa 1IIberee8 uptake of P Wd tlCIQb1e4 aa4 that 

of It iftOreaaetl by 1.' u..e betw_ 1b... tw .1:qea. 
'l'be cOJ"I"el.tiGn coelUcienta lIOrIatd _t Oft the 

relatlouh1p betwec autJ'l_t uptake and .. teorolOl1oal 

:paraIII4tte,.. at reproduOU.e _4 ripe1ng pbaae. are 

pJ'ftlllte4 ja fable 19. 
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TABLE 19. CORRli:L.Al'ION COUFICUKTS SHOIAINO RiLATIOMSHlP or 
HUTRIDIT UPTU& AT FLOWERING (p II) AND HARVil:ST 
(p III) IIIl'H KET,WROLOOICAL PAlWtEfERS 

Factor PbaM .. vel_ 
II p It 

1. 11u11l1W11 air teIIpe.. 
rature 1>11 o.8'79't ... 0.7604· -0.2886 

2. l'Iu1IIwa air tempe. 
raw,.. PIll 0.6312*· 0.85"·. -0.6816" 

3. IUn1Dum air te..,... 
rature P II 0.1116 0.1103 -0.0711 

4. 1l.1n1D.l1II air tempe.. 
rature PIlI 0.5156 0.5115 -0.1416 

5. Total 8\111ab1ne hours PII 0.6504· 0.8012** -0.4507 
6. Total. sunahine hours I' III 0.6285· 0.8093- -0.5790 
1. Total 501ar ra41ation p II 0.'2'71 0.5644 -0."_ 
a. Total solar rad.iation PIll 0.1486·· 0.1366·· -0.1615·* 

Thara 1a a strong polSi Uv. correlation betwe~ N aDd P 

uptake and. the various meteorological parue~ ... conai .. 

dered.. De Datta and Zarate (1971) report that the aolar 

erlerJ)' received dUring the ripening period was 1:be ... t 

~t factor afteot.t.ng the N reaponae and gra.in ylel.cla 

of four rice varieUes. 

4.1.2. 1"14 end Pe1d attril!yttl 

4.1.2.1. Pap'Ple' per ~ 
The data p,.. .. W'.in I.lil. 20 enet F1&-9 ...." 'tbat 

paa1c1. prodUOUoa was atfecte4 by pl,8Jlt1n& periNa _et 



TJ.llU 20. PJJHCIJ;S -~2 SEAS<l'NlSE 

S.W.MONSooN, 1985 SOHMER. 19Bb 

" • 2 
P3 " '5 '6 Mean " '2 '3 P, " Me .. 

I, 409 406 ,21 40, 379 352 395 ,6B 465 .80 502 <79 .79 

I2 4O'j ,00 4"i7 !')3 ;18, 346 393 .59 452 .63 .83 .62 .6. 

'3 ,00 399 ,,0 395 375 332 385 ,.6 430 454 .72 452 451 

I, 393 306 392 307 358 325 37' ,.0 "9 .43 .62 443 .4
' "'an ,02 398 "0 397 37, 339 '53 442 .60 .8() 459 

• • at I I at P 'P _1: I I at :p 

S:KD 3.55 '.54 3.69 '.76 0.82 0.76 1.6, 1.64 
CD(F.O.OS ) 7.90 3.78 7.80 10.2' 1.90 1.85 3.5. 3 •• 9 

tJ.BU 21. CORRELA.TION COZl"FICIENTS OF PANICLES 1('2 WITH Mt'l'EOROLOGICA.L pARAMETERS .4.T l>IFFSRENT PUA.SES 

Factor Pha .. r "t'8l.u. 

1. Ma.ximum air temperature P I -0.7017* 

2. Minimum air temperature P I -0.8717 .... 

3. Mean relative humidity I + P II • It III -0.768-"· .. Total am.hine hour. PI 0.6613· ,. Total IlUD.BbJ,ne hOUl"a PII 0.7'10-

6. Total lNIlohine bou.re P III 0.7250" 

7. Total sunshine hours PI-PI! + " III 0.7372*· 

S. Total solAr n.dlatlon p I 0.4191 

9. Total 80lar radiation ,II 0.7458" 

10. Total solar radiation P III 0.9108** 

TABLE 22. PII..R'l'UL CD?...'lElATlON ~OEl"PIClENT5 BETWEEN PA.NlcLES 112 (1), SUNSHINE HOURs (2) .urn ME.lN REUTln 

HU!-!IDI'!'Y (3) DURH1G P I + P II .. P III 

Factor 

12 
1; 2, 

12J 
132 

'P I - Vegetative phaee 

p II - Reproduotlve phlue 

P I II - Ripening pbaee 

r value 

0.7372·· 

-0.7687·· 

-0.6485· 

O.490} 

-0.5054 

• SignUloant at 5'-' hnl 

... Slgn1tloant at 1" le.....el 



IrnpUon 1 .... 18 both Ja ;:;ill'I 85 and. ~ 86 ....... 

P8ll1cl_ praducUon wu bIgb •• t w1th 16th July pl-uac 
in SWM 85 whIch wee ttl.at 81.uar with 18th JUIUt 

planUag. It dec ..... e<l cone1clerably when plantSna ... 

dela,,"," after 16th July. In SuaD.r a6 an 1ncre ... i. 

seen fI'OII 29th J aDUaJ'Y planting 0ftWaJ"da upto 26th 

F_bruary, the bighest beJag produced wUb 26th r.bNary 

planting. However, 1t decreued cClft814erably w1t.b la." 

planting dOD_ on 12th March. A J)l'OlN88ive dec ...... w .. 

notiC_d u irr1gaUon at.IVa]. was Jacre .. ed. In S'WM 85. 

cODt1Jwoua 8II'b11e .... O. (~) IIftd. ODe day after ~ .. 

Of _tel' (I2 )PNcSuoed a1DlUar 11UIIber of panicle. (,,, ad 

393, NapecUve1y) cere .. Ja :iwBer 86, ~ N8Ul.ted in 

prodUCUon of the hipst number of panicl •• per .2 

(479). 1rr1gaUon x planting int.racUon ... al •• pre •• t 

in bO'tb the .eaacma. A 811lUar tlWld .. tbat ot planting 

with continuous aubaerpace 1 •• , ~P, (16th July) in 

SliM as and ~P4 (26th F.'bNaJ'Y) in s....... 86 p1'Oduo1ng 

hJ.sher penlcl. coul.s. be obHrtedo 

It wu alao o'baenritd that in both the .... ona 

plantinga dOll_ e1 ther earlier OJ' later tbal til. opuaua 

period with _N quaIl'ity ot water (~ 01' ~) 081114 not 

prodIloe COIIIIPanlbl.. DWllIier of pe1cl... •• tbo.. ~ 



UIlder lowv l_81a ot lrripUon 1ft the optiDua pl-t1ft& 

periOd. 

To study the pattem of pan.1Cle p1"04UCUon .. 

!nfiu_ce4 bYllleteorologleal pU'aIIleura at ditteret 

phaa... correbtlon ooeUlciCllft'ta 8re vortce4 out an4 

pruented 1ft Table 21. 

"tICS of aHOl'!lqdgal PI£eMMa 

1) Tmyt"tMre 

It 1& M_ that panlcle I1W1ber be .... _pU.a 

tlaaoclaUOI1 with II1rI.1Dua or _d_ air teJapel'llture at 

.. s-tat1ve pbue. lb.18 18 al.o auppOl'tecl by F1a.6 • .,.. 

It 18 .een that t1ller IlUIIIber 1 ..... 11'1 11114 Jul)' (SIlIM as) 

an4 11114 Fe'bnlary (sw.er 86) pl._tiftp 1IIbIm ~t 

tempel'llture 1a lower lIDO. le .. in end. of AU ... t (l)\IjM 85) 

and III1d March (SutllDer 86) plant1ftga .. the n1&bt 

telllptrature 1& nipr at vegetaU .. pbaae. 1lL1a laO" ... 

1ft tUler and panicle !WIlber may be attri, buted to the 

colllp81"atively 0001 1:etDpeJ'llture .t the ba .. of the plant 

(Mat.,!lbl_. 1910). The hl,lltler dabt UllpeJ'llture 

ellPer1enoed during lete AugUSt _d III1d Man:Il planUAsa 

_1: he .. 1ftC,.. ... the .... pll'11tiGftal 1 ... 1eadiD& to 

d .. th ot MD, t1l14mI (Tanaka at al •• 1964). 



U)Ss1erMlFSJ 

The bIportance of l18bt erlerl7 ret .. palole 

p!'Ol1uctiOIl 18 clearly brought out by the oornlaUou 

of lIUIUIhlne hours and .olar J'II41ation dIIriDg the 

different pba... of crop EJ'CIWth. Ii a1snUlcant pGe1 tl ve 

conel.ation is o'bta1fted with S\IMh1ne hours In ell the 

three phases and with solar ra41.tion .t l.ter two pha .... 

!his 1s another probable reMOll for the hiper NUIber of 

paD1cle. in mid July and 11114 Feb!'\Ul!'f plantlnga. Hayuh1 

(1912) o'O.el'V •• that any 1ncreaa. 1n 801ar erlera' d 8ft1 

stage iDere .... pho1:Oayntbes18 Of rice pl812t which 

ul tiJllately l.ed. to an Sacrea.e 1n size tmcl fUaot1Oll of 

a1Dk. The .181l1f1eance of 11gh1: -1"11 in iDcreaa1IaI 

the percentage of prodUctive tiller. atter the _~ 

t1llering stage baa .... n .tn_eIi 'by prev10W1 1IIOrkara 

Uke Rao aDCl Deb (19''') wbo attribute th18 pb ... -

to a re4uot101l in d.ath of lat. fo:n.d tW .... . 

111) 8tl.tt11't lwetMtv 

1he col'l"elat1cm >r."lo 21 aleo br1np ... t that 

pan1c1e produCtion is negatively COI'I'elate4 with Man 

relative hwId.41 t1 dUJ'tIlS the 'IIb01. 8J'Owth ,er104 of tha 

crop (I' .-0.76tI1**) a..JO'Wlng that low relative bullicltty 

U .... Ual retr increaaed panicle produ.ctia. To .tw:ly 

the effeet of either a_hiDe boul'8 or relative buII1d.1tJ 



by elSm'naUng the otber fenor, partial CorrelaUOD 

coeftlc1 .. ta were worked out an4 pne_te4 la Tal:Il.. 22. 

It is obee"8d that lIban the effect of lJunah1ae bouJ'II 

1a alJ.a1nated., the correlation reaatna neptiy. 1IIbere •• 

1Iben the efteet of relative hwlidity 18 elJ.a1natecs. the 

corralation beoolIIee reduced and non-aJ.p.1ficant. nma 
1 t COUld be suggested that pemJ.cl •• pel' fIl2 _y be deCi4e4 

colllbi.nedl.y by the latluence of relatiye hwlJ.dJ.ty an4 

sunshine hours. 

Thua it is Hen that a COlllb1natiOD of low n1&ht 

telllperature at vegetat1ve phase an4 a high sOlei' rediaUon 

at reprOductive and ripening phaaea .... esa_tial tor 

higher nualMtr of panicle. pel' ,;.. 'lbJ.a view 18 1RlIPp0rte4 

by the findings of Venkateavarlu et ale (19'77). 

lbe I.bie 23 abO",. that h1gbe.t nUlllber of grain. 

pel' fIl2 vaa reconie4 in 16th July (J"''M 85) _11 26tb Felm&aJ7 

(Su ... r 86) plantings. !hey were toU0we4 by 2Bd July 

and 29th JaIIUUT plantJ.np in tb. respectiYe........ '!'he 

lowest nwabera ware recorded by late Au&Uat (SWM 85) e4 

llid JaJ'&I&J'1 (s.a..r 96) pl_t1a&a. Witb regard to waUl' 

JII!Iftag ... t. • .1.l.1e1' pattem of inf'lu.ce a. of paaJ.c1 •• 

per ..;z. vas obeervecl. 



UBLB 23. NUHB&R OF GRAINS M~ ( 104 ) SEA.SONWl SE 

S.\oI. ttJlNSOON. , 9"" '{l1",,{!:;R. , 906 

P, P
2 P

3 
P , P, P

6 
.... n P, P, P, " 

I, 2.41 2.65 2.7Q c.!:;!) 2. ,2 ... 94 7.4<> -.;.r,~ ~.o ~.16 '.')0 

12 2.38 2.50 2·55 2.5~ 2.14 1.H"3 ? ~ ~ 2.t34 " . ." ~.C2 ~.29 

I, 2.2-9 2.37 2.4 1 2.36 2.05 1. f.? 2.':-2 2. R., 2.B, '.10 

14 2.10 2.20 2.:10 2. l' 1 .. 90 1.51 2.00 2.3J 2.6'; !." 2.99 
Hoan 2.31 2.43 2.48 2.40 2.10 1.n ? 6q ~. 06 2.8<j ~.2' 

P at I I at P p 8\ 1 I at P 

SED 0.06 0.03 0.06 0.08 0.01 0.01 0.01 0.01 
cn(p·O.05 ) 0.' 5 0.08 .1.27 0.17 0.01 0.01 0.02 O.CQ 

TJ.BlIt 24. CORRELATION COEFFICIENTS or GRAINS H2 (104 ) WI'I'H MFTEOROLOG leU piRAHI-:n:R3 AT 

DIF1'ERENT PHASES 

laotor Phas. r ",lu. 

,. Max illlU. air tempera ~ P I 0.722'-

2. Hiniau. hlllp.ratur. P I -0.4974 ,. Minl.u.. t •• perature PII -0.}05' 

4. Bu_UOIl of ai.D.~ t .. perature PII -O.48TI ,. ",aD "latin -..141" ?II+PIII -0.1874·· 

6. Total .IWl~iD.. hour. P I 0.'022 

7. 'total lIUD..bin. bour. P II 0.70'7" 

8. Total Sllnebine houre P III 0.0098"-

9. Total auneh.1ne hour. P 11 + P III O.67"~· 

10. Total solar radiation P I 0.3648 

11. Total solar radiation P II 0.4726 

12. Tot.al solar radiation P III 0.0072--

13. Total solar radiation P II • P III u.904S-· 

97 

'5 "' .. 
'.26 3.29 

3.06 .,.12 

2.96 2.86 

1.11) 2.67 

J.e» 

TABU 25. PARTIAL CORRELATION COEF''P'ICI"!NTS BETWEEN GRAINS M"-2 (1). SUNSHTlfE HClJRS (2) an~ !'£.IN Rt:LATlft 

HUMIDITY (~) 1T P II • P III 

Faotor r value 

'2 0.6na- • 

'3 -0.7ti74"· 

23 -0.8051·· 

12.~ 0.6558" 

13.2 -O.zq11 

P I - Vegetative phase 

P 11 - ReprM.uc t 1", pM.,. 

P III - Ripening pbllse 

_ Signifioant at 5' leyel 
... _ Significant at ,< level 



1) 'l'wpmtun 

'!be correlation coetftcl8Jlta worU4 out ____ 

gra1na per m2 and ditterent meteorological p~ 
at different growth pbaa •• are pres_ted .b!. Table 24. 

Maxl_ and m1IlilDwl air t...,enture at ve,etaU.e pbue 

is negatively correlated wi to gn.b!. nwaMr. 'lh .... could 

be attrlb1.lted to the 1ad1rect ettect ot low lI1D1_ 

1:empenture Oft the panlcle IWIIber .8 alrea4y lDdioated 

1n tbe correlation Table 21. !hJ.a 18 probably .. ot the 

reasons tor the hlgber nuIIIber of gn1na per .2 in 161:b 

July (Slo'M 85) and 26th Jo'ebrual'7 (SWIller 86) pl_Uq. 

'lllhan the m1n1lllull 1:eIIpenture at vaptati.e pbue 1. 

canalderably lowr. Yoablc!.e. (197') find. grain nulllber 

per \IIll t area to increase 'Wi to decrease .b!. t...,enture. 

The Table 24 alao 'br1ngs out that gralna pel' .z 18 

negatively correlated with ~ telllpenture at repro­

duCti.e phaae and SUJlllat10n of m1nlBlll temperature dur1q 

1:be whole growth period. The low respiration lou 

ccmaequet OIl the low night temperature during the two 

pba... migbt have belped .b!. .an .. JV1ng h1sher ... t pboto­

ayntiheai. (ADOIl., 1974) ultimately lead1q to ll1aber 

poa1n pHdllOt.t.oa. 



11) ?lCar .. rex 

Both sunab.iDa boura and sOlar racU.atton dU1'iDc 

vegetativa ph .. a dO not .t.naueaca grain ...... 1'. .., 

solar en8l'gy received during the reproclucUv. aM 

ripening pbasa. have a coMtderabla eisnJ.~lc .. t Maring 

Oft grain to,.tlOl1 (Yoeh1cla end Parae. 1976). '1hia 

could be .uggeeted as the relUlOft tor hip gna1a ..... 1' 

obaerved in 16th end 2nd July (SWM BS) end 26th Fe'Uuary 

aftd. 29th January (;)UDDer 86) plan'tinp __ 'tbe .. 1aI' 

energy recaipt 4Ilr1n.g these pbaaea are taul y hJ.sb. 

111) RalattX' bum"" ty 

The relative hUllidity at later etapa a.11rs a 

negative infiuence 01'1 graS.n D'WIber. l'h1a IIbOwa 'that a 

bigh relative hua1d1 ty l118y cau.ae reduction in graiD 

production. 'lb. !)U't1al correlaUon coett1o.t..ta ~ 

cut (rabla 25). however, abo". that 'odben the etf~ of 

sunabJ.ae hour. is el1ll1Bated the col'Nletion 1:IecoM. 

reduced and non-.1gn1t1cant. :,tlered. _en the 1ftt1uence 

of relative bwd.dlty 1a elll11nate-i. lItIIUIh1De bOUJ'II ... 1:a1na 

a1gn1t1c_t c~at1on tbua indioating that relative 

hum1d1 $y has not mob 1a!lu.ca OIl gn1n produOtJ..OD. 

nut peDicle _ipS prea.1:e4 ill Table a6 1M1oa ... 

.. t h1gbe.t p8ft1cle weight waa NCOI'decl in 16. July 
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(SWM 85) aDd 26th relruary (~ 86) planUq.. P8D1c1 • 

.... ight incl'eaMd tl"Om 18th June plantina upto 16t1l JlIly in 

"WM 85 whlch decl.tlled thel'eatter. SiJIUAJ'1y.tll Sw.er 86 

an increa •• coUl~ 'be seen tJ'OII 29th January upto 261:b 

February whlch decllned w11:b 12tb ~1erch planting. 

water managellleftt pra<:t1ce also 1fttlufIftCe the peft1clo 

weight. lbe hlghe.t value •• l'e obta1ned. with contiDuOus 

submergence (11 ) or su'bmergiftg one (12) or two (t,) 4ap 

after disappearance of _tel' 1ft :;W!>1 65 wbereu 11 pl'Odtlced 

dgn1flcantly he.vier palc1e. than other 1rr1&.t1oD 

treatment. in .3U1111er 86. 

'!'he cO!'l'elation coe:tt1c1 .. te worked out betv. .. 

paaic1e .... lght end raeteorologlcal paI'UIotel'a at d1.uel'Wll~ 

ph.... are pre.ented in Table 'rT. It is t0UD4 that the 

minimum air teaperature .'1: reproductive and. rlplilll1B& pbaee 

is negatively correlated wi tb panicle welPto Ia JlIly 

(SWM 85) and February (.su.er 86) plantiaga Nnf._ a1r 

temperature in 1:bl. phs.. 18 1ow.t than oU\er plaIltS.asa 

(F1&.6) and. this 15 probably l'e..,oulble ~or ~ panJ.cl. 

w1&bt. 1'hla 18 supported by the data on tUlecl grala 

percentese (Table '0) which is also b.iJher 1ft 1:bu. 

planUnp. Accord1n& to Y08h.l4a (1m) til. opu._ 
t.per'ature shitta troll high to low as &J'Owtb pbue 

advanoes tJoom vegetative to rlpea1ng. With l'espec' to 



a\lMh1Jut bour8 aad .018.1' rad1aticm it ia IIl8IlU •• ted 

that panicle welgbt i. not at all Nlate4 to th ... 

energy lIOUl'Ce. in vegetative Im4 rapl'OducUve pIulae. 

But they dO exert _ iZln\MftCe on pellicle wei~t 4w':I.Dc 

r1pen1ng pbue. 'l'hia i8 probably tbe .. e.son for .n .. 
pllll1cle weight 1ft the early plantinge in SWM " aDd _4 

aauon p1antinge done during SuaIer a6. AOcol'dill, to 

Yoahida and AhD (1968) the acCUDllation of .tarch after 

tlowering depell4D on the axt.t of photosynthesis. 3iZlce 

grain rtlling process starts only after nowering the 

pboto8ynth •• 18 after t10werinl ma1nly contrt1:lUtea to 

panicle we~t (Tanaka and Yamagllc:b.1t 1968) _d Dace the 

slsnUlcance of the .. corr.lat.l.on&. 

Fl"OII 'r.ble 28 on leagth of p_101. it. 1a ... that 

panicle. produc.d wn langeI' ~en planted on 16th July 

(S'it4 85) and 26th F.lm.aary (SWDaIItr 86). lD Sifl'i 85 all 

the plantinga produced pan1cl .. 111 of 8i.uU' leagtb \lib ...... 

&lJ":lnl SUllller e6 •• ell Of the planting 41tfU'ed 818n1fl­

cantly. 'lbe aborteat paftlc1e. were aMft with plent1n& 

don. on 12th Febrwu'Y (::lUIBel' e6). 

P.,ucb leDg1:tl dec" .. ed wi ttl increa.. 1ft 1ftterYal 

betweft 1rI'1pUona 1ft 'bOth the ....... Ho""" ... . 

contiJlUOUa aubaleJ"PllCtl (X,) aDd au~ .. da)' after 

10:; 
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d1aappearaace of _ter (12) pl'Odllcecl paDicl.. of 

81mUar IItllg1:b ill ..iWi'1 85. lhe panicle. weft lenstb,. 

with 11 ill ;)U8l1tJ' 86. InteracUon bet __ lrrtpt1cm 

end pllll'1ting periOd was pre._t in Sulrller as wherein 

Z, P4 (26th rebnuu-y) prodUCed long •• t panicle .. 

4.1.2.5. Number of '11114 IID1p PIE PM'sll 

'lbe data preaented in Table 29 em JWIIlaeI' ot 

tUled gra1na abo", that the ... was not IIUCh var1aUem 

wi ttl respect to pl.lII'1tJ.ng periO!.1 dLU'in& S'WM 85. 

Plantiftg8 done during July produced lION nuaMr ot 

filled gralna COlipareci to J\IlUI or AuAUat pllll'1tJ.nga. 

The rUled gra.1n decNaaed oonaiderably with the leat 

plantings. "bere... 1ft sw.&r 86 the fUled poa1n ....... 

was affected by dirterent pll11'1tJ.ng pe£104a. 'lbe hlp.' 

IlWIber wa. SMD with 29th January fOUowed _'y 26th r.brwlry 

planting. A deCreas. in fUled src1n .... 1' was noUOed 

with very e.rly Or lat. plant1ngs. 

A algl'llt1clll'1t di.tterenoe in DUJlber of flUecl grdna 

with water managelllltftt could be obaeJ'ftd in both the .e ..... 

J:::\aring SWM 85 Z, 01' 12 produCed lION an4 COlllpU'llbl. nwaber 

Of p8l'lic1es 1\ban the other two 1I'rlgat1cm 1"&18. ~ 

in 5uaIeI' 86 all the UTi&aUOJl l .. ela dltfeftd and 1, 
read ted in producUOI'l of hlp.' .......,... of flUed poa1u 

per ptII1icle. A reduCtion of ebeNt 2, B end 12 pel' 0_' 
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11'1 the ftWIber of t111~ gra1na pe1cl.-1 va_ 0,,""_ 

lIMn lr:r1satiOll .. IIObe4uled one, t1IiO or tbJ'd days 

atter diaappeal"llDo. of nter as oOlllpaJ'ed to cont1ftucnaa 

aubmerpace. 1be interaotion 'between 1rrlsat1oft aad 

planting p.riOd were present during both the ........ 

Continuous aubalergence with pllllltinp d.e OIl 16th 

and. 2nd July (SWM 85) produced the higbea' mlllMr of 

rUled graina. Plantlng done on 26th FebNaJT (~J' 16) 

Moulted in product1on of mora IlUllber of tUled 8l"81na 

lOG 

than other plantings with any aae of the 1rr1pt.1On lev.la. 

Prom Table 30 it 18 .,,1d_t 'tbat peroe~ «d 

1'111ed gra1na during 3\01'1 65 was hlgbest with 2nd July 

and WIt. aim1lar upto the 11114 Au&ilat plant.1n&.. A pneral 

l'1cture avaUabl. is that the percentage d.c,.. .... when 

planting. were ac!veoed or delayed from 2D4 July, the 

IIIOre the delay h1&her was the deellfte 1n peJ"C-tsae. 
'l.'be prevalence of hish day t.emp4lr8tw'e sn4 c10Udy wath_ 

vi th aborter hours of aunah1n. 4UrJ.ftg the Nov~ 

December (ripening periOd) contributed to 1ncreaaed. 

ater1l1 t1 in the crops planted dUJ'1ng AqUat. fa 

au.ar es, 26th 'e~ planted crop pl"Oduoe4 a1p1f1-

catly 1ibe h1,peat percentage tollOWed lily 29th J __.., 

pl.anUng. Crop planted on Id.d JaIBI&J'1 ,..,. the 1 .... .-



TABLE JO. P!i:RCEN'TAGE OFFILLi:J.) r,HAI'iS S-:A:;'-'VW} s: 

S.W.I-()NSOON. 199; SU'iK-:~ • """ 
P, p 2 P, P, " Po ""on " P, P, . , '5 

-.. ~- .. ~---- ---~ 

" 8}.07 84.14 84.01 82. 3~ B,}.1.t 81.20 82.98 li6.10 ~9.' 7 Ijtl.47 69.10 67.,., 
'2 82.67 8J. J6 83. 18 01.62 82.28 77.')7 81.til 85.2~ ~Y\.'H d7.AO 88.10 "".6, 
1, 80.77 81.00 80. g3 19.56 80,;.11 74.il? 79.5') 82.tJ? A.4 .0;.7 B6.')7 87.00 "'.n 

1, 79.35 BO.02 18.06 76.19 78.27 74.01 77.65 81.20 62.57 8O.Q., 86.0, 05.>0 
He"" 81.47 82.13 81.55 79.93 80.98 76.'1; e3.~ 06.3 1 9;.84 87.,6 1~.28 

P P at r 1 at P P at r I at P 

S!:D 1.42 0.50 0.84 1.60 0.68 0.5B 1.2( 1.26 
CD(P.O.05 ) 3.16 1.21 N .S N .S 1.56 1.41 2.6(, 2.69 

N.S - Not aign1rlo"[lt 

T.1BL1: .". CORBKL4TION COEFl'ICIENTS OF PERCENTA.GE OF PILlED GRAINS WITH HETEOROLOGICA.L PA.R.A.I«Tf'.RS 

J.T DIF!'ERENT PHASES 

1. 

2. 

,. 
4. 

5. 

6. 

7. 

8. 

hctor Pha .. 

Hinl~. teDlperatur. PII 

Minilll. i.e1!peratnre P III 

Mean reIaUn buaUI t.T P II • l' III 

'fotal. Mm..hin. hOQl". P I 

Total lllUDehiD. nour. ., II + P III 

Total Bolar radiation P 1 

Total solar radiation P II 

Tot.al solar radiation P III 

P I - Vegetati" phil .. 

P II - ReproduoU .... pball. 

P III - R, "en ing pm88 

- Significant at 5' le.,..1 
_ Significant at l' laTel 

r .... lu. 

-0.6810· 

-0.7245-

-0.7211· 

O.4~6 

O.80f324· 

0.2608 

0.6629· 

0.905}" 
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"'on 

.... 07 

tr1.26 

~." 

8.,.19 

T"'~ }2. PUTUr. CORRKr.4.!ION COEFFICIENTS BENEEN P'SRCEN'TA.GE P'ILIBD GRH"8 (1) SUNBBrn HOORS (2) 

.lND ~A.N RELt.TIn iIDKIDITT ('}) iT P II .. P III 

hotor r ... Iu. 

'2 0.0082" 

" 
-0.1211· 

2) -0,6055 ' 

12. , 0.6n9' 

n.2 -0.49.0 

P II - Reproduothe pbaae 
p III - Ripening pba.,., 
... _ Signifioant at 5" byel 

•• _ Significant at 1~ Ie.,.,1 



percentage of t1ll.ad grdfta. \\' ater ~t 1Dt1Ufteed 

the fel't11ity in both the .aa.GIl.. CoJ'lt1maoua ......... ,anoe 

( x..) or IlUbmergiftg GIla d.y after dlaa.ppeuwsoe of water 

(12 ) produced h1gher and comparabl. peroenta&. than other 

two irrigation bvels 1ft both SWM 85 and Su.MI" e6 ........ 

A steady decrea •• could be notioed .. 1ftterYal ot .. 11 

dry1ftg 1ftcreaaad between ·two iJT1gat1olul tro. ODe 1:0 three 

days. 'lb. 1ftt.racUon was preaant durblg S-U-r e6 wben1ft 

plant1ftg dClfte on 26th February wi t:h any Oft. of the 1rI'1aa­

Uon produced more peroentage of tUled ~. 

Correlation coeftleienta p:ree_tec1 1ft Table ,1 

1ftdicat. that percentage of f1ll.ed graiDa 18 nepU.ely 

related to m1fthum temperature durirag :reprodL1eU •• .n4 

r1pera1ftg pha.... 'Ih1a may pos.ibly be due to the taot 

that acCUlUl.eUon of starch 1ft the le.... and culM bepu 

about tan days before nower1ftg and starch aCOUllllate. 1ft 

the gra1ft after nowering (~ta. 1966) and. lover the 

taperature during tb1a period, the 1 .... 1' th. nap1raUOIl 

lOll ••• eftd. higher the net pbotoSJlltbea1. (T8IUIka at al., 

,*). 
The I' value 1ncre .... with .. tur1 ty u.reby 

abowiDg that IIJni.aur1 tellperature 1a .ore 1IIpOI"taftt at 

r1penJag pba .. 1ft radIlc1ftg .terUity 01" 1no1"etl81q 

tert1lity. The low .,,,,_ a1r ttlllperatlu'e dIal"1ftc earl,. 



July (SWl~ 85) eD4 late February (~ e6) a1&ht ba'ft 

been reapanaible tor the high 1'1ll4Kl gra1ft pel'08tqe. 

Higlutr mint ••• w.perature SD cOllbiDat1cm with 1.. Uabt 

inteaalty have been reported to .erioualy 1IIpaJ.r rlJ*l1ng 

(Hayashi.1972) beeauae sra1n we1&ht and perc_tap tWed. 

grain. were greatly aftected by llgbt and 'teIIperataare. 

Mean temperature prevalent at tne tl ... r1Il& .tap 

has alao influenced fertility percentap. 1hu 18 in 

agreement with the obsenationa ot LSD aDd PeteraOft (1975). 

Solar energy aou.rc.. do not bave any ettect OIl 

tilled grain percentage during vegetative pha... lilut at 

latar phase. they abOw a profound effect by aolar rad1aU ... 

dur1ng ripening and by eunllhine hour. at reproclUCtive and 

rlpeniDg pha.u.. lbi. cauld be the probable re .. Oft for the 

fairly high t111ed grain perc8fttage clW'1ng early July 

pl8llUnga in 3liM ~ and 26th February and 29th January 

plant1Dga in 3UBIer 86, lIhen 1llan1lhin8 houJ'a are hip. 

Luo et al. (1979) have dllllOft8tratad that hllb .. lar .81'1)' 

increases percentage of tilled gredna. FurtbeJ'llOre the 

rate of tranalocation ot rio. orop 18 abOut twioe .. hip 

d iD the preaenoe of light .. in das1meaa (MetlU"l_. 

1975). 

According to l'oprl .n4 .KaabJ.w1cuJ'a (1~) .wrs11ty 

Uft4er low light 18 cauaecl by inhibiUoll o~ poll.laaUoll ..." 



abaormel. behaviour of tU ... t. at nover1n& bl'iftc1n& a 

decrea.ed .eed .. tt1D3 rete. MatllWlh1aa (1910) 1. of the 

Op1ftion that cloudy weather 01' ra1ny weathar 0CCUl'I'1D& 

11 n 

at the red.UCtlon <i1vlaion stage is the factor .at o1.oMly 

oonnected with the degeneration of spikelets. All per lollbl<ia 

and Parao (1976) tUled. {U'81n pel'C8fttqe appeare to be 

detel'lll1ned by (a> SOI11'08 aotivity relative to alak (.-pikelet 

number) aize, (b) ab11ity of gre.1ns to accept carbohydrate, 

&rid (0) 'tnma].ocation of U81111latea fl"Oll leav •• to grain. 

C1.1lIIatic factors attect eacb of th •• 1ft different ways. 

Solar radiation appeara to a1'tect grain fUling 8D4 bence 

tUle<i grain pel'O_tage raa1nl.y by controU1D& sourc. 

activity and, within lIIOderate reage of temperetuft. appeara 

to a1'fect fUled grain percentage lIIl1.ftly by coatl'QU1D& 

the capac1ty of grains to accept carbobJdrat., 01' length 

of gro1ll1ng panod. The length of r1pen1ftg period 1a 

inversely correlated with daUy aean temperature (Y..-kawa. 

1962). 

It is alao .. en 'tbat .en IIHD ralative bwlWty 

at reprodUctive and ripelLlng pbu.. 18 _re the tert1l1 ~ 

18 low or ater1l1 ty 1a hisb. The partial correlat1oD 

ooeftlO1e.tta W011uId out ('ralde 32) oa fUled ....... 

~tap with a\lMb1ne bOIIra and. relative buIIl41ty 

IIbOW thet • value for relative bWI1cS1ty No_a NdIIOe4 

IIftd aon-aip1f1oant end .. aucb 18 DOt relate4 to ter1lUity. 



The data preaented. OIl tbouaand grain weJ.&bt 

(Table 33) .bow that the planting lIIeCla appaJ"e'tl.y 

do DOt diU.r during SWM 85, lIbereas they dteot teat 

weight during ~UlDer 86. lhe higbest thouaand graJ.n 

weight was noticed vith 16th July toll0we4 _, 11hb June 

plantinp in Svtt. 85 and 26th Fe1:lrUary tollowed. by the 

two JeDUary plantinge in ~r 86. 'lith regarda to 

water IIl8ft8gemll1t, a decline in test weigbt due to 1n'J.. 

gation intervals could be noticed., the cleere .. e 'be1Il& 

more in sUlIIMr a6 than in :;w;~ 85. Contimaoua lII.lD8erpnoe 

( X,) or sublllerg1.n~ one day .fier disappearance of water 

(12) pva rise to higher and s1ll11ar grain _iibt in 

111~ 

S\\'M 85 wher .. s 11 wu tOUftd to be produCing sljpl11'1ollllUy 

IDre grain weight in Sulller 86. The irrigation x plant1ftg 

interaction preaet in c.waer e6 abo ... that 11',. (2.6 FebN­

ary) prodUOed. heavier gra1na • 

The correlation coetridents _rked. GIlt 'between 

thOuaend. grain _lght end meteorological pU'8ll4lten 

pree_ted in table 34 do not ahow any II11Pl11'1cIIIlt 001'N­

latloaa. Tb1a .. ,. be bee... the var:1atloft 18 DOt .vlcU,. 

in acool"Clanoe vi til the chan,. in clUatlc C08d1 t10aa during 

tIM dUteret planUng pertoda. 



UBr.E 33. THousMm GB.AIN .... 'EI GHT (G), 5':ASONlnSE 

6.W.MONSOON SUHHZR, 1986 

" P2 P
3 P 4 P5 P

6 /-le&n P, '2 P3 . . , 
" 

I, 20.'6 20.06 20.56 20.36 20.27 , 9.99 20.23 20.601 20.65 20.20 21.02 

12 20.11 20." 20.61 19.90 19.89 19.8) 20.0<l 20.47 20.;9 20.27 20.0 

I; 20.04 20.1 i 20.57 20.01 '9.73 19.65 20.02 19.6; 19.9; 19.91 20.19 

14 19.62 20.0; 20.36 19.92 19.60 19.42 19.97 19.73 19.82 19.12 '9.87 

Mean 20.13 20.10 20.53 20.05 19.87 19.72 20.20 20.20 20.09 20.36 

p ? at I I at P P at I I at r 

SED 0.23 0.95 0.' 9 0.26 0.10 0.01 0 .. 18 0.'9 
CD(P.O.Q5) 0.51 0.23 N .s N .S 0.23 0.'8 0.38 0.40 

N.S - Not signifioant 

UBr.E 34. CO=LA·IO~ COEFFICIENTS OP 1,000 GRAIN WEIGHT 'oIITH I£TEOROLOGICAL PARAMETERS .u 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

DIFYSRENT l'BA.SES 

Faotor !'ba .. 

Minimum air '"temperature P I 

Mi.rJ.imum air tempera"ture P II 

Minimum air tempers tare P III 

Totsl S'.lIlshine bOUT. P I 

To-:al g~~.9bine hou;-s --
?o";.8.1 S'.;r.shi.'1e hours p III 

':'Gt~l ~():ar r[.j.j.:"ation p I 

':'otLl.: solar raJ.iation p II 

'~otnl !'lolar rudia ti on P III 

P I - Vegetative phase 

p II - RepI'oductlve pbD.e8 

P III - Ripening phase 

:r "'t'8.1u. 

-0.1840' 

-0.2140 . 

-0.4520 

O. '321 

0.2135 

0.3E>51 

0.1853 

0.4001 

0.475 7 
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P5 ... ... 
'9.92 20.49 

'9.87 20.29 

19.80 19.94 

19,15 19.83 

'9.84 



lbomely (19'71) propOs" that the aubetrate 

required tor growth may be part1 tioned in three wa,.., 
part into the tinal. product, part lnto reapiration to 

supply the energy needed. to torm the t1aal. prodUct aII4 

part into the respiration required tor ceU aae1nte&ulnCe. 

Due to th_ 11Jl1ted availabUity ot water UDder 12 to 

14 and reaultant low photosynthesia the au'batnate 18 

limited and 1t 18 poaa1'ble that an inorea.e in mainte­

nance resp1naUon, with increasing temperature (11&.6) 

might limit the 8IIIO\Ult ot substrate av.uabl.e for growth. 

Ihis cOUld be ascribed aa the reason tor low tbowIan4 

grain weight noticed UDder late August plant.tqa in 

oS Wi 85 and mid March planting in SUlDer 85. 

Th_ depoe_ of rip_ing 1& the produot of 

percentage ot ripened gra1na and tbou .. nd gra.1D wa1Bbt 

(Oaada et al., 1973). 

lbe correlation 'fable '5 abows that the degree of 

ripening 18 related to yield and yield. attribute. at a 

very high level. 

There 18 a poeater aaeocl8Uon of degree Of 

ripening w1th ._t ot the .. teorolog1cal paraaetera 

113 

(Tab1. 36) than wi ttl peroent.qe of fUled cra1U (table 31) 



11 ~ 

Factor r yBlue 

1. Gn1n yleld 0.9383"· 
2. Panicle •• -2 0.9'''-,. QnJ.na .-2 0.9641-
It. 1I!e1sht panicle-1 0.8589·" 
5. Fertility percentage 0.9613*· 
6. Thouaand grain lftti gJlt 0.3601 
1. LAI 0.02)6 ----_ ... "' ... _- ..... __ . ...,. ....... . 

•• - S1gn1t1e_t .t 1 '" leV'~ 

TABLE 36. CORRSLAU<"N CO&FFICli:;m:s uF UiWRES OF RIPlilIllNG 'fITH 
1'll.l;'l'wRO.w"ICAL F-ARAMl>T&1iS Al DIFFEREri'l' .. w..s::;s 

---------------------------------------------...... . Factor ----_ .. -
1. !.:1niJIIwII e.1r temperature 
2. i"1l'lll!11.ll!! air telllpenture 
,. 1'01:81 SUft$hlM heN" 

4. Iot&1 SUDahJfte houra 

5- 'total 1lUn8h1ll. houns 
6. 'l'otal solar rediat10ft 

7. 1'01:81 solar rediatiOl1 

S. Total solar ra41at1_ 

9. Mean relaUTe bull1dlty 

.. _ SlgtUt1oa1: at 5'li l_e]. 
•• _ 81.,.u.ttcet Il~ 1~ l..,el 
P II _ IWpl'OduOtlve pqa. 
P III - IU.pelDg pbue 

Phea. 

P II 

P III 

P II 

P III 

E- II + P 
P II .. P 

PII 
p III 

p II + P 

In 
III 

III 

I' Yslue 

-0.6329* 
-0.1361· 

o.8!Jlt9** 
0.1510** 
0.8150"· 
0.9021*· 
0.6552* 
0.9111"· 

-0.1211· 



or with thouaand grain weight (Table :54). lhJ.. expla1Da 

that SOlIe of the variations in yield obtaiDec1 lIftder 

dJ.fferent meteorological condi t10na are attrll1utable to 

variationa m de.,... of ripening. 1hua the decree ot 

ripening may aa well aerve a. a ma30r 71eld at\r1liute 

determ.1B1ng the yield. 

:the Fig.9 ahow. that degree of ripening 1a hipeat 

in 16th July (:;"'<1 8S) and 26th F.bl"WlJ'Y (:;;u.er 86) 

planting. followed by 2nd July aftd 29th JItINaJ'Y of 12th 

Febnlary plantlnga during the •• eeellOna, rellPec1:.1vely. 

The lowest degree of ripening i8 recorded when plaftted 

in late AuSWJt (SWM 85) or mid JanuaJ'Y (SU-er 86). 

The mlnillllm ail" t8lllpe1'lltw'e at later two phu •• 

is strongly correlated with thU character (Table ;56). 

lbe lIIin1lum temperature at ripening pbaae i8 IIIIlch IaOre 

related to degree of ripening than at repl"04tlC1:1v. pbaae. 

In 16th July aftd 26th rebl'Uary plafttlnp 1II1n1alua air 

t.pel"8ture during the •• tllO phase. are lower the other 

plantings. fo8h1da and Hare (1911) have ahoWl'l that 

optilll.Ull <!aU)' mean tempel"8ture to achleve 1IUi_ we1&bt 

of grain was 19-2,·C tor IR 20 rice 1nd1cauaa the 

ll11pOl'tance of low minilUlll temperature in &rain tlll1ng. 

'!be relatively bJ.gb degree of rip~ obte1M4 J.a 2nd 

July (SWM 85) or 29th J.......,./12tb retmaar,. ( ...... 86) 

1 ' ,­_J..j_.! 



111: 

may be attributed to tbe effect of hip aunablae bouI'8 

and sOlar racllatioa receiVed during the I'8pl'OdlilCUve 

and r1pening phu.. even tbougb the m1n1lNa tellperatun 

1s high. 1'hua the untavOllhble effect of telllp .... tur. 

is more the COmpensated by the BIOst favourable iId].\leIlOe 

Of 8Ubahlae hOul'8 enti 801ar radiation c1ur1a& the period 

of ripening. 

Another BlOat striking feature that could be 

1dentif1ed fl'Olll Table 37 1a the rat10 bet",.. e\lDu!ae 

hours and m1n1aum temperature 1IIhlch abo",. • oolllparat1vely 

high value for 16th July anti 26th February plant1aga. 

TABLE 31. DEGREE OF RIPIiNING AS INFLUENCED !Y MErEOROLOOICAL 
CONDITIONS DURING RIPENING PHASE 

Planting Average 
date aunehiDe 

18-6-198} 

2-1-198} 

16-1-1915 

30-7-198} 

'3-e.1985 
21 .. e.198} 

'5-1-1986 
29-1 ... 1986 
12-2-1986 
26-2-19. 
12-3-19. 

(hn) 

5.98 
7.01 

7." 
7.41 
5.69 
5.36 
9.96 

10.09 
8.64 
9.54 
8.92 

22.14 
22.13 
21.18 
21.73 

21.'7 
22.69 
22.'3 
22.51 
20.88 

20.'" 
22.15 

0.'Z1 81.5 
0.'2 82.' 
0." 81.6 
0.34 79.9 
O.'Z1 81.0 
o.~ 11.0 
0.45 83.9 
0.45 86.3 
0.41 85.8 
0.46 ,".6 
0.40 86., 

1000 Desree 
IraiI.l ot 
vt(,) rlpe1q 

20.1 
ao.1 
20.5 
20.0 
19.9 
19.1 
20.0 
24.0 
ao.O 
20.2 
19.8 

16.:;8 
16.54 
16.13 
15.98 
16.12 
15.11 
16.18 
11.26 
11.16 
17.10 
17.09 



1'hJa 18 dUe to low m1Di1Ulll teap .... ture and h1sb ..... _ 

houra dUriq the period provi41ng 1IIO.t. coaaen1al condJ.-

tlon tor the proper rip-ina ot gnJaa. 

With high sola!' enel'lY receipt.. .. n-m photo­

synthe.is take. place and UDder low llWl1.mum t.emp .... W" 

leas .... plnatlcm 10 •••• and max1Ja11'11 coDV .... ion ot 

a.Similat. •• (Saw at al., 1913) reeult. Even tbou&b 

a high night t.eIIp.nature 18 obae!"l'ed 111 lilt! Auauat 01' 

.arly J81'1\Iary plant1Dgs the photosynthaaia ta1C1ng place 

during day OClllHqUtnt on high solar c.I'Q Il10" than 

compensate. tor the re.piration 10 •••• dUring niSbt 

(Moss at al •• 1961). ;JUriq late AuglUlt (SWM 85) or 
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m1d March (SUIlllJeI' a6) lower degree of ripening 18 obee"ed 

because Ul'lder oomphx condi Uon. ot low 11pt 1Dtca1 ty and 

high temp.nature ripen1ng is _at adveraely dtected 

(Matsuah1aa, 1957 aDd Hayashi. 1972). 

lb. COtTelat1on fable 36 also brings out that 

de,". of rJ.pen1ng is negatively correlated (I' ... 0.121,·) 

with mean !'dative NIII1d1ty dLlr1n& reproductive an4 

r1pen1ng ph...... But the partial col'l'elat1cm co.ttic1_ts 

lIOl'Iled out (Tabl. 38) shows that 'NIleft the intlueaoe ot 

8W'1.8h1ne hours dU.r1ng the.. pbaae. 18 .u..inated the 

cOlTltlaUoft of degree of rip_ing with !'dative hua14J.tJ 

becoae. reduCed _4 noa-sipUlcaftt. <tihere.., .. _ a1te1' 



removing the .fteet of relaUv. huIIl141ty, the oornlat1on 

of degree of rlpeDlng wi til sunlb1ne ho\ara aUll rete1ns a 

algnlt1cant value. lllis IShowa that relat1v. hwI141ty as 

such hea no apparent 1n!l.uence OIl degree of r1peD1a,. 

TABLE 38. PARTIAL CORIlJil.ATION COWFICIFJfrS BETWEIll'I DEGREI:. 
OF RIPIilUMG (1) SUNSHINE HOURS (2) AND MEAN 
RZLAl'IVE HUMILlln (,) AT REPROOOCTIVt. AND 
RIPENlllG PHASl!:'.S 

Factor r value 

12 0.8150·· 
1} ..0.7211· 
23 -0.6055-

12.3 0.6863· 
13.2 ..0.493' 

.. - S1sn1flcant at 51'> l..,el 
... - S1gn1f1cant at 1" level 

4.1.2.9. Grpip y1Il4 

4.1.2.9.1. RlG-" to p1yt.1og RIrlod 

The gJ'aift yield data are pNaeted 1b ralal.e 39 and 

depicted 1b F1&.9. 'I'ranap1anUnga dOI\e OD 16th Jul.,. ad 

26th February gave the higheat yields du.r1Dg S'tIM as _4 

5U1Dtr 86, respectively. Ibis 1a tollowe4 bJ lad Jul.,. 

(SWM 85) _ 12tb February (Suaer 86) planUAgs. the 

lowe"t y1elcU are J"6conle4 we pl8ft'ted e1 thel' OIl 27th 

AuBWlt 1b ,,_ IS5 or on 29th JaDI&X"'/ 1b Su-.r 86. 

ll~ 
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lbe Haul ta o'bta1ned .. ,. be eaplaJ.aed ... vi .. 

of tile pertorll8ftCea of varioua growth and peld 

attributes diacuased earlier aJId the correlation 

coefficient (Table 40). Obeft"Yat1cma lad. Oft pbnt 

he1~t (Table 8) bave shown tnat the heir;tlt .. low.t 

1ft Auguat p1ant1np during SWM 85 and 15th J UIII8l"J 

planting 1ft Swaer 86. The h1gbe.t height ".. recorded 

121 

lid. th plantinga l18d.e on 18th June and 29th JIIIl\IaJ'Y in tn. 

respective .... ~a. An 1ftcre ... 11\ height le.dB to Ialtual 

sbad1ftg and greater respiration 10 .. laa41ng to re<1uced 

nat photosynth.a1a and gra1zl yield. CCllllparative1y h~er 

LAI at !lowering diaplayed by the plantin, p.n04. td 

S\l.tl 85 might have alISO caused IIOre IlUtual aba41fta IIft4 

1JIpa1red the yield. 

Fro_ Table 20 on paD1cle. it cOUld 'be .ND that 

p8l'licles are lowe.t in the tvo ,\Ugust (;J\lM 85) lIIlC1 29th 

January (SUlllller 86) plantings and are hlab.at wMn 

plantings were done Oft 16th July (SWM 85) II'ld 26th F •• bruary 

(SUlllll8r 86). 18th J\lfte and 12th f.brUary plant1ap also 

reoOJ'ded a lIUCh high.r number of panicles than pl8l'ltJap 

mad8 on Auguat or lste Jamaary. ~'Saoe pU1cl. ...... 

(fabl. 40) 18 .. of the 1aportent y1ald attributes 

baYia, a 8ignU1cant poait1v. 1Iltluec. on J1e1d (,.. 0.9299**) 

th1a character .. t be pri..rll,. rHpOfta1'b1.. for tile &ft1ft 



1 ')') 
.J. ......... 

yield <lUterenee. noticed 1ft 41tferent pl.rtlnp. Heoe 

grain )'1eld. da'te tollow. IIOre OJ' leu the .... pattem .. 

this character. 

TABLE 40. CORRli.LATION CIJEFFICIl!.NT OF GAAIN YliLD d'l'H 
GROW'l'H AND YIELD ATTRIBUTES 

--_ ... 
Factor I'value 

1. PalUcl •• pel' .2 0.92991"-
2. Oraift. per .2 0.8170-
3. Weight of panicle 0.8267·· 
4. Fert1l1 ty percentage 0.867"·-
5. 1000 grain we18ht 0.4907 
6. Degree of ripening 0.9'83·· 
7. Dry matter pl"Odl.totiOft 8t 

fta" •• t 0.6249-
B. LA!, at fiowel'1ng 0.832'7" 

Anotber laportaDt yield .ttribut. i ••• , grain. 

per m2 also tollowa the 88IM trend •• that of pa1c1 •• 

pel' .2 and infiuence the yield of ditterent pl8lltinp 

in the .... lII8ftftel'. Ita poai Uve ool"l'elaUon "Ub IJ'81n 

Yield 1a also QUite high (I' • 0.8110**). 

Baaed Oft tbe bigb correlations obtained be'twe.!n 

yield and panicle. pel' ,,;. aIld gra1JUJ pel' .2 tile tollOlllLq 

.xPlemation holda good tor vanat1cWl in ytel.4 Obtained 

UDder ditterent planting per1oda. 



TheoreUcally, a hi~ yield of oereal ia realleed 

cm.ly atter, (1) the plant developaent be. be_ carried 

1 '), • 
.ol. b. ,) 

out favourably _0Ilgt'l to bey. IlUttio1ently larae pot.Ual 

storage oapacity. (11) the .. 81I1111.t .. beve bee .blmdafttly 

produced. and finally (111) they have been a.ooUlly trana­

located to the grain (litarata aftd :logari, 1m). In the 

cue of rice plaftta, the gram 18 rigidly _cl.aed by 

mner end outer glWll8IS which 1Iapo.e a phyaical .... ~cUon 

on grain deVelopllent. Becauae. abe of glwae 1a cleo14ed 

alrea4y on. week before the start of aftdoapeJ'lll d4rY.lop __ t 

(Mateuahtma. 1951) lt IlIUSt be couldered, tneArore, that 

the potaftUal storage capacity of ric. 15 deteftiaed by 

the two faetors 1 •••• the total JNfIIbeJ' of sraln. p.,. .2 

and the she of each hull. AecorcUng to Matauab1aa (1957). 

gra1na per m2 1. deteJ'llline4 by the bIll_o. bnw-n tile 

ftUIIber of ,.,erate4 graina and that of deganera'Hc1 ..... 

Judging t1"OIl the time "equIllC. o! 4Weftta. various inner 

and outer COIl41tiona _lch are .ffeetlv. ~r PreY_t1a& 

depneraUon, lUat alao be .ffactive lOr iacreaa1ng the 

hUll aize. Th. faot that there existe a correlation, 

allft1f1C_t at 1 per cant level in cae •• of p_icl .. per 

,.2 aDd graiu par .2, in41catea that the fint lac .... 

.... pou1bl. tor d.t"I'III1D1a, grain yl.1d Of rio. 1a .,.t 
probably the potet181 .torap oapac1ty. 



HOV4Wer. 1000 grain weight 10 •• not vary 1llU0h 

between difterent plant1nga (Table '3). Ita COrre181:lon 

with yield is slso not algD1ficlU'lt (I'able 40). FJ'OII 

1 ') I 
....._ ..... '1 

the Table 33 it COUld be .e .. tbet in 16th July _11 2Eitb 

Febnaary plantings comparatively a hiper 1000 sra1n 

we1~t is obael'Yed dUe to fllVO\lJ'able rip_ins conc111:lona. 

'1be picture 18 IIOre or less the same wi ttl weight per 

panicle (labla 26) in these plant1nga. All th ... aight 

have contributed to high.r yield in the above plantings. 

Table '0 abo_ tbat tenUUy is higb (in other 

1rIOrds sterility ia low) in 2nd July {5wi'1 65} and Febnaary 

(~r 86) plantings followed by 16th July and 12th Mercb 

plant1nge in theae respective .... 0IUt. Ib. decr-e of 

ripening (Table 37) is slso the highest in thea. l'h. 

degree of ripening and fert.Ui ty percentage show a .trGrlg 

'I)OGlt1ve association with grain yield glvlq Y' values of 

O.9~3.· arld 0.8614-, re.pectlvely. The his,ber yielcl 

reaul ted by plantings made on 16th July or 26th Felmaar7 

lII1~t bave alao been iIltlueced by the.e Characters to a 

considerable _xtet. 

lbe COl'Nlation Tabla 40 ebOwa that there a:data 

a hisber poaitive oc .. ralation betwee gra1n yield .-4 

clapoM of ripen1ng (I' • 0.9382*·) then ill cue of aMb 



Of the other factor alone. Aa already IHIltiOfted, 

panicle. per .2 and 8I'8bs per .2 alao ahowe4 peaiti"e 

col'l'elllltiona with y1eld. HoweYer, they we" of l ... er 

lII8gI'litude than in cue ot degree of rlpl!ll1n&. '1bWI it 

cOUld be suggested that the y1eld ot crop. lUlder 

different plant1nga were governed mainly 'by the de.,... 

ot ripenbg. 

A perusal ot data on D!<IP at tlowel'lftg and. h.,.e.t 

(Table 14) show that post-floWfl'ing Il1P is comparatively 

higher in m1d July in 3WM 85 and hJ.gbeat in 26th rebnaary 

planting in SUlIIIIer 86. Yield also recorda III pos1tive 

correlation wi th Di~ at harvest ( I' • 0.6249*) ... een 

in Table 40. As already explained the !a"oura'bh weather 

condit1ons dUring the reprodUctiVe and rtpenJ.ng ph •••• 

of t.~ .. e plantings must have belped in mbanctld poat 

flowering :'n"1P t.II11ch in tum lDWIt MV\! contri buted ttl 

MaP grain yield. since according to Tanaka ft al. 

(1966) poet flowering inoresa. 1n dry matter 1a priaaJ"ily 

in the !orra of' grain. 

This lIlay be dUe to that in thne Hper1aenta 

plants .e" grown UIl4er tert.1l1zer 00Ild1 tiona with ~ 

three major nutr1en~ eletDln'lta at 100.50'~O q ba-\ 
rupectinly. 1'hat y1el.d 1a lla1te4 'by r1peB1na rather 

tban DUllber ot gra1na .u otten ... wh_ pllllta pJ'OdUCed 



aplkelet. more than a certain enet by appl.J1ng eoup 

fertU1ul" or 1:Iy other raeaaure. (~ratat 1969 end Oeada 

et al., 1973). 

lbus it 18 .een th.t III1d July plant1DgJl in SWl'I ~ 

and February planted cl"Opa 1ft 3uaDer 86 hllllVe giye higher 

yield the early or late plantings. Hajagopalan et al. 

(1973) report plantings done on 15th July and 15th "eb!'Wll"Y 

reaul ted in highest grain yiald tor IR 8 under Coi.batore 

condi tiona. Subb1ah (1976) alao obaervea a1 snit1cantly 

high yield ,,'1th February plantings. Mendal (1970) has 

reported that when plantings are diOne 1ft ~ .e88Oft web 

a way that their ripening periOd coinCide. w1 th h18b .01 ... 

radiation, h18ber y1e1ds COUld be elq)eCted. 

The data presented in Iahle 39 and FJ.g.10 abow tbat 

by and large continuoua submergence was nece.aary to get 

h~er yields in all the plantings. A recJuction of about 

2.19, 4.46 and 8.31 per cent in yield ®e to irrigations 

done at one (12), tlIO (I,> or three (14 ) clays after 

dJ.aappe.raDce of ""ater compared to continuoua su~ce 

(1,) waa noticed dUring SWM 85. In Summer S6 the 41ttenncea 

were 1.98, 4.29 cd .... 96 per cet. r:,e re4Uction 1I1 grain 

yield may be dUe to 1IIII)1awI'fr atrea. at • tiM d.UriJl& 20 

clays before and 10 daya after heading (Ma~. 1962) 



t-
~ III 

~ 0 W 

III ::..: 0:: > 
t- W l.L 0:: 

Z w 4: 
w 

== 
III ::t: 

t 
....I 

U 4: w 
::t: t- o:: 

l.L t- O 0 
l.L t- l.L 
W == W 

~M 
0 Z tIl 
U 0 0 

....I ~ III 
Vl Z W ::..: 
'" w 0 >- 0 W 
w t- <! w 

, 3: 4: z 0:: 3: 
--I'" ....I 4: w 0:: 

0:: Z 
0:: Cl 

<! w 
0:: ....I > 
0 l.L 0 W 
U 0 III III 

'" 
__, N 

0 0 6 6 6 

SlN 3IJI-".BOJ NOI1'1l3,HlOJ 
Cl 

l.L 

'" a:> Z 
0 

z w t-
Z 

0 '" <! 4: 
0 ....I W 
Vl W ~ 
Z 0:: 
0 w 

0:: 

::;: ::;: 

3. 
::;: 

Z 
t-

:::> Z 
IJl (f) W 

~ ~ ::' I", ~ III 
.<:: W Cl 

C1I 
Cl Z 

.:!£ <! 
z t-

<! z 
4: 

0 ~ 
....I 

....I 
0:: Cl-

W 
:;::: W 

t- ....I 

4: ....I 

..:- Z 
== 

<! 
<! 
0:: 0 l.L 

Cl t- O 

co '" co 

co '" co .n 0 

r' co ~ '" 
.... 

'"' 
co '" '" ~ 

Cl 

"4 6~ 1 Ol311- NI'1,Hl l.L 



due to tbe trequeat 8011 c:lriap .blah 18 the pftk perio4 

of water requ1rement aDd sa a Nal4 t of h1&h o'DOapb.""'. 

t!VII.por&tiv. d_1Ift4 ad iababnce of 8011 IIOUtwoe atnsa 

UDder the lower lrr1gatlon levola. That eoU lII018tun 

streas depresses the rate of pbotoaynthe.18 1110 ... thIIft of 

respiration (De Datta et al •• 1973) and affects tbe Cl'Op 

yleld (GhUdyal and Jena. 1967) 18 a utabl1ahed taot. 

The yield reduction with the lrrigation "'SiMa X, 01' It. 
in :,Wi4 85 and 12 to 14 in ";WIIIIler 86 18 a ... fleotion of tbe 

lmpairmaftt in the growth COIllpODents alnce tho plant 8J'O'Wth 

end yield attributes L.U, panlOle. per .2. gra1na per .2 
etc •• ~lch exhlblted positive and d!!!Jl1f1cant correlation 

wi th grain y1.1d shOwed reduct10n under the.. 1r1"11&t1on 

regimes. The rlc. crop response to water atna. at 

vegetetive phas. baa been repoI"ted prt.arily 1ft terru of 

reduced plant be18ltt. tillers and leaf are. (tAAI. 191') 

1IIh1le at • IDOnt aans1tive reprodUCUve atqe I1Jle .flower1llB 

due to 14 Ift'el h1gtl aterU1'ty resI4 ted 1a the PMtea't 

redalctlon in grain yield (MataubJaa, 196&). It may ~IIO 

be pointed out that Tomar 8hd GbllQ'al (1915) obaerve 

that rea1atenee to water t ..... port in ..... nOOde4 rl_ 

pl8llt (0., ata) .. nearl: twi_ .. hlsb .. 1ft t'1ooa4 

plenta. J!:Yl4ent.ly in thia atudy the lrr1I&t101l NCiM. 

of aulllllarlbc two or three de,. atter 41a~. of _.1' (I, or r,.> .. _t ._. to fIIll, aen ...... 



Deed DeoeaaS. tilted. daU'1ng the cr1 lieal ~rs..cs tor 

pr1lloJ'IUU lIlJ.tiaUon and dwelop.-t eapec1allr dllrSng 

Suamar EI6 leadiag to ndLtced paaJ.cJ... per .2. aboMer 

panicle. and ' .... el' DUIIIber of grain. p.r paaic1e cu1a1-

nating in reduced grain yield. 

A peN.al of Table 47 Oft qualUty of water oonaaMli 

tor all plantinp togethar and 11'l"1pUon level. alone 

1 t could be .een that oont1lllMN. 8Ilblllergea.oa required. 

1524 IlIIII rollowed by 916, 839 8Ild 752 .. of water under 

12, X, and 14 11'l"1gatLon levela, respecUYe].y, dIoI.J"1nl 

.:;Wl,\ 85. The tiaure6 tor the .... pecUve lrrlpt10n level. 

dUring ~UllllMtr a6 we" 1681. 1131. 959 aIld 829 ... 

S1llce the grain y1elds obtained ua4er the 1rr1pUOft 

regime. of r, 8ftd 12 are 8bUIlI' 1n ;; \liM 85 _d Mcauae a 

redUCtiOft of ~ pel' ceat in water oould " obtained by 

acheduling J.rrJ.pUon ODe day atter diaapJ)ftJ"8llOe or "atel' 

(1
2

) aDd oona1der1ng the eoalOlly in 1rri,.~J.on _tel', 1t 

cea be 8Ilggeated. that irrigation can be !'Mortecl to _a 

day after diaappearance of .. tar in 3WM 8,_ The Ill_Uq • 

1JTlption interaction wall algn1tloent in both tha a..-ona. 

Planting clOne on .,6th July el1:ber w1th oontiauoua aw.u­
ge.nce (X,) or sublle""SinB OD. day after dtaappeerace ot 

water (1
2

) p1'OdLlcecl the h1gbeat g1'ain yield durtnc SWM ~. 

This .... followed by pl_ting clOne Oft )otb July ~tbw 



with Ii level of lJ"1'1gatlon. ;:Ur1ng gw.al" 86. 26th 

FebNary planting Uftder continuous aubaergence (Ii) waa 

found to give the highest yield than other OOIIb1naUona. 

I'his was followed by 12 with the same planting. 

Plant height. plant W41ght or lea! e:II,Panaion were 

affected by temperature .. already diacuaaed in th1. chapter. 

In general infiuence of el1lDatlc ractora dUring vagetaUTe 

1)%'OVth or preh.eedins stag'! on wese morphological charactera. 

tillering or spikelet tol"lllation llIU$t exert upon grain 

production. However, in this exper1lllant M app:ree1able 

relation betlrnn grain yield and cl11Ratie facton during 

vegetative stage could be found. 

In general the influence of cl11Ratic tacton on 

grain yield may be conaidered in the following tlrO pbuea: 

(1) the infiuence upon the es~bl1ah_nt of ·Yield prodUC­

tion system" upto heading (flowering stage;, and (2) the 

influence upon the ·operation efficiency" of the 

eatabl1sned syzten" dUring the grain fUling period.. It 

is r:l6inly in the second ph .. e that the climatic factora 

give direct effect upon grain yield. 

1) IFptrata&n 

The correlation Table 41 aha ... that grain yield 

recorda a negative aasociat!on with mlnillUll air temp.ratun 



TABLE 41. CORf~U(lN .;oLFFIClo::'n';3 iJF IiRAI'l YI4.D wIre 
HET1XIRi./LOi.tlCAL PAHA.<"Ir<.i·!!:~ A'i' IJH'~'~4T ~,!:S 

Factor I' value --------------------- ..... _-----. __ .. ----....... ---------
1. l'!J.nJ.a.&m air temperature P I -0.6910" 
2. r~in1mum air temperature P III -0.6143'* 
3. a1nimum air temperature f' I • P II + P III -0.6247· 
4. I'laxirum air temperatura P III 0.6'27" 
5. clean relative l'lWlI1d1ty P II • P 111 -0.7:;:;4"* 
6. "~an ralat1ve hUmidity P I .. f' II + ? III -0.8246"· 
7. I'otal aUlulh1ne noun P I 0.6008 
8. iotal SUft8hine hours I'll 0.6584· 
9. 1'0 tal 8UD8h1n. hOurs P HI O.7.14\Xi .... 

10. Total aunahine hours l' I + P n + .. ) III O.647U 
11. Total $UUhine hours p II ... f' III 0.8216"'-
12. Total solar radiation P II O.6Sl()'t 

13. 'l:'otal $Olt.tr re41etion p III 0.9296+· 
14. lotal solu radiation p II + P III 0.8'7814 .... 
______ a __ ....... _._ •• ___ 

P I .. Vegetative ~.Q£e 
PIl .. Heproducti ve phase 
I" III .. Ripening phase 
.... Significant at 5;' level 

H .. ::l1gni.f1cant at 1;. levfO.l 



at vegetative phaae. lhe low mlnl_ temperature dur.lng 

th.J.t. phue lnfiuences I;;-rein yield indirectly by inc1"eUllng 

the pan1el e8 as 81reedy explained. lbe low night 

temperature et later phuea infiucce. the paniCle number 

and prodUce !!\Ore spikeleta by preventing the death of' 

panicles initiated Wiers {'tOShida, 1973J. '!be h1.gtl J)!lP 

at harvest is alao favoured by cool nights by preventing 

tile exeeasive respiration and conserving maximum photo­

synthetase lbis effect of' low nigl1t taapenture is 

:l!aJli!ested on other yield compODente such a. filled grain 

f.H!'rcentage. panicle weignt ana degree of' ripening. lh.t.a.Ls 

probably the reason for high yialda in 16th July (;:;WM 8~L 

and 1 ebt'Uary (;,;u_8r 86, plantings. I<'.oreover the low 

teoperature during the rlpcing perl.od prolongs the 

ripenin" phase (Tanaka at al., 1966) wb1eh in tum mere .... 

the amount of' soler radiation received by the crop reiNlting 

in a higher yield. 

In 2nd July (s~'fIi 85) and 12th JiUCb (·:>\lllllMr 86) 

even thouch high night temperature is experienced at 

Z"ItJ)ro4uCt1ve and ripening phs ••• the Bra1n yield 18 

comparatively high because under conditions of' bisb sOlar 

radiation receipta during this period, photo.yntbeet. 

during day tilIIe more than eOlBpeDSat.a the reapirat.1on 

lOB." during night due to high mlnSDVII temp.ratu.... Th. 

lab1e 41 alao shoWlil that tile grain yield 1a negatively 



., <)') 
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correlated with lIIiftJ.mum temperature during ripening pbaae. 

Accordtng to 1'Iatau8h1llla and i'..:naka (1957) an opU_ 

tellpll!ratun for ripening Oft the ripefting stag_ ..... to 

be approxlllllltely 2Z"C and higher temp .... tuh th8rl zsoC 

brinG about unfavourable effeeta on ripening ot the rice 

grain. The rate of translocation of carbOhydrate increasee 

. ith teclperature upto about 25·C, bu:t it eeem.s to k..., 

almost constant in hilJher te~.raturea (Natau8h.lma and 

\>I ada , 1')59). It 18 reported that wi tnin 17-30·C, lower 

the temperature, the higher the grain weight (';;;umk1 et al., 
19(6). Very hign temperature alao brings out di.turbance. 

of starch acculllu.htion (,-bete Md ~;agatO. 15!67) or deterio­

ration of grain quality (Nag.to and :beta, 1965;. The •• 

studtes indicate that high temperature haa unfavourable 

1n.tlul!Ilce on Yield of rice end the opU .... telllperature 

for grain production in indica rioe s.e_ to be arouad 

u) lltlaUn humiditx 

",",.1n Yield is n~gat1vely correlated with relative 

humidity during thl! entire grOWth period Or reproduC'\lve 

and ripen.1ng pbaaea. HoweYer, the partial correlaUon 

':table 42 ahows a negative 8aeociation between mati .... 

bum1& t y and st.mahir: hours during the repro®cU.,. and 

rip_ing phU .. takeft togethar (I' • ..0.6473*). lb. Mgative 



ettect of relative hWD1dlty on yield may be dUe to Ita 

indlrect enect ot sunshine nour. on yi.ld. SlDoe r9l. .. 

ttve humidl ty is irrveraely related to euaah1ne houra, 

cloudy days being more hUmld than 'br1{1}lt clays, 8UD8hine 

hours givea better correlation with yield then relative 

humtdtty. The hwIIidtty of th~ atmosphere influ_c •• the 

rat. ot transpiration. Ill. increued or deoreued tl'lll'Ul­

pire.tion may innuence the pbyaiolog1cal processe. 

affecting the yield. Ghlldyal aDd Jana (1961) ObalS""lS 

similar negative in!luence on yield ~~th relative b~ty 

and they conclude that lower relative humid! ty is one of 

the agro-met.orologicrJ. tactors for IIl8lE1awI I"1ce production. 

HoweYftr, in the present inve.tigatlon the partial 

correlation coefficient. worked out (1.1:I1e 42) shows that 

when the effeet of sunshine is eUlIIlnated. the coefficient 

value of relative humidity is redUced to Ii low, negatiVe 

and non-alt!:1l1ticant level. At the s_e time even after 

NllOvlng the influence ot M)lative huII1d1'ty. the uaoeJ. .. 

tion between grain yiele', aM 1$un.&h1ne hour. sW,l retalll8 

• positive significant value. 



TABLE 42. PARTIAL COHREJ.ATION CO£FFICIllNT OF GRAIN 
YIELD (1) "'ItI! St.U.R RADUttOlC (2) AND KlWJ 
RELATIVE HUtlIDm (3) AT REPRODUCTIVE. AND 
RIPENING PfiASE.'S 

Factor r valwt 

12 0.8669·· 
13 .0.7".*· 
23 -0.647'-

12.3 0.7562* 
13.2 .0.5062 

.... ---_ .... - _ ... _-----------
'Lable. 25. 32 and 38 also show eam. ettect in the c ... 

of yiald eo~on8ftte like graina per m2• tertJ.l1ty 

percentage Md degree or ripening. "'hus it 18 seen that 

the infiuence of relat1ve hUlll1d1ty on g1'OWth and ylel.d 

COIllpOftents and yield are eantClUftde<1 by the ettecU of 

solar energy. l'heretore no 8181l1floance need be attri. 

buted to the negative correlation of these charactera 

with relative hulII1d1ty. 

111) 301" pm 

Grain yield is related to the aoler energy aources 

!rOm the early ptlaae onwards UJlto harvest Oeble 41). 

The pratlowering acCWllUlaUon of ~ytlfttea 

becollllta very active about tour we". bet'ore hee.dlng 

accOl'ding to the reeults ot SOp Iat4 ,_uti (19'7). .. 
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tor after hea41ng period the prOduCtion ot ... .laU.at •• 

to be translocated. to the grain is generally mat active 

dUring the tour weeks or 80 atter h •• 41ng aD4 it • ..,\IIlt 

is moat heavily dependent Oft solar radiatioa 4\&r:Lng the 

same period (l'lOomaw at al., 19671 l"luDakata et al., 1967 

and ianalta and Vergara. 19(7). Since a ~or pol'tloft of 

gJ'ain carbohydrates comes from current photosynthu18 

dur:l.ng the ripening period (Yoabida, 1972) it 1& ob'liOWl 

that active ;:Mtosynthesb ~r1ng that period 1a lJIportant. 

!heae may be the [:I81n reesOfta why 801ar radiation dUring the 

ripening phase aa 8 single Yftther facter showe! highest 

correlation with yield (1'.0.9296--). 

It he. already been 8bnD 1:bat paD1cl. msIIber 18 

significantly related to sunshine houra at v.cetative 

pha •• and it 1s presumed t.'lat thi. has refleotecl on grain 

yield. ~r1ng repro$lct1ve end r!paling phases the 

correlations are much more pronounced. than at vegetative 
:> 

phase. A perusal ot correlation table. 01\ paB1c1e. POI' _'" 

(l'able 21) and t11led grain percentage (iable ,1) will 

reveal that th.se characters beve been 1ntluenced by t.tu. •• 

energy sources at the l.ter ph ..... 

Sunlight dO not 811ft.rally bee_a a 11a1t.lng factor 

OIl the growth ot rice in the .arly .tage. (yolltllda a.D4 

Prarao. 1976). As the plant. 81'OW older _d pJ'Odaaoe IIlOft 



leaves the light level becCllleS progressively IIOre 

crt tice1. l'hia iii probably the reuon for gJ't!8ur 

relationship ot grain y1el.d with 8UJUIhJne hours _d 

solar radiation at later phases. Luring the l'ttp1'OdUc­

tive phase solar radiation aftects grain aUlllber ",-2 and 

during rtpening it affects rUled gn1n percefttage. 

!.x:periments conducted at 1MI, however, abow 

that correlations were recorded betWMn 8OlaJ" eftergy 

total tor the last 45 daya betore harvest and Di'tF fOr 

that period (~. ·'latta et &1., 1968). .:nis period 

corresponds to panicle initiat10n to maturity stage. 

Since phot,Qsynthesis for ;;rain prOdUction 18 also 

important for the period bet'lf94lft panicle 1ni tiation 

and h&ading (I'\1rat8, 19(6) hll#1 correlation value tor 

grain yiel.d response to solar energy total dUring the 

reproductive and ripening periOd together (I' • O.f1784 d ) 

are understandable. ::.vsns and v'1l ;1I!tta (1979) conclude 

that. seasonal variation in irrad.1ance 81!1OUIlta tor IIUch 

of variation in 8.rain yield 'li1 th t!l!le ot plant.ing, that 

this 1a exr)ressed most clearly UIlcler h1gh irrad1ance 

conditions and that yield 0: rice crop appears to be 

responsive to per1od8 01' hish i!'l'lldiance at any time 

after panicle initiation. 

The ~ig.8 on solar radiation received during 

reproductive and ripellinc pba ... indicau_ that crops 

1 "., . ,) , 



planted. in July (~;"'1~ !35j and ".bruary ("'uaIIl!'r 96) uaually 

pess throu.~ th"SfI phaaea undor progresalv.ly increasing 

irradianoe wllereaa August (:.,v.M 85) and January (;;uaaer 96) 

planting \~i til falling iM'Ad.1Mce. 1'hua the inc,..... in 

;:;rain yielc! obtained in 16th July and 26th february 

plant.lngs cust be mainly attributed to thea. lIeteorolo­

Ideal factors d1ac:usaed above. 

lmother factor of illpOrtance that co ... out of the 

'reble 41 is that mruc1muIII air temperature at ripening ph ... 

ill positively correlated \d.ttl grain yield. Normal.ly 1ft 

periOds where soler radiation is high the temperature will 

also be high. In order to prove 'II1hether the yield 18 

related to maxilBwa temperature at ripeDiIlg pa ... or net. 

partial correlation coefficients are worked fNt and 

presented in :reble 43. 

'XABLL 43. PARTiAL ';vl\R.::.l.J\~'IO~; COi.FFICI,~rs !k'Iv.h;li,;': URAl" 
YZ:.Ui (1 J, SOLAN I'W.JIA'.iI0N (2, Arlll i'tA)(li"!lJi<l AIR 
Tr;;;n·i...;{A1'Uf'll. (3) ;JJhI~~ f\IF,.NING f'tiAS£ 

-------------.--------------------ractor r value ----------., .. _ ... ------------... --
12 0.92'96"'* 
13 O.63Z7" 
2} 0.5617 

12.3 0.8962 ..... 

13.2 0.3552 --
.. _ .• ign1!lcant at "0 level 

.. _ Significant at 1'!; lev.l 



It 18 .een that when ettect ot solar radiation 1a 

eliminated, the effect of maximum temoereture .u 
reduced to non-significant level. This above that 

yield is not et all nlated to madlllUll temp.rattan at 

ripening phue. Lie Datta (19'70j obtain. simUa .. rftUlt 

at 1;,H1 where the effect ot solar radiation haa I!I8IIked 

the influence of maxilllum temperature during reproductive 

end ripen1nt~ phases. In order to determine at which 

stage of the reprodUctive and ripening phase the receipt 

of solar radiation 18 moat critical, the solar radiation 

totals an calCUlated at weekly intervals tor the seven 

..,.ek perio1 befOre harvest and the correlation of the 

grain yield ",i th theee _ekly totals of Bolar radiation 

are presented in table 44. lh. P value. (Y axis) and 

weeltly intervale (iI. ada) are plotted in 'ig.11. 

TABLE 44. CO RRi:J..A.TIOl\: CClEfFlCli;;NTS iF \l,illI;, YIeLD '·,1 {t! 
JOUR 'lADIAUvN lCJilJ.. Ai. ;I~lcKLY IlHl~KVAW VIiI.W. 
'iARV!:';.,1 Tv $ i.::v i:'Z:, '.Il;~1\ > ? .i'vllli ",wV;;;;T ("13H) 

.--_ ........ _-------.----
dtage r value ... ---

1. ,>oler redlation 1 woo 0.8718"· 

2. .. 2 iIIIli 0.80" .... 

}. " 3 ~;3i O.7t!1'J6" .. 
4. " 4 Wah 0.6807" 
5. • 'Wl'lH 0.6325· 

6. • 6 'Khd 0.'171 
1. • 1 "'Sh 0.2385 

! :; j 



It cOUld be 8een that ali the period preced .. f1'Oa Nl"e.t 

the importance of .olar radiet.ion gradUally gete re4uoed 

and efter the fifth _Ilk stage r value 00 •• ~ to non­

significant level. 

lbe grain yield is related to e01ar rad.1ation 

during the fifth "'(Mk betore hl!"est becaue. aocua4atlon 

of starch in the leaves and culm. begin. at about ten 

d.ays before heading (''iUrata. 19(6) whiCh in tum 18 

dependant on the extent. of' soler rad1ation receipt. !'he 

solar rad1ation after nOQrtng 18 IIUOh IlION strongly 

correls,ted w1 th gra1rI yield b~au •• the l).Ilp .t thi. etage 

is primar11y 1n the tora of grain (l'enaka lit. al., 1966 and 

t'lunakata et al •• 1967) and tb.1a i8 dependent on :photo­

synthesis ¥bien 18 prilllarlly associated with 8IIOUftt of 

801ar energy received by the crop during this period. 

Consequently it can be concluded that solar radiation 

during the reproductive and r1pening ph .... exerted a pOlIS­

tive effect on yield attr1butes, r1paning and yl.ld of r1c., 

whereas temperature had It negative innuence .1. e., the 

lower the temperature, the better the ripening. !'beee 

relRll ta indicate that hign yhlci will be obtained if crop 

planting 1a dOne so ;nat r1pen.mg period ooincide.e with 

times of low temperature in the plentin& ........ 



4.1.3. stray y1~d 

lbp. data presanted 111 Table 4, reveal that 

straw yield WIllI affected hy fJlanting tillle. water 

management and their intflractiona ill both thE' .... ana. 

111e highest &'1"11 .. yield WilD recorded by the pbntin& 

done on 16th .July 111 ·",1 85 and 26th "ebNer)' planting 

in ·\lIlIm&r 86. The lowest st:raw ylel<i8 were observed 

with plantings done on 27th August (:,;~;t, 8') and 15th 

January {;'·Ulllller 86;. 

Continuous submergence registered tn. h.1gMat 

Ll 

::traw yield ot 5.3 end 6.8 t ha-1 in ;,',iJi', 85 and :.iWlll1el' 86 

.easoM, res?ectively. 11'10 tevOU1'8ble influence ot 

continuous submergence on nutrient uptake, plent growth 

and development etc.. resulted in h1gn.at straw y1eld in 

this treatment. 'l.he interaction abow. 'that dur1n& SIfM 65 

continuoua submergence wl th optilllW!l planting ln July 

relilUl ted in higheat straw ybld. . 1 th 16th Jul Y planting 

~ and 12 prodl.lCed the h1,(.best Md comparable straw yleld. 

However, in ";\Ullller a6 a redUctiOn 111 st:raw yield in 

each of the planting 1111 ttl acrease 1n water supply was 

oblierve1. 

It 18 seen t!'Olll rabie 46 that dUter8l\t plantings 

iDtluenced WE in .;W:': 85 only. 2nd July planting recordri 
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TABLE 46. WAn:R USE EFFICENr;y :GRA1NS) • :KG/~) • .7,A_S"""·":S?" 

s.w.r-lm~Soo;-.;. 1985 SUK>ER. 1986 

P, P? u 
PO) ? '-iea...'1 ? ? , 

D . ? P, P 4 '5 Mean 

I; 4.06 4.07 )_ 6? 3.,6 ").17 3.02 3.58 3.1-30 3.69 3.67 3.57 3.79 3.70 

12 6.56 6.59 0.55 5.26 4.52 3.91 5.57 5.86 0.22 5.32 5.29 5.33 5.40 

13 7.60 7.52 6.'1) 6.75 5. 15 4.52 6. }) 5.95 6.,5 6.41 6.07 6.21 6.21 

I4 7.58 7.91 7.78 6.71 5.88 4.75 6.77 6.66 6.67 7.04 6.81 7.91 7.02 

Mean 6.45 6.52 6.22 5.45 4.68 4.05 5.57 5.48 5.61 5.44 5.83 
p P at ! I at P p P at I J at P 

SEn 0.23 0.16 0.41 0.43 0.15 0.12 0.19 0.20 
CD(P=O.05 ) 0.52 0.40 0.86 0.89 N .S 0.28 0.4' 0.45 

N .S - Not significant 

TJ.BLE 47. CONSUMPTIVE USE 01' 01.1.= (MM) - SEA.SOIIlllSE 

s. W. MONSOON. 1985 SCTMHEIt. 1986 

P, " P3 P
4 P5 P6 Mean P, P2 P

3 
P

4 
P

5 140"" 
'2 

1, 1396 1419 1711 1631 1568 1418 1524 1585 1615 1731 1829 1647 1681 

12 852 860 917 1053 1079 ' 097 976 1012 '116 1160 1206 1159 11}1 

I, 723 727 84-1 8)8 954 950 "39 978 900 936 1023 960 959 

1<!_ 683 657 717 765 809 879 752 862 847 837 881 717 829 

!'-'e3.!l 914 9"16 1047 1072 1103 1()86 110g 1120 1166 1235 " 21 

DATA NOT ANALYSED 



the highest value ill $Wi<I 65 and 12th VoUCh planting 

1n Summer 86. lb_ 10w&at ,':11. Wall obse!'V'ed with the 

two transplanting. dane in August (:;;'11,1 85J. 

'flUE was f'O'..md to increas_ .... i th decrea.. in 

quanti ty of' vater required. lb. highest value. _re 

obtained with 14 in both th... seMon. with 10"..t qIlaftti ty 

of _tel' conaumec1 ('rable 47 j. lio'IM.'Ver. the lowa1: grain 

yiald obtained in this treetlllent doe. not peJ'll1t .ch8liU11ng 

irrir:ntion in this water regime 1"or higher \''U1i. value. 

alone. Interaction was present in both the seasons. 

:iighest ::'Ub. we. noticed with lower irrigation levels with 

early plant.1nga in cit: 85 whereAS in ;"UI!IIIIfU' 86 the hip8at 

values were obtained w1th dalayed plantings for the lIIame 

irrigation level. 

The planting time of ex;>er1ment was repeated 

during this season by taking rive planting. with the 

variety IR 20. Hence these reaul t. were not included 

in the corralation analysis on the 1n.tlt.aance of 1D8~ 

rolOf,1cal parameters ..... here S~~ 85 and Su_ar a6 were 

taken together and diacuaeed already. "apare" analya1. 

was done tor thiB t> .aeon and reaul t. are presented 

hereunder. 



4.1.5. grovth Wrack" 

4.1.5.1. "'ight of pllBt 

Height of plant. 8.8 lnnuenc.d by plantJ.n& tiM 

and water management are presented. in .abl. 48. lb.re 

was appreciable difference in plant height eIther du. to 

planting period or water management. !ransplantinsa 4on. 

during first fortnight of October prodUced tall.r plants 

whereas planting dOne on 26th Nov_tHtr reaul ted in 

reduction of plant neight at all. stages during thla 

season. rhe height (Fig.12) in relation to the m1n1alwl 

temperature recorded at YIit';etatlve pba.le (f1g.17) w> to 

indicate that plant height blcreaaed lihen th. n1t;nt 

te~ereture is high. This 1111 f!'Vident with respect to 

plantings done during 1st and 15th October _d 10th 

December. ~he correlation co.ftlclf1Dts worked aut bfrtw.m 

plant height at harvest and different metoorological 

parameters presented in the r8bl. 49 indicate the't the 

correlation between sunshine hours or 8alar ra<U.ation 

increase. with age of th. crop indicattng that tn ••• 

energy sources play en important role in deciding the 

plant height. 

Cont1Jl\lOUII submergeflCe produced taller plan". 

ho~.r. was coaparabl. wUh that of sullDerlf.ng ODe day 

attar d.1aappearanoe of water (12 ). 'lh. aborteat plante 
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were noticed with irrigating three day. atter dll­

apPeaJ'8nCtt Of water (14 ). Ih. role of water in deciding 

plant he1~t waa discussed already. 

'l'AflU. 49. C(,RRELA1'.wt; COf1'FlCll'."ll'S Bl':TWt;O', PLMrl' HEI~IT 
AT nItRV£:3T ANt: ;'1El'i:.OROLOGICAL PAfW'lIi;Ti:.RS AT 
,;IFFl:JU}i l fliASl'-S 

1. 

2. 

5. 

4. 

5. 

6. 

lact,;r Phue 

~4a.x1111Ul1l air temperature to 1 

i~in1l!ulII air tempereture p I 

:otal 8Uftah.ine hours p II 

-d0- l' III 

:.otal solar radiation 

-do-

I' t •• .: "VegftGUve ~. 
f II - <\eproductive ph ••• 
P III • iUpening ph ... 

t- Il 

f' III 

r value 

0.7566 

0.8189 

..0.2915 

-0.50'4 

.0.1606 

-o.5}49 

lbe planting If 1rrigation inunction ...... pre.ent 

at Illl 5ta~a. Sulaerging one day atter d1aap~. of 

water with 1 at vetoHr planting (I~ 1 J at nower.Lng and 

oontinuOUs sul:lllergence with 15th vetober planting ( LtP2) 

at 40 ,:A'l and harvest produced tallest pl_ta. 

4.1.5.2. Nupbar 9f tItletl DIr bill 

T'he rellUl ts p1 esented in fable 50 rn .. l that 

ftUIIIber of till ere waS highest with 1st Oe~r pllUlt1n& 

at 40 w.r 804 planting Oft 26th Nove .. r gave the l .... to 
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Hovever, with adV_ceaent of age. the latter prO<1uCed 

the hil#lest WIer number at nover.tng tdl.1ch waa s1m1lar 

to all other plantinga except 10th ':.cell"r wherein the 

lowElst number was noticed. A re<1uction in tiUer DUIlber 

at flowering 88 plantings are '-'<lvanced from 26th Nov_ber 

could alao be seen. 

It could be observtld from Fig.1} that 1'IIIO:re 

tillers per hill are prodUCed \t1th i'OOVlJlllber plantings in 

:';,-.;~ 85. During these plantings the m1n1111l11l temperature 

11S higher than other plantings O'ie.17) tbua resulting in 

more tUler production. Vergara (1970) and. ..ihUdyal 

(1972) observe that tUler production will be lIOre at 

ini tiel stage. I.m .. ier condi tiona of high ttllllpenture. 

As a ntaul t at flOWltr.in!,; stage the crop planted dI.lr1ng 

November are seen to record IlIOn t1llen per hill. 'lllough 

the night tfll!lperatuJ'e wu higher with 10th iJeeellber 

planting, the low 11ght cODdi tion rt.'sul ted in MlCSuced 

tiller prodUction. 

IS! 

with respect to water 1IIIIIl8g8l1eftt. the tiller 

prOdUction was more wi th IIlOre t'requ_t irrigations le •• 

conttauous aublllerpnce or one day ane!" disappearance of 

_ter (x., aftd 1
2
). Decrease in tUler number with 1JlCNa.e 

1n !IICIi.tun stress was noticed w1th 1n1.gat1n& two or three 

deya a1'ter dlsappearance of water. 1he reductioft in tlll ... 



number with th ••• irrigation levels COIIIpare4 to 

cont1nuoua submergence was more dUring now.ring stage 

than at 40 :").41. 

Irrigation )( planting interactions were " .... ..,t 

dUring both the stages. i..4ntinuwa au'tIDergtmce w1 th 

plantings dOne during October at 40 i)AT and wi ttl Nov_bel' 

plantings at :nowering stages produced the higlutst DUIlber 

ot tillers per hill. 

I1esul ts on L.A1 :9l'eatmted in ,able " and F1g.14 

indicate that there was dirterence in LAI with planting 

periods and water management. Planting don. em 1at 

October had the h1gbest LA1 values at both the stage •• 

This was tollowed by 12th November planting. Ihe lowest 

LAI value .... s noticed w1 th transplanting done Oft 12th 

~'eeember. Ibe LAI decreased ..,itt. delay in planting trom 

1st vetober onwards. 

The correlation eoefficients worked out between 

LAI at :t'lowr1ng and solar energy &OUI'Cea {eunahine bouJ'll 

and solar radiatlcmj at vegetative and 1Jepl'0000Uve 

stases presented below (rable 52) abow that the I' value 

at reproductive pbeae 15 lower than that ot veptet1v. 

phue indicating the importanc. ot the.e cero source. 111 

aalnta1ning • high LAl at tbe early growth stap ot the crop. 
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TA1l1..l:. 52. CVRR.El.Al'I0N C(;l:.FfIC1l:.NT .fj;:I'\I'£C;N LAI AND 
SUNShn~E HOURS A..'lLJ SOl.Al'i !1.AI)IA'rIvN AT 
VUlEUlIVS AND R!:;Fi{(.lDUCtIV t. P~i:S 

---......-------------- ...... . ...... 
rector Pha.e I' value -_ .. _----------... ---

1. 'total aunahlne hours P I .O.TT92 

2. -do- P II -0.4562 

3. Total solar radiation p 1 .0.7920 

4. -do- P II .0.1178 

P I _ Vegetative phas. 
P II - Reproductive phase 

Gontinuous submergence (I,) and submerging one dey after 

disappearance of water (12) recorded. comparable LAI a't 

40 DA1 lIhereas the former water management wu fOund 

neeesslu'Y to record the highest LA! at flowring. A 

reduction in LA! with less frequent irrigation. (12 an4 

1
3

) _re observed. the lowest bEtit.S noticed with subme!'l1ng 

three days after diSappearance of weter (14 ;. The decreaae 

wu sha:p at flowering stege cOIIIpared to 4IJ ;.AT. Tumer 

(1979) states that adjustment of tranap1r1ng leaf afta 

through accelerated senescence of lower leave.. death of 

tlllens and lee! tip death are COIDOn phenollMm8 of water 

stres.ed r10e. ~1mi·ar reduction. 1n l.ar area due to 

IIIOUture stress are repOrted by O'Toole an4 Balida (1982). 



InteracUon between planting and irription 

was present at both th~ stages. At 40 .,AT. corstinuoua 

submergence with plenting on 12th November and at 

flowering stage the same irrigation lC!"lel wUh 1st 

(;'ctober planting recorded highest LAI. 

~ign1ficent difference In DMP with planting date. 

and water management was noticed. .Interaction between 

them was present during harvest etage only (Table 53). 

All t.."le plantings differe4 significantly in Jl~. 

At 40 (,A'1' the higbeat l:HP was recorded with 12th Non.ber 

planting followed by 26th (iov_ber planting. At barnet, 

the latter produced the h1ghest dry metter followed by 

12t.h "'ecember plantinc,. The early ;;c'to'ber plantings 

resul ted in the least D:<P during both the stege •• 

" comparison of the 1'"1[.:.15 on Of"lP wi til til.ler 

prodUction at flowering (Hg.1, j indicates that lJ."'J> 

[ollo\19d more or less a similar tren4 as of tUler preduO­

tion. lb. low m1n1lla.mi tecperature at the reproductive and 

ripening pQase. in the I<ovelllbel' plantings alao help. 1n 

con.erving photoayntl-ate8 thereby increasing plent poovtb 

and development. 
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ConUIl\IOUIS submergence reS\1l. ted 1n higbe.' il"iP 

at both the stages. lb. favourable innuenc. of !llDre 

water on plant height, tiller production etc., l18gn1fied 

i 1:6 effect finally "sul tine in highest l)'U> with thi. 

irr1gation leyel. 'lbe same 11'l"1gation level with planting 

on a6th Novellber produced the highe.t va~e in the cae. of 

interaction. 

4.1.5.5. iWl'tigo 

Ihe time taken by dUferent plantings tor 50 pel' 

cent floweJ'1ng is given in the Tabl. 54 below. 

TALL!!: 54. WRAnIA, Up-rQ 50 PER CENT FLOIl'LRING AND 
REPRWlC'l'IV:c ?HA:.>ES (N&i, 1965) 

1 r-....... ,) i 

__ __ .. ___ • __ J C. ___ ....... • ••• I. ________ , ____ _ 

Date of planting turation fto .50 ::Uratlon 0: ripen-
ing .mue(daya) ~r fa:~ 0~r1.ng ....... - -

1. 1-10-85 70 40 

2. 15-10-65 70 42 

3. 12-11-65 73 40 

4. 26-11-85 71 41 

5. 10-12-85 70 39 

Th. dUration is longe.' in 12th Nov_bel' planUna 

conaeqll8Dt on the ve."Y low m1niaull temperature n:per1anced 

by the crop dUrfJlg vegetaUve phaa.. 1'bia i. 1D agNeIIMIftt 



witb the re.8Ult. of Biswaa at ale (1915). 'lb. 

correlation coefficient. of dUration ot vegetative 

p.~e with IIIU1I11W11 and m1n1mum temperature at thi. 

phase indicate that the duration is more negatively 

correlated ",1 th lII1n.1mum (I' ... 0.1686) than rnax.1.auJa 

temperature (I' • -0.6931). me duratlon of other 

plantings are low due to higher min1mua temperature 

occurred at vegetative phase of these p].antinp. 

'rable 54 also indicates that the dUration of rinen-

in" pr.ase '!\IiI lowest with 12th :.cember planting than 

other plantings. Ibe dUration increased by three tiaya 

vben the nlanUng was dOne on 15th October. lbe histutr 

mini11l.uB temperature occurred at the ripening phase Of 

the 12th ;;eoember planting might have caUSed • re(Uct1on 

of the dUration since at hiEber temperature translocation 

Of phot08yntbatea u faster thus reducing the maturf ty 

period. 

Nutrient uptake as affected. by planting ~r1od 

and water manag4lllM!nt are ;)resented in fable 55. Nitrol_ 

and phosphorus uptak ... at !lowering was highest with 10th 

o.eember planting rollowed by 26th November pllll'ltinc. 

A conaldereble decrease in thair uptake was noticed with 



TABLE 55. NUTRIENT UPl'A.KE (KG fiA- l ) BY PLkN:'S, STAGE' .... r ~i:: (N.E. "'"SOON. 1985 ) 

N ITROGEX 

PLOVfERING HA.RVEST 

P, P
2 P3 P 4 P

5 ""eRn P, ~2 p~ ~4 P5 Heon 

, 
1.":'.1 f ":'/ .. ;' SC. :,') " 59.C·t, 68.62 53.25 55.70 ,S.X 63.05 69.22 59.0~ 59.00 

12 3£.':"'; 3So. SO 47.58 59. ?d 67.78 49.92 51.21 46.88 59.40 64.68 54.94 55.4. 
13 ;3.59 Y7.04 46.13 56.92 66.D7 47.95 45.98 43. '5 56.94 60.'3 52.82 51.SO 
"4 3:. 7 '7 34.53 d4.53 53.58 64.60 45.80 44.84 39.42 53. ~8 56.45 49.70 48.76 
?-;ean 36.4 ? 38.89 47.06 56.96 66.67 49.43 44.36 58.19 62.62 54.12 

p I Pat I I at p P Pat I I at P 
SED 0.46 0.29 0.59 0.55 1.13 0.23 1.13 0.85 CD (P'0.05) 1.06 0.70 1.29 1.18 2.61 0.56 2.52 1.77 

PHOSPHORUS 

FLOWERING HARVEST 

~ P2 P~ P4 P5 ""an P, P
2 

P
3 

P
4 

P
5 

Moan -, 

1, 21.84 22.39 24.67 20.81 26.16 23.17 45.30 45.48 48.22 46.05 43.99 45.81 

12 21. 32 21.27 24.27 19.67 25 .24 22.35 43.39 44.68 47.08 44.42 42.91 44.50 

13 19.13 20.14 23.09 18.52 24.25 21.03 41.00 43.05 45.32 43.47 40.41 42.1l5 

14 18.17 19.37 22.49 '7.66 23.51 20.24 39.63 41.00 44.34 41.50 38.5£ 41.01 

Mean 20.11 20.79 23.63 '9.'6 24.79 42." 43.55 46.24 n.86 41.47 

P Pat I I at P p Pat I I at P 

SED 0.26 0.09 0.37 0.34 0.38 0.11 0.46 0.40 
CD (P'O.05 ) 0.60 0.21 N.S N.S 0.86 0.26 N.S N.S 

POTASSTIJM 

FLOWERING HARVEST 

? P2 P
3 

P
4 

P
5 

Mea.n P, P2 P
3 

P
4 '5 Moan 

I, 73.4d 83.84 102.,7 96.47 92.54 89.74 103.17 107.33 127.50115.64 11 6.34 "4.00 

:2 7' .97 81.63 100.36 94.66 gO.83 87.89 101.37 106.65 125.95 114.5e 115.15 112.74 

I, 70.92 79. ")0 98.59 92.09 90.52 86.28 100.23 105.94 125.54 113.82 113.82 111.87 

14 70. - c 70.35 98.04 91. 6, a9.95 85.62 98.78 105.03 124.71 112.90112.87 11 O.SO 

Mean 71. L"- 80.23 99.84 93.71 90.96 100.89106.24 125.92 11 4.23 114.55 

P at I I at P p I P at I I at P 

;,1-:) O.D,; 0.44 0.81 " .64 0.71 0.32 0.68 0.52 
1.64 0.77 N .5 N .S 

r;"J 0>""0.0:, ) O. ~4 1.03 N. S 
__ .S 

~.S-Not Bign itioan t 



advancement of tranaplant1ng. ~rJ.ng hU'V'e.t stage the 

higheet uptak& of N ana F w .. noticed vlth 26th and 12tb 

November plant1nga, respectively. In cu. ot K, plantln« 

done on 12th Novltllber reaul ted in highest uptake at both. 

t..'1e stages. A redUction 1n ita uptake could. be .een with 

:1elay or advancement of planU.ng from this date. 

,;.ter manegement affected the nutrient uptake 

considerably. ':ont1nuous submergence recorded the highest 

!(, f and K uptake at both the stages followed by submerging 

one and two days atter di81il;,>pearance of water. The le .. 1: 

uptl1KI} was seen 1n case of aubmerg1nll; three day. after 

disappearance of water. 

These results are in 8gree1fA1flt ot the general 

findin{< that continuous submergence increasea nutrlent 

availability and their uptake u noticed by Pillai and 

• (197<" 1900bj for N, Kakade and :,onar (1983) tor P 

cd Patll and Jhildyal I. 1983) for K. 

4.1.6. I1el,4 apd yie1d IttriJutU 
2 4.1.6.1. pppl;lea per m 

?roduction ot panicle. per JlJ,2. wall affected both 

by planting panod. and Itater I!I8nagement (Ia'ble !j6 I. 

1 f, n 

Panicle number .. more and similar wi th 1.t OctOber _d 

12th Nov_bel' plantings ('94 and '91, reapecUnly). lb. 

lowest number W&8 not1ced with 12th Dec_bel' plenUng (",). 



HI 

--------._._ .. _._----_.--------------------
Pi ------........... _--_._---------------------------.. _ .. . 

~ 390 33O 422 '11 356 378 

12 402 340 388 378 362 .,.,4 
1, 395 335 383 373 351 367 

14 390 32~} 371 361 344 358 

; ',ean 394 '3' 391 372 353 

p I F- at I I at P 
3":D 2.75 1.61 2.79 3.66 
CD(P..o.05) 6.;;5 4.08 5.98 8.06 

--..... ...... _------- ------_ .... _-

TAru..;, 57. NUMD ... f1 OI':" GRAINS ;;: d+ ft'" (1 ) (N.E.,fI;INSOON, 1985) 

--------- .... -- --
Pi P2 P, p. i'5 i'lellrl 

--------- ------ • .. A'A .. -. 
I, 2.25 1.92 3.06 3.20 2.93 2.69 

12 2.25 "1.90 2.73 3.26 2.97 2.62 

13 2.10 1.8) 2.67 3.13 2.89 2.52 

14 2.06 1.61 2.43 2.92 2.64 2.33 

ean 2.16 1.81 2.72 ,.12 2.1:6 

p I p at 1 1 at P 

S11'.D C.O} 0.15 0.03 0.04 

CO(p..o.05) 0.06 0.36 0.07 0.09 

--.- ... ----



Cornlat1on coett1c1a'lta worked out between panicl •• p.r 
2 

III IIIIId maxillllm and miniBlut\ tampenture at vegetative 

phase indicate that the panicle number wa. negatively 

corr.lated wi ttl maxilllUlll temperature (r •• 0.6521) and 

m1n1.l!um temperature (r •• 0.7225). Higner number ot 

panicle. per m2 observed in 1st iJctober and 12t:b Nov_ber 

plantings could be attributed to the low minilll.ull ~ra­

t:ure E!lq)erienced by them during the vegetative phaae. 

Oseda et al. (1m) noUce production of l1IOre p-Ucle. 

due to low temperature during 1I4X1_ tillering .tags. 

Production of panlcle& per m2 was hipr and 

similar wi ttl continuous submergene. and submersing one 

day atter disGPP1tarance or _tel' ('78 and '74, relapee­

tlvely). The three days interval between two in'igatioea 

(~) atter disappearance ot water prodUcea '58 panicl .. 

per 1112. the NXiUction being abOut 5.3 per cent. PUla! 

and ::~ (.19808) repOrt increaaed panlcl e p!'O<lUCtiOD wi th 

continuOus submergence. 

4.1.6.2. 9rJ1QS per ;2 
l'able 5'1 on grains per 1tJ2 indicate. that the 

highest nuaber of gra1na per .2 1& prodUced ltben planted 

on 26th Novellbes- and tollOWd by 10th ;)eoaber pl._Ung. 

lbe lo_at 1s seen in cu. ot 15th Oc'tOber plenUna. In 

cas. ot water ~t, conUnuoua au_e1'I8ft04t end 

1,-.') 
.:..1; .... 



submerging one day arter d1aappeannce or water pl'OdUce4 

higher number of grains per ,;.. 

Correlation coeft1cienta worked out bebMn gra1n8 

per m2 and sOlar energy sources .a ..,ell as mean relati"e 

humidity presented 1n rable 56 abo_ that e\lllahine hOUrs 

and solar radiation received during the ripening phase 

exert8 a considerable bearing on grain production. Tmae 

the higher sunshine hours and solar radiation received by 

the crop planted on 26th November reaul. ted in the prodUction 

of highest number of gra1na per m2• lbe higb negative 

TABLL 58. C0RRELAllCm C(a:'r'FICV1ITS Of GRAINS tiER r,f. .... 1'1.·U 
1,u::r..;OHCl..OOIC;1L PAP.J\i1t.'TE.HS 1.1 DL"'FliJ{~r PHAS£S 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 

------.. ..... -.-
Factor Phase ... -.. _.-. . -_ ... - .. -------

"'lean relative buII11dlty p I + P II + P III 

Iotal. sunahlne hours P I 

-do- P II 

-do- l' III 

-do- F II + P HI 

Total solar radiation p I 

-C!o- P II 

-do- P III 

-dO- P II + P III 

-0.8594 
0.'227 
0.3620 
0.7400 
0.7044 
0.2174 
0.3229 
0.8319 
0.9061 

-----.~ .. ~--.------... -._-------_.---.----------------------------
P I - Vegetative ph ... 
P II _ Hepro uct1ve ph .. e 
P Ill- Ripening phase 

con-elatlon between grains per .2 ea4 rel.ttv. bullidit1 

indicatea that e high relative buII11dity may CauaCil e NdUetiOD 

.in 6J'81n ftUllber. 



'f'ables 59 and 60pre • .,ted. Oft the we1lbt and 

length of panicl •• , respectively. show that plant.1ng 

period and water management infiueDced the.e chanetera. 

Panicles produced were more lengthy with 26th Nov..-r 

ana. 10th :;ecember plantJags. lb. panicle length reduced 

wi th early plantings. Irrigation done with three days 

arter diaappearance ot water (t,> caused cOIlsiderable 

reduction in panicle lerlgth. Panicle weight was IIOre 

with ;~ovember plantings whiCh alao deen.aed with early 

two October plantings. Panicle weight with cont1nuous 

submergence or submerging one day after the d.1sappearance 

or water was higher and comparable. 

COrTelatlon coefficient. wonted out between paniCle 

weiGht and rneteorolo!_;ical factors are presented in fable 61. 

TABLl:. 61. Cuf .... fl.,..L.Ulv[, CIL.FfICI"NTS B ni£hN PANIeL!; c:i.l(lHT 
AND ;',UlWi{QLO"ICAL PAw.!'t:l ""g,;; 1.1 f1IF'F~T PfWi..S 

...--_______________________ ..... a_ •• _. ____ _ 

ractor Pha.e I' value _____________ , _______________ , ______ •• ____________ • __ o.o_ •• _o ___ ._. ____ ~_~. _____ o 

1. 

2. ,. 
4. 

:'11nisml air temperature p II 

Total sunahine hours p II 

-do- F- III 

rotal solar radiation p III 
..-_. __ .... 

P II _ ileprOduoU,.. pbaae 
P III - Ripening phase 
.. _ SignifIcant at 5"'; level 

-0.7546* 
0.6173 
0.6219 
0.6896 



2 I;:; 

TABLE 59. WEIGHT Of FAN1~'LE lO), (N.;O.i"l.lNSOON, 198') 

-- - ....... ----
1'1 P2 1', P,. P5 Mean 

11 1.98 1.94 2.04 2.01 1.98 1.99 

I;:: 1.91 1.91 1.98 2.02 1.95 1.97 I, 1.91 1.69 2.00 1.95 1.94 1.9It 

14 1.84 1.89 1.94 1.96 1.93 1.91 

;''teen 1.93 1.91 1.99 1.99 1.95 

p I P at I I at P 
~hJ:' 0.02 0.01 0.02 0.02 
;:;D{i..o.05) 0.04 0.02 0.04 0.05 

....... ---_ .. --- ----

TAl'l.:E. 60. ;: Ail 1-'1.,. Lcl~:;TH ( ~'1). (N • .-.JiliN''>uCil:, 1985) 

----------.---------- ---------
P1 P2 P, 1'4 P5 ,')alll ___ ..... ._-_ .. __ .... -

11 19.77 19.65 21.'1 22.29 21.90 20.94 

12 19.38 19.44 20.53 21.02 21.10 20.30 

I, 19.16 19.23 20.,~2 23.17 20.36 20.43 

I,. 1u.71 18.31 19.34 19.77 20.09 19.24 

J,ean 1C1.26 19.16 20.30 11.56 20. In 

p I f at I I at P 

;.;L:J) 0.64 0.37 0.93 1.05 
CD(P.o.05) 1.43 0.90 t~.s N.S 

...... .. . 
;-:. -Not ail#l1t1cant 



The ild.a1lll.lm air t8lllperat:.ure at reproductive pbe..e 

18 negatively correlated with panicle weight 1n41ee.ting 

that the low llI1n1lllum temperature ot 18.2"'\_, experienced 

during reproductive phase Maul ted in higher pafticle 

veietJ.t 8S observed in cue or 12th November planting. 

'!he 1sta presented in Table 62 abow that mabel' 

of filled gra1n.6 per panicle was 1n!luenced by planting 

period and weter llIan&eeJllel'lt practice.. Tranaplantinga deme 

on 26th ~ov_beJ' and 10th [;eoember produced the highe.t 

number of filled grains. A reduction in filled gn;,ina witil 

advancf.!llleftt of planting could also be noticed, the least 

beinG produced with October plantings. 

Higher nl.Ullber of tUled grnJ.n. was produced 

w1 th continuouS submergence (I1 ) or irrigating one day 

after disa'Opearance of water (12). ;~at.r applied. at three 

days after di.appearance ( I4 ) redI.lced filled grain ftWIlber 

consid.erably. Letu> IlWIlber of fUled grains in thl. 

irrigation regime might be dUe to more nuaber of untilled 

grainS conaequent to the J.nadttq\l8te molature supply at 

reprOductive stage ConfiNing tbe results of De Datta 

(1981 ;. 



TABLE 62. NUM&R OF nLL~ GRAINS (N.,L..MONSOON. 1985) 

P1 '2 " P4 P, Me_ 

11 'J7.70 58.23 12.6, 65.00 82.37 71.19 
12 56.03 55.50 70.2:1 86.20 82.00 70.00 I, ".20 54.53 69.60 83.tr1 82.43 68.73 
14 52.73 49.40 65.40 so.e 76.~ 6S.~ 

Mean 54.92 54.26 69.48 83.98 80.91 

P I P at 1 1 at Ii' 

;}l:l) 1.68 0.59 1.24 1.98 
~(p..o.o,) 3.86 1.45 2.66 4.43 

---
TABU 63. PSRCr..~7A.GE. OF FILLED GRAINS (N. E.l'iJNSOON. 1985) 

'1 P2 P, P4 P5 Mean 

~ 00.92 78.77 BO.£>} 87.03 86." 82.77 
12 17.60 15.~ 77.93 65.17 82.43 19.67 I, 74.58 71.36 76." ~.22 81.25 17.'5 
14 12.m 65.93 14.51 81 • .28 79.53 74.66 

Mean 16.29 72.82 77.3' tY+.1 a 82.Lt4 

P I ? at I 1 at P 

S.:.D 0.S1 0.32 0.73 0.81 

CD(P..o.OS) 1.18 0.19 1.56 1.15 



The percentage of fUled grains as lnfluenced by 

planting periOds and water management .1& presented in 

Table 63. l'ranBplanting rice crop done on 26th Novaber 

produced significantly the highest fertility percentage. 

Thb Wtl8 followed by 10th 0ecernber planting. Tbe two 

uctOber plantings caused consid.erable reduction in 

fertility percentage. 

.. u ' 

ColTelation coetricientsworkAlld out between tertUity 

percentage and I!Il.teorolo;:,i.cal factors at different phase. 

are present in Table 64. 

TABLE. 64. Cu\Rr..!.ATION Ci.,i;;z,'FICll:1Jl'S lLI..:F.cN FERTILITY 
r, RCl"NTAJ<. ,;."iD Xi:-"XI:.OHq.o:.,;ICAL f'AIUHl'..'l'EliS AT 
DIFF,~H@'n rUASES 

Factor ---------------- . .. 
1. Me-an rdative humidity 

" ". iotal sunshine hours 

3. -do-

4. Total solar radiation 

5. -do-

PI .. \ eget.tive phase 
p II _ f<eproduct1v" phase 
f III .. kipening phase 

p 

r 

Phase r value 

II • P III .0.6397 

p I 0.6533 

II • f 111 0.7137 

p II 0.9261· 

r 1''' .. ... 0.7081 

.. - ~;J.gn1tJ.C8l'lt at 5'. level 

3un_hine hours and solar radiation greatly 

infiuence the percentage of tilled graina. Solar rad1atJ.OD 



received dunng reproductive phase shows Il very high 

8i~itlcant correlation coefficient with fert1l1ty 

percentage indicating 8S th~ reasan behind h1~er tertility 

percentage in 26th November end 10th iJecetliber plantings. 

;'Iean relat1ve hum1c:U.ty shows ita negative association witll 

!e!"tUi ty percentage. 

The percentage of fUled grains waa affected by 

Ill'l 

water management practices alao. lhe highest fWed grain 

percentage was rec.rr:ied when continuous submergence waa 

adopted. The fertilIty percentage waa lowest with 8ulaerging 

three days a.t'ter disappearance of pOnded water, the redUction 

bein:: ?B per cent. 'lbe interaction waa 8.1&nif1cant and 

shows that cantimloua submergence with 26th Nov_ber or 

10th wecember plantings reaul ted in nigbeat tllled grain 

peJ"CllI'ltage. CJ'\IZ and (.) 'Toole (19S1l) suggest water stre •• 

at nowering stage to be the major cause for spikelet 

sterility. 

Reaul ts ot thousand gra1n wight pruented in 

Table 65 renal that planting done on 26th November 

prodUced the highest test weight of 19.5 g and 15th 

October or 12th SoveI'IIber the leaat (19.2 g). A redUction 

in teat weight with adVancement of plantiD& waa oNerved. 



1 "Il 
.... ! II 

TA.BJ.E 65. 1000 GRAIN \(EIllil (\l) (N.l:..iilJNSOON, 1965) 

--------- .... _-----
P, P2 " Pit '5 i'..--------_ .... M. __ ._ ••••• ______ 

M • .. --- ... 
x.. 19.33 19.32 19." 19.61 19.42 19.40 

12 19.23 19.12 19.30 19.58 19.40 19.3' I, 19.'0 19.1' 18.96 19.56 19.34 19.216 

14 15.99 19.09 18.73 19.20 19.15 19.03 

i'iean 19.21 19.17 19.,;)8 19.49 19.33 
p 1 P at ! I lilt P 

S:i.:u ( .• 06 0.04 0.C6 0.08 
;;0 0.13 
(p..o.05) 

0.10 0.13 0.17 

--------.-.-.. -------~---.------------------... -.-------_._------_._---

TAllLE. 66. -:(.alliiLJILIvN C'OiFl-·I(.;hNT" (iF 1000 URAtN '!!lGW! I;'H 
::,,,,n.:clHu\'u:.\ICAL FA.RA:j~:T~H;j !lr ;',IPFSh01H FtIA,S,,,s 

-------
Factor Pbaa. 

_____ .. f __ .. 

1. f:1n1mum air tsq>erature l? II 

2. I'etal sunBhtae hOW'll P I 

3. totaL sunshine hours F II 

4. Iotal sunshine hours P III 

5. lo'tal solar Miod1ation p II 

6. Iotal solar radhtion P III 

------------ ... _-_ ... --
PI. Vegetative phase 
P II • I'l4productive pbaae 
P 111 • Rip«l1Dg pbue 

l' v.:&.u. 

0.6081 
0.5794 
0.6687 
O.71X11 
0.8159 
0.6611 



'Eest wei8ht Wall higher Md comparable with conUnuoua 

submergence Or lII.lbDerging one day atter dJAappee.rance 

of water. Sublllerging three daya a.f'ter disappearanCe 

of water produced lighter poa1na. 'lb1. miCllt be dUe to 

lack of adequate moiSture which is essential tor trans­

location of metabolite. from source to sink. 

171 

(;olTe18t1on coefficients between tnouaend grain 

weight and meteorological plln_ters are presented in 

I'able 66. The varlOua factors do not show any a1gn1tlcaftt 

relationship with thousand. grain weight. However. the 

tact that 26th November and 10th DeC._I" plant1.np gave 

higher thouaand grsJ.n weight than other plantings 

hlghl1~ts the importanc. of sunahin. hours and solar 

radiation during reproductive and ripening pha •••• 

,;orrel.aUon coefficient of Bolar radiation with 

1000 grain we1ght 18 lIUch stl"Ollger dUring the P II than 

FIll. CoftSidering the tact that the size of the yield 

container ia decided by the condit1Oft8 prevailed during 

this period. the close correlation 18 understandable. 

!'he degree 0'" ripening aa intluencad by the 

meteorological parameters during dlffenmt pbU .. UDder 

diff.rent plantings are stu4.lad besed on the COft"elaUon 



coefficienu worked out between thelll and are presa'lted 

in Tabh 67. 

l' ,I.':V':. 67. CQlVlJi.Llf.('I0l\ ':;V,;FF'ICIC:li'rS OF [\ :;CREE OF RlPl:1i INC 
WITh ,,[i:..'.l\;;QkVLO\:ICI\L PAfI.A.I'It;T",;;'; AT DIFFt;ru:N1' 
['BAStS 

, " 

_l_ f .... 

-------------------_ ... _-----_._----
Factor Phase ------.. -.--._----------.... _----.. ----..... 

1. 

2. 
3. 
4. 
5. 
6. 

Total sunshine hours PI! 
-do- P III 

-do- P tI + P IU 

Totp.1 solar radiation F II 

-do-
-do-

r HI 

l' U + P 

p 11 _ iieproductive pbase 
P II I - Itipening phaae 
• - SignifIcant at 5it level 

HI 

r value 

0.5004 
0.6735 
0.6595 
0.9152* 
0.7836 
0.9168" 

'l'he degree of ripening 18 very :::trongly in.n.uenced 

by solar radiation received during reprodUctive stage. 

r;egree of ripening being the prodUCt of 1000 grain weight 

and percentage fllled grains, behaved in the 118M way ... 

~ese characters auch that 26th November planting recorded 

the highest ripening grade. 

4.1.6.8. ~Tl1n yilld 

4.1.6.8.1. 5t'P9Q§e \0 planting datel 

me grain yield data are pruen.Wd in 'table 6S. 

'lb. gnin yield was the hlgbeat (4.50 t ha-1 ) with 



tABLE. 68. GRAU, YIl:.l.D (K;; BA-") (N. L. : liN SVU!'i. 19(5) 
........ ____ I ...... _-... . -.- ....... ---P, p 

2 P, '4 P, Meen 

----------
z.. 4440 4061 4499 4115 4450 443:' 

12 43'7 4204 4390 4665 4360 4'ffT 
I, 4176 3998 4;05 4464 4280 4239 

14 ;:;77 3828 39e6 4164 4140 4019 

~lean 4228 4023 4281'\ 4502 4308 

p I P at I I at P 

S!:.D 37.13 21.0t> 49.<" 58.01 
';;0 85.6;; 
(P.o. (5) 

N.;, 105.60 125.49 

N.;;> - Not sign1t1c_t 

TABU: 69. COAAc1.A':I0N C()"';FFICLt,l:~ B ... 'T,:i:.eN fi£L;.., AND YIl:,;LO 
ATTRI BI.rrr~' 

1 '":' • 
.... J ,j 

------------------------,--------------------Factor r value 

-----------------------------------------------------------
Dry matter prodUction at harvest 
Orain. m-2 

P8l\icle we1t,;ht 

Fer1:111 ty peroentllgtl 

1000 &rein weight 
Degree of ripening 

'" _ ;';lgnU1.c_t at ~ leYel 
n _ ;',lenlt'1cQIlt at 1;, level 

0.9737·· 
0.9210-
0.7992 

0.9211'1· 
0.8461 

0.9217-



transplanting done on 26th Nov_bel' tollowN by 10tb 

December (4.31 t ba-1 ). 'lbe lOwest yield of 4.02 t ba-' 
was recorded with planting done on 15th OctOber. 

A perusal of var10tls g~wth end yield characters 

reve~ that LAI, number of tUlers per hill, grain. per 

1 ~ , 
..... l t 

2 
m , panicle "eight, percentage of filled grains and degree 

or ripening we" very high in the 26th NOV_beer planting 

whic!". has renul ted in higher gnin yield recorded under 

this planting. 

'lbe correlation coetf1c:J.enta worited out between 

yield end yield l~ttr1butes are presented in Table 69. 

It is t'Vident that the" exists a very blgh positive 

correlation between grain yield and yield attribute. 

considered. 'the highest correlation is seen between 

JJi1P at harvest, degree ot ripaning and grain yield. As 

already indicated in Case of' :-',,:~ .. 135 and :;iWlfter 8Ei se.aons 

degree of ripening exerted e greeter 1n!luenca on grain. 

yleld. 

The highest s1gnUicant correlation betwa_ grs1n 

yield and J"1P at harVest (0.91'1**) indicat.. the UIpoI'"' 

Unc. ot post flowering dry matter .cowaule.tion in 

aahanc1ng grain yield. 'tbis 111 important because. .a 
suggested by Tanaka et ale (1966) poat nowe1"1n8 inCre .. e 

in dJ7 matter is particularly in the tON ot grain. 



'l'hua the reeul t8 indicate that tranaplanting rice 

during the end of November (26th November) in N sr., season 

result in increue of growth and yield attributea oontri­

butlng to higher grain yield. (ajagopalan et ale (1773) 

report higher grain yield for 1,{ 8 rice when transplanted 

Oll 21st November under <.:oimbetore conditions. 

4.1 .. 6.8.2. l"tesppn.t to wattr UP"OlIeI1t 

"rain yield "resented in hlblll 68 and Flg.16 

1~dieate that higher and comparable yields are obtained 

',;1 th continuous submergence (1,) or submerging ane day 

r.f'ter disap;>earance of "'ater (12), The gra1n yield under 

!rriga tin" no (S) and taree (14 ) days after disappeanlftCe 

ot water decreased by 4.38 and 9.34 per cent. respectively. 

as compared to continuous submergence. 

Crop ~ was sim1lar 1n irrlgat10na given as 

continuous submergence or submerg).Tl"~ one day after 

ctl.sappearance of water. J.bes& two irr1gt1tion levela 

prOduced comparable number of panicles per 111
2, panicle 

weif.!}lt and nUllb.r of filled 'nins per panicle thua 

leadin; to comparable yields in thea. treatment.. lh. 

redUction in water applied under the 12 il'!'iption 1 ..... 1 

did not result in mature atreaa. ibis finding 18 in 

line with Kenwar at ale (1974) Wlo report that yield 
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obtaiDed wu highest with _ter IIPpl1ed. to keep tne 

soU between aaturation point aft4 0.15 .. tin tasion. 

Kumar and ,;ingh (1918) report s1mUar findings. 

3ign1!'icantly lower yield waa obtained with 

submerging tvo cor three day. after diaeppeerance of 

ponded water (1, and 14) compared to grain yield o'bte.1ned 

with I., Or 12 levels. lbe moiature stress in these 

1 ';.., 
~ I I 

regimelS (13 or 14 levels) caused redUction in number of 

tUlers ?er hill, photoaynthea1sing Burface (LA1), and 

other yield attributes such as number of panicles per m2., 

percentage of rUled gn.ina, panicle "'eight .tc., reaul ting 

in reduced grsin yield. lb. influence of moisture stress 

in affecting growth and yield attributes are po1nted out 

by many workers (Kobata and la.ltalU, 1983; RoJCbaudhury 

at el., 1963 and CI'\lZ and (;·'1001e, 1984). 

Under fiooded condi tlon the evaporation is 1.24 

timea greater than under unfiOOded cOndition (~.aba at el., 

1974). Because of the higher depth ot water on the soU 

due to continuous submergence (11 ) IIIOre water rai&ht have 

percolated than under submerging one day after diaappearance 

of water (12 ), '~vaporation and deep percolation are not 

directly related to '?lent growth (1AR1, 1981t). .!1owver, 

tJoanapiration rate of the erop _iob wall directly related 

to prodUcUvi ty wall compat'llble _der these two 1rription 

t'llgimes. 



Under c:onUnuoua submerglllCe fI tot.l ot 1201 _ 

of weter was conaUllied by tbe crop 10Ihereaa with submerging 

one, two or three days after di8app •• nmce ot pOnded water 

it was 854, 697 and 584 mill, respectively (Table 7'). The 

grain yield obtained UDder each irrigation level wae 4.43. 

4.34. 4.21-+ and 4.02 t ba-\ respectively, the yield 

recorded wi th t, and. 12 being cOI!Ip8rable. lhua a aaving of 

28.9 per cent ot 'Water could be ach1t1'Yed 'W1 th sub_rging 

one day atter disappearance of pOnded .... ter lI2) wltbout 

perceptible red1.lctlon in grain yield. 

'1'hu8 the study indicat.es that even lrrlgf1tlon a 

day after disappearance ot water (12) 1b aa eft1c1ent a. 

continuous submf'rgence under the lOW naporetive de1ll8ftd 

of the atmosphere prevailed during t."'e !;i:"J'i season. SO 

taking into account the economy ot _tel' uader scarce 

aituatJ.ona, scheduling irrigation could be done with 12• 

Interaction existed between planting perJ.oda and 

irrigation on grain yield ot rice. Transplanting done on 

26th Hovember and schedUling irrigation with continuous 

submergence or irrigating one day after d.1s8,Ppearence ot 

water resulted in higber grain yield than other collbinaUona. 

Correlation coefficienta were worked out be.".. 

y1eld or dirterent plantings 'With _te01"Ologlcal pUallet.re 

at various growth stages and preaentec1 in Table 10. 



TABLE: 10. CORRaA!I('~; C(,;,FFICl',.NT~ B .T'"Sl'Jl GHAlN YIELD AND 
ME'Tl:.OROLOGICAL ?ARA'''li..TERS AT DIFFE.RENT PHASES 

Factor Phaae r value 
-----------------._------. __ ._----------------.-.----._._._-_._.-._._------------
1. ;1.1n11DUl11 air temperature P I -0.6395 
2. 14ax1mum air t.aperature P III 0.6494 
3. :~ean relative huIII1dlty p II + P III -0.6'11 
4. Iotal sUftlihine noun I'll 0.8150 
5. -do- l' I + f II • P III 0.7652 
6. :otel solar radiation PI! 0.8919* 
7. -do- l' II ... P III 0.8664 

----------------------------------------------- ----
P I - Vep-etative phase 
P II - Reproductive phaae 

111_ c<.1pening phase 
it _ :>lgn1!lcant at 5f> level 

Min1lmlm air temperature at vegetatlve phase 1. 

negatively correlated Idth grain yleld. lb. 1ntluence ot 

10..' temperature 11'1 increasing panicle number was discussed 

alreacly. 

The total radiation received juring reproductive 

phaae sharply tn1'luences grain yield (I" • 0.6919*). fotal 

aUftShine hour. juring the same atage alao abowa a close 

correlation with grain yield. Thus the h1&her gra1n yield 

1"eCOrded in 26th November planting ooulli be •• crl,," to 

the tavClU!'8bl. envirt"'nmental condi tiona received. I1ur1n& 

th. repro<1uctive and later at ripening phases 1IIh1ob 1ft 

tuJ'Il helped in bett.r growth and 4..,elOpMftt of yield 

COlllpOnent. tinally reaUlting in hlab.at grain yield. 



4.1.1. Straw yitl4 

The data presented in I'able 71 show that straw 

yield \IIllfI attected by planting tillle. irrigation and their 

interaction as well. Planting done on 26th Nov_bel' 

resulted in hlgheat straw yield also. rhia waa follo~ 

by 1st October or 10th :::'cember plmtiz'lgs. The loweat 

straw yield was recorded with 15th October planting. 

Continuous submergence prodUCed the hignest atrew 

Yield of 5.5 t he-1• !he favourable influence of contimaoua 

submergence in plant height and tiller production reaul. ted in 

highest straw yield. 

The interaction of continuous submergence with 

planting dane on 26th November produced the highest straw 

yield. The ftext in the order was continuous submergenOe 

with 1at October plarttiftg. 

4.1.8. "'ttl' Ule ettici_x 

,;ater uae efficiency (#u '") (Table 72) was higbest 

with 26th November pl8J\ting and the lowest with 1st 

October plantiftg. The consumptive use of _tar UD4.r 

each planting and irrigation. are presentad in l'abh 73. 

Th. quantity of wate- uMd under 26th November planting 1. 

752 l!IlIl with the bigbest gJ'dn yield ot 4.5 t be-
1 siY1"" 

ri .. to the highest WUE (6.15 kg/IIIII). 'lllougtt 1:be q&utIltity 



1 S 1 

TABLE 71. STRAW YISLD (~Q HA-
'

) (N.r:.i'IONSOON, 19(5) -- P, P2 p} Pit P, Me_ ...... -
1, 5608 5120 5454 5Sao 5471 5508 
12 5285 4910 5110 5459 5235 5200 I, 5187 4793 4943 5530 5122 5115 
I,. 5003 4'31 4513 4611 5120 4615 
~ 5271 4768 5005 5370 5189 

p I P at I I at P 
~tJ) 39.58 42.10 79.86 76.71 
CD(P..o.05) 91.28 103.20 17'.34 16'.28 

l' Al:lLE 72. ~Ar£k us£ EFfI~Ia{CY - GRAIN (KG/H~<i) 
(N.', .~::,!S()(1!;. 1185) 

P, £'2 r' , .1-'. .-, pieaft . II . -
1, 3.78 3.81 3.10 4.56 3.94 3.96 
12 5.66 5.99 4.96 6.4!/ 5.38 5.68 
I, 6.71 7.05 6.54 8.1& 5.t;(1 6.90 
14 7.15 7.70 7.11 8.29 9.15 1.92 
l'ie8n 5.99 6.14 5.13 6.f!!1 5.86 

P 1 P at 1 I at P 
Sl,i;D O.~ O.fJ7 0.25 o. ". 
CD(P..o.OS) 0.55 0.11 v.53 (1.73 

f'ADLr; 13. CONStlt-'.pc'IVr. 1I~ ~ OF ,"A~';:,rl <lf4) (N.l..,1ONSQON, 1985) 

P, ~2 F, Pit P2 Mea 
as ••••.• 

1, 1115 1067 1215 103' ,,,0 1124 

12 763 102 a85 726 810 Tn 

13 617 567 654 546 717 620 

I,. 593 497 511 502 508 5C11 

Meen 767 108 818 702 791 

Hot .tatieticallJ alalYSM 



of weter oonaumed in other tn_till_til a.re also 1 ••• 

the low yield prodUced by tho .. planting. cauae4 the 

lower 'U'UE;. 

The highest Wi!: i8 notiCed with subllergin8 

three days atter disappearance of water (14 ) obviously 

dUe to the least quantity of water ccwtsumed in thU 

treatment. Mowwer, the loweat ybld obtained under 

this treatment do .. not pel'llll t aahedul1Dg iJT1gatJ.on 

in th1a regi_. 

'The interaction shoWlS that 14 P4 (26th Nov_ber) 

combination gave the highe.t Wi;; followed by I,. p~ (10th 

r'ecember) an4 I} P,.. Submerging three days after 

disappearance of wat.r (I,.) could not give hipr ~VJi, 

valu .. with earlier plantings done during October 65. 

4.2.1. Groytb WAcHA 

4.2.1.1. bUM of mant (Tabl. 74 ) 

In pnenl there w .. significant 1Dcre ••• in 

plant h.lgbt with irrigation and increment in N lwals. 

A linear increu. il'I plant height was noticed due to 

N application at ell stag •• of growth 1n both ,,'VIM 85 and 

~ as ....... A pZ'Osnaalve incre .. e in hd4j:bt wea 

alao notioed with age of the Crop. Incre... in plant 

1 r" . .) ~ 
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height due to N appUcation is weJ.l established 

(Irut.'1ayarej and t1orachan, 1980; Salam, 1984; 

HamaslIIamy, 1985 gnd '-eddy, 1985). Lllhanced N uptake 

at higher r< levels promoted effiCient photosynthesis 

and faster growtt, resulting in increased plant be1Bl'lt. 

The main effects of irrigation, variety and the 

interaction either a:IOng thaaelve& or with 11 were al.so 

present. A reduCtion in plant bel@jbt due to decreaae 1ft 

water application ...,.. obael"led. 'ih. r.4Uction in plant 

height may be attribUted to moiature atre .. in cue ot 

12 at saturation in .;11.~. 85 and X, below saturation 

1 ~ ! 
.... ,l: 

condi tion in "'ummel' 86 a.aac>ns, l'98pect1vely. .;i1ll1l11J' 

obeel"lations a.re made by 3aba .t ale (1914i when irrigation 

is scheduled at field capacity. AlI01'lg the varieti •• ;;0 37 

produced taller plantAI than Ii{ ;0 and it waa tNIII with 11 

application alao. Varietal behaviour to N levt'b m1#1t 

be an inherent character ot veri.U •• (IJUtbayaraj, 197'), 

For N x irrigation 1nteraction, continuous eu .... senc. 
proeuced !!lOre taUer plants vi th 1n.c...... in N level •• 

The tiller J)roductlon at 40 DAT &hd 1l.ower1na 

stage of tbfl' crop wall 1n..'luuced by the leyelJl of I 

application and vari.ti •• in bOth the .... CIIU (T.ble 7') 

and by irrigation levde in ;)\aHr 96. Aa 18 c ... of 



1. ~ ,~) 

TABLE 7S. NIHiSER OIr TILLERS HILL- l • STAGEWISE AND S:KASC'IDlISE 

40 DAT 

S.W.MONSOON, '985 

I, 12 .... n 
V, V

2 Moan " '2 "'an V, V
2 ""an 

NO 6.}O 5.80 6.05 5.90 5.10 5.50 6.10 5.45 5.78 
N, 7.70 7.00 7.35 8.' 0 1.10 7.60 7.90 7.05 7.48 
N2 10.20 8.)0 9.25 9.50 8.20 8."5 9.85 8.25 9.05 

" .20 10.30 '0.75 11.00 10.70 10.85 11.10 10.50 10.80 
... ." 8.ft; 7.85 8.)5 8.63 7.18 8.21 8.74 7.82 

N V be' " a.t I I a.t 1f If at T l at I 
SED 0.16 0.06 0.06 0.09 O. tg o. i5 0.19 0.15 CD (P.O.05) 0.39 N.S 0.15 N.S 0.45 0.31 0.45 0.22 

SUttiER, 1986 

I, 12 ~ ..... ., 
·2 Mean ., V2 Me." ., ·2 Me"" ., T2 ...... 

NO 8.99 8.72 8.85 8.78 8.13 8.45 8.7' 8.67 8.69 8.8) 8.,)1 8.67 
N, 11.50 9.4) '0.47 10.)6 9.67 10.01 9.96 9.79 9.88 10.61 9.63 10.12 

·2 12.34 '0.96 11.65 12.29 10.13 11.21 10.47 10.41 10.44 1'.70 '0.50 11.,0 
Moan '0.94 9.70 10.32 10.48 9.)1 9.89 9.71 9.62 9.67 10.,S 9.55 

N I • Ix. NatllatN R at V V at " 
SED 0.19 0.22 0.'8 0.32 0.30 0.33 0.25 0.29 
CD (P.O.05) 0.52 0.50 0 • .(' 0.70 0.7' 0.71 0.62 0.66 

J'LOWKRIWG 
S.W.)oO'SCXJIJ, 1!185 

1, 12 ...... ., '2 Ho ... ., T2 Ho .. T, ·2 ...... 
'0 9.20 8.20 8.70 9.40 8.80 9.10 9.30 8.50 8.90 

X, '2.40 9.50 '0.95 12.20 9.80 11.00 12.3° 9.65 '0.90 

·2 15.30 12.00 '3.65 '3.30 " .80 '2.55 ".30 11.90 1).10 

N3 1.(.10 11.80 12.95 '4.30 13. 10 13.70 14.20 '2.45 '3.33 

Mean 12.75 10."}8 11.57 12.3° '0.88 11.59 12.5) 10.63 

N I • Iocv N at I I at N N a.t V Vat" 

SED 0.12 0.11 0." O. '5 0.2'5 0.29 0.25 0.29 
CD (P.O.05) 0.30 N .S 0.26 0.37 D.55 0.61 O.S? 0.65 

SUMJooER, '986 

1, 12 13 Mean ..... ., v
2 

Mean V, '2 Mean V, '2 Mean ., ·2 

10.67 t l ,71 9.69 9.68 8.89 9.28 10.0 .. 8.00 9.02 10.1 ~ 8.53 9.33 
NO 

9.92 11.13 12.21 9.54 '0.88 '2.36 9.96 11.16 ., " .3' '0.42 10.87 13.54 

14.65 '0.84 12.74 '3.67 , 0.53 12.10 '3.46 10.93 12.20 
H2 12.08- ~ 1 • -4 1 11.7A 

10.18 10.17 10.62 9.88 l' .25 '1.97 9.36 10.61 1'.98 9.80 
Mean 11.~5 

I • IxV N at I I at N N at V V at " 

0.1., 0.17 0.14 0.24 0.20 0.22 0.17 0.18 
SEn 0.42 0.52 
CD (P.O.05) 0.36 0."'8 0.31 0.53 0.41 0.49 

N.S - Not algnifioant 



plant beight increue in !II application reeul ted in 

produCtiOll of lII)re tillera. Ralll88amy (1982) and ~ah 

and Mikkelsen (1963) report inc .... ae in tUler produc­

tion due to N application. 

No aignHlcant difterence w ... noticed dUring 

Sh'M B5 where ... at both stages of obae"atlon 1n SUlIIIIIer ~ 

I, &nd. 12 recorded higher and s111l1l1?r nuJIIber ot till." 

whereas irrigating three days after diaapp .. IWl •• at water 

(~) produced the least number of tillers per hill. 

~!&lIIban1 and Lel (1983) are ot the opJ.n1on that low tUleJ"ing 

and leas lea! area are the adaptatlo.na to lIIOiature atress. 

'!'he number ot emerging tille" 1a blgtLeat ...nan 

vater temperature is around 31·C both day and nigbt 

(;iatauahiu:a et al., 1964). Thus increase in tiller 

production under continuous submergence could be attri­

buted to favourable water tempenture. Singh.t ale 

( 19~) and Reddy (1985; :report h1gher tl1hr production 

under continUOWl aublllergence. 

The variety III 50 produced IIIOre tUlers during bo1:b 

tbe sealJODs dUe to its hliP tillering a.p_cUr. Sheik 

;)awood (1986) reporta inc ...... 11'1 tiller production ~r 

If! 50 compared to lR ~ at hiPer leveh of' N 

appUcatioft. 



The 1nteracUona betwe.n in'i,ation x variety, 

1: :.i' i:rT1gation and N x variety aN signl1'icant at one 

stage or ether in both the aea8C1:llil. Th1.a indicated the 

s8lJle p~ttern of higher tiller prodUction at l\igber l..,els 

ot respective inputa. 

4.2.1.3. Lng Ana iDdax (LA!) (l'able 76) 

1.oal area index increased at 40 _ A'f and !lowering 

stege follow.ing N and water application. Aa the number 

of leaves per plant !ncreu.a, the total pbotoa1Dthea1a1ng 

area available tor the plant increu.a. Leaf photosynthetic 

n te waa linearly related to lea! N (Yoahlda, 1981) • As. 

N level _8 increased lee.! 1\ increased (3al..a. '9~) with 

corresponding increase in 1 •• 1' prot-eins. Thu8 application 

ot I'). • nutrient acceleraUng vegetative growth had the 

!!lOst marked ettect on LAI by both lncreaaing tn. number 

01' t1l1en and $1%8 of leaves reaul ttng froDl increased r. 

absorption (""rata and Mataush~. 1978). 

LAI recorded at 40 VAt ana tlO'lHlrin, 'Was IIIOre 

with continuoua submergence 1n ;;11'1'1 85 Sl!ason. fUring 

sUllDer 86 it was s1a1lar to irrigating on", day alter 

d184l'pa.rance ot "tel' at 40 j,AI but aisn11'1canUy 

hl&h •• t at flower! g. Sharma at ale (19~) obe.1"Y_ 

tb4t as 1011 water decl1Decl 'the avel'll8- .... 1' of leave. 

per plant irlc ..... ed bUt area per 1ft! d.cre •• ecl by elmo." 
50 per c_t. 



, , .... 

l' ABLI 16. L!>A.¥ .lREA INnEX. StAGEWISt: AIID SEA.SONWlSE 

S.W.I-()NSOON. 1985 

40 DAr 

" '2 ... ." 
" '2 He.n v, V ""an V, V2 

... .., 2 

"0 2.34 2.44 2. }9 :;>.17 2.')6 2. }7 2.26 '.50 2. J8 ., }·n '.70 3·47 3.10 '.45 3.28 3.17 ,.58 ,.38 
N 2 ~ . -., 4.11) }.9o '.59 3. R, 3·'71 '.&e ,.99 3.'" 

" t,e7 5.2'5 4. -;'1 ~. 90 ". 6 ~ t.27 ~.H 4.99 "'~9 ... ." 3·)8 3.91 3.63 3. '9 ~. 6.? 3.40 3.28 ,.n 
I IxV ~ II.t ; I at N N'atfVatJ{ 

SED 0.04 0.01 0,01 0.02 0.05 0.03 0.05 0.04 CD (P.O.05) 0.10 0.03 D.D} 0.04- 0.1" 0.07 0.11 0.05 

SUM>£R. , 986 

I, 12 r, Moan 
V, V

2 Mo .. " v, ... "" V, V2 ..... v, " Mo"" 

"0 ,.05 ,.01 3.06 ).06 3.21 3.16 2.06 3. 17 3.02 2.99 3.11 3.09 ., 3.83 4. ;0 4.06 3.82 4.06 3.94 3.39 4.05 3.12 3.68 4. ,. 3.9' 
·2 4.60 5.'4 4.87 4.H3 5.21 4.72 4.22 5.04 4.63 4." 5.'5 4.74 ...... 3.'" 4. 1 7 3.99 3.68 4 .. 20 3.9' 3.49 •• 04 3.79 3.67 .... 1' 

• 1 V 1J<v 1i at I I at N )f at V V at; 19 

SEn 0.15 0 .. 07 0.06 0.10 0.'9 0.12 0.'7 0.11 
CD (P.O.05) 0.41 O.,~ 0.12 0.12 0 •. 4-7 0.28 0.44 0.12 

!'LOWBRIlIG 

8.'tf.)I)I(SOCII. '985 

I, 12 ...... 
", '2 ...... " "2 Moan ", ", -

·0 4.26 4.86 4.56 4.20 3.66 3.9
' 

4.23 4.26 4.25 

"1 5.46 5.53 5.50 5.2} 4.71 4.97 5.34 5.'2 5· 23 

" 6.52 6.40 6.46 5.86 5.65 5.76 6.19 6.0} 6.11 

'3 7.19 7.61 7.40 6.2J 7.39 6.'" 6.11 7.50 7.11 

"'an 5.86 6.10 5.98 5.38 5.'5 5. ,6 5.62 5.7} 

V IxV H at I I a.t N N .t V" V at N 

9~D O.O~ 0.04 0.04 0.05 0.06 0.08 0.06 0.08 
CD (1'.0.05) 0.07 0.09 0.09 O.n 0.14- 0.17 0.14. 0.2' 

SUMMER. t986 

1, 12 1~ ....n 
"'an v, V

2 "'an V, '2 .... n v, V2 
...... V, '2 

5.59 5.41 4.93 5.55 5.24 4.BS 5.60 5.24 5.01 5.58 5. ,0 
H" S.23 

6.75 8.61 1.68 6.25 8.'" 7.54 6.72 9.05 7./39 

" 7.'. 9.70 8.0 
9.53 8.56 6.65 10.19 8.42 7.34 10.,. 8.84 

'2 ".78 , 1.30 9.5' 7.59 
6.42 7.90 7.16 5.93 8.21 7.07 6.36 8.32 

"'an 6. ;~ B.86 7.7 
v Ix V N &t I I • t Pf 1f at V , at 11 

g!D 0.08 0.' 1 0.86 0.15 0.13 0.15 0.11 0.12 

CD (P.O.C>j) 0.22 0.2' 0.19 O. J3 0." 0.}2 0.27 0." 



1 10 'I 

All tbe tnteraotioaa were tound to be signitioent. 

For both v.rieties higher LAl was recorded wi tb eont1m&ouB 

sutrnergence than other levels of lITigation. lbe inWI'­

action 'between 1; and IT!'lgation and N x varl .. ty gave the 

same trend. of reaul till viz •• at higher 1I'Vels of N and 

irrigation the values of leaf area were slgn1t1cently 

higher with higher levels. Slmilar reaul ts are reported 

by PUla1 and Kr1sbnamurthy l1,83). The varlety CO '7 

was superior at higher N end lrrigatlon levels than IR 50. 

Nitrosen and weter applicationa 1n!luenced the 

root length. iAlring SWIneI' a6 it .tnc ..... ed wi ttl .tncreaa1ng 

levels of N and under irrigation levels lClllg._t roots were 

notlced in ease of 1T!'lgating three days after di.appearance 

o! water (~) at 40 ,-,AT. :>ahu and !<wt (1969) and Predhan 

et ale (1m) lIlention that the development of root .yst_ 

was !ItOre under water stress oc:ndi tiona. 

Variety I!Iftd 1ts inWrectlon with irriptlon levels 

on root length was also obaeI'Yed. lhe variety CO '1 

produCed the longest roots individually and in colllbLnat1on 

wi tb I, in Suaaer a6 tbarl of Iii 50 wl tb the .... irrigation 

level. 



'U.BU 71. ROO'!: LENGTH (OM), STA.cttWISK AN!> SEAS0lflo11SE 

SED 
CD (P.O.05) 

3EIl 
CD (P.O.05) 

I, 

""'on 

20.22 2T.,( 20.78 

20.12 21.63 20.88 

19.18 22.(5 20.B2 

2 ' • .(1 22.69 22.05 

20.23 22.03 Z'.lJ 

N 

0.25 0.11 0.11 
N3 0.28 0.28 

16.10 18.63 17.37 

16.32 19.70 18.01 

17.21 20.70 18.98 
16.57 19.68 18.13 
N I , 

0;09 0.28 0.23 
0.25 0.63 0.52 

1, 
Hean 

15.53 16.49 15.9' 
'7.34 '5.90 16.62 
17.47 17.80 17.63 

17.96 18.53 18.2') 

17.02 17.19 17.10 
I 

SED 0.14 0.08 0.08 
CD (P-O.05) 0.34 0.21 0.21 

S,.;D 
CD (P .. O.O')) 

v, 

17.0; 20.0 18.73 

17.80 21.63 19.': 

19.27 22.17 20.71 

W.O) 21.4' 19.72 
I V 

0.10 0.1.4 0.12 
0.28 0.,2 0.26 

40 DA.r 

S~W~JofJNSOOH. '985 

v, 

20.27 2'.89 21.08 

21.28 20.68 20.98 

'9.94 19.91 '9.g'j 
20.56 18.&8 ~9.62 

20.51 20.,0 20.41 

IxV If at I I at " 
0.16 0.31 0.25 
0.39 0.72 0.55 

SUMMER, 1986 

""'an 

" "'aft 
20.24 21.62 20.93 

20.70 2'.16 20.9} 
19.56 21.21 20.'9 
2(.'.99 ~.6C) 20.84 
20 • .,7 21.17 

If 10'\ V' V at • 

O.~, 0.2') 
O~72 O~43 

15.50 18.80 17.15 15.77 19.20 '7.48 

16.10 20.10 18.10 17.50 20.60 '9." 

17.27 20.90 19.08 18.60 22.80 20.70 

16.29 '9.93 18.11 '7.28 20.93 19.11 
IxV N 10'\ I I at 11 • at T , .. t I 

~:~O ~:~ g:~ ~:r ~:~1 

Hean 

15.04 16.49 15.TI 

13.74 15.24 '4.99 
13.39 18.47 15.93 
13.82 18.20 16.01 

13.99 17.0Q '5.55 

...... 
'1 Moan 

15.18 16.49 15.54 

15.54 15.57 15.56 

'5.4~ '8.'~ '6.78 
'5.89 18.37 17.13 
15.81 17.'i4 

Ixv If a"t r I at H If at V Vat If 

0.12 0.20 0.19 0.20 0.19 
0.290.450.42 0.450.39 

SUH?-eR. 1986 

Mo"" 

17.47 19.80 18.63 

18.63 20.6~ '9.63 
19.20 21 •. q 20.33 

18.0 20.6} 19.53 

IxV N at I I a.t N 

0.20 0.29 0.31 
0.45 N.S N.S 

Mean 

'6.03 19.67 '7.85 
17.90 21.07 '9.48 

18.13 22.07 20.40 

17.56 20.93 '9.24 
H at l V a'\ If 

0.22 0.25 
N.S N.S 

N.S - Sot eign!.f'ioant 

..... 
15.79 18.88 17." 
16.63 2<>.20 18.42 

17.71 21.47 19.59 
16.71 20.18 

.. "" 
16.84 19.77 18.41 

18.1 i 21." 19.61 

19.07 21.90 20.48 

18.01 20.99 
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Inwl"IleUon.e of N with il'l'ip.tion III\d vari.ty were 

IIlso present in 3WM B5 but PI x irrigation alone was signi­

ficant at 40 LA! in ':''ulllller 86. 311lJbt IIObture IStre •• 

(12 or I,) with 1ncreaaing lev.l. of N pl"Oc1uced longest 

roots. 

4.2.1.5. Root dry Wll6ht (Table 78) 

Root dry weight increas.c1 with SIleo.s.sive levels 

of N at dltrenmt growth stage. 1J\ both the seasons. A 

gradual increase in root dry we!gbt was noticed with 

ege e: the crop. A favourable 1nfluenee of N on root 

dry weight 11 reported by :ioal.a (1984). 

In :"tf<>i 85 root dry weight was aJ.a11br with continuous 

submergence (X,) and lrrtgat1.ng one d.ay after disapp.aranc. 

e! wator (12 ) at 40 c: AT and nowe:-ing, wh.reas, during 

SWIDer as 1 t _s highest with lrr1ga ting triNe day. atter 

disappurance of '>later {I,>. In cue ot continuou. 

SUbmergence It.ore b%'81'1c.'Ung and aerenchY!l8tou. tlaaue. IId.gbt 

have dweloped but d.ath of roots m1gbt OCOUI' due to to"X1o 

aubstaneee prod\lced Uftder contimlOua II1.\ba.!"I_o.. ~ to 

the entry of 02 1nto the top layer of soU w1 th d1aapP8e.r'11DO. 

of pClftded wat.r prod\lction of toxic BUbatanc •• IIlgbt hav. 

redUCed.. thu. reauJ ting in 1 •••• 1' death ot roots. Conti­

nuous sublller,enc. inora .... BOU t.ap.l"Il~ (Tabl. 2) and 

_1'41 d..ath of root. due to variation in tapera1:l1re ragiae 



TA.BLE 78., ROO!, DRY ~IGHT (G) HILL- 1 • STAGEWISE A..'lD SEA3ONWlS"E 

40 DAr 

S.W.!O«)NSOON. 19B5 

0.83 0.92 0.&3 

1.22 1.26 1.24 

1.51 1.59 1 .. 55 

',78 2. i;> 1. q') 

1,34 1, -4 -; - • ~, 

SED 0.05 0.08 0.08 
CD (P.O.OS) 0.11 N.S N.S 

'0 

" ·2 
Mean 

seD 
CD (p-O.05) 

SED 
CD (P-0.05) 

S?:D • 
CD (P-O.05) 

.... n 

1.)1 1.10 1.21 

1.'36 1.13 1.24 

1.63 1.26 1.45 

1.43 1.16 1.30 

I v 
0.04 0.05 0.04 
0.11 N.S N.S 

0.0;' 
0.06 

1.33 

1.55 
2.00 

1.,)0 

I 

0.05 
N .S 

0.10 
N .S 

Mo"" 

1.40 

1.56 
1.99 
1.50 

v 
0.05 
N.~ 

Meon 

1.14 

'.29 
1.52 

1." 
v 

0.08 
N.S 

Mean 

0.69 0.69 0.69 

1.08 1.04 1,06 

1 • .42 1 • .41 1.'.2 

1.:; t 1.}7 ',.76 

1. 't 1.28 1.2'3 

0.76 0.81 0.76 

1.15 1.15 1.15 

i.,( -, i .50 1.'9 
•• ':>':: 2.05 l.a;: 

'.25 1.}8 

Ix7 Jl at :: :: .-; V )i .. t v V at. JI 

0.~2 0.09 0.12 0.09 0.12 
NoS NoS N.,S 0.;9 0 • ..(6 

1.150 1.21 1.18 '023 1.0} 1.13 

1."H 1.51 1.43 1.49 1.40 1.45 

'.44 1.59 1.51 1.12 1.S9 1.66 

'.,' '.44 1.'37 1.48 1.34 l." 

l:A:v N at I I at N If at V V at If 

0.08 0.06 0.07 0.05 0.06 
0.17 0.14 0.16 R.S N.S 

}'LOWERING 

S.\l.I'«)JiSOON, 1985 

0.76 0.80 0.78 

1.09 1.15 1.12 

1.59 1.76 1.65 
1.84 1.98 1.91 

1."32 1.42 1.37 

IxV N at I I at N 

0.08 0.07 0,08 
N.~ O.H:' 0.18 

SD MHER I 1 986 

1.18 1.12 L 15 

1 • .,.; 1.601.47 

1 .60 1 .76 , .68 

1.,7 1.49 1.43 

Ixv N 8~ I I a~ N 

0.15 0.09 0.1~ 
N.S N.S N.S 

0.9; 0.97 0.92 

1.28 1.2. 1.26 

1.58 1.65 1.61 
1.91 1.99 1.95 

1.4' 1 •• 6 

N' at V V &t " 

0.07 0.08 
N.S R.S 

1.24 1.16 

1.59 , .il 
, .91 1.88 

1.58 1.48 

If at V V Ilt H 

0.06 0.11 
N.S N.S 

N.5 - Not aigni!loa.nt 

...... 
1.2, 1.12. 1.17 

1.40 1.35 1.:n 
1.59 1.48 1.';4 
, .41 1.}1 

1.25 

1.47 

1.74 

1.H 

1.07 

'.37 
1.65 
1. '6 

He .. 



trom ;n - 15·C to 37 - 25"C 1. "ported by Kar et ale 

(1976). Itatare end Upad.hyay (1981) report more 1"00t 

dry weight under irrigation at tiald capacity tban at 

eOl'lt1nuoue aubmergence. Irrigation x !Ii in'teraction was 

present at 40 DAT in "'ummel' as end at flowering in 

1 j ,-; 

:;;",}l 85 aeasons. lrrtgatinlj three days arter diaawearence 

ot WIlt_r (I,) recorded more root dry ve.1ght wi th N appli­

cation during ::'UlIIIIIer 86 whereaa continuous aubmergence 

recorded more root dry weight with ;.' appU.cat1on.1n SlW, 85. 

4.2.1.6. m NtWr prO;luct&Qn ('lable 79) 

Dry matter production (:~v,p) increeaed. with 

enhal'lCement in level$ or N end higher irrigation water 

application at 40 ;AT and flowerillJ in bo~ ~e seasons. 

I'lle higher thl! doses ot N or water, the hi8her was the 

iY.f:? Nitrogen, at the highest doa. <)t 225 kg ha-1 

produced 4.::19 and 9.88 t na-1 ot dry matter at 40 LA! 

and .!lo\tf~ring during ~,;V;~ 35 and at 1;;C kg h.-1 prOdUced 

4.93 and 7.70 t ba-1 at 40 AT and. flo_ring during 

jUlllll6lr 86, l'uv«:Uvel.y. Tiller prodUCtion &lao .followed 

the a.a trend.. ACcordillg to Tanaka (1965) tha nwabel' 

ot l •• va. in rio. baing IIlOre or 1 ... fixed, it abould be 

ma1nly thl'OUltl an increu. ia tWer prodUction per UIl1't 

area that J:WJ> coul.a b. inc ..... ed and the reported tNnd 

1a ia line witl\ thi. conolualon. 



1.;j ! 

TAB"" 79. DRY MA TTER PRODUCTION (KG m-1
). STAGEWlSE A.ND SEA.SON"WlSE 

S.W.I'()NSOON. '985 
40 DAT 

I, 12 Mean 
V, V

2 Moan V, V2 ""." ", V2 Moan 

NO 1158 1494 '}26 96.0 1061 1013 t06t 1278 1169 
N, 2Hl 2778 2756 2839 203' 2135 2486 240,( 2445 
"2 3'.t.2 .tn~ 4?,-"8 326' 42~~ 3746 3502 4582 ,042 
'3 4900 5075 5400 3810 5 161 4485 4355 5618 .986 
u",,,,, )1')"; 3820 3477 2719 '3120 2845 2851 3471 

• 'xV N at 1 I at N N at V V at II 
S~D 1.".06 59.06 59.06 ~.5~ 192.51 170.97 191.51 '70.97 CD (PoO.05) 345.18 144~52 144.52 201.39 N.S N.S 440.2} 299.97 

SUMMER, 1986 

I, 12 ~ ...... . , V
2 Me"" V, V

2 
Moan V, ·2 Me"" ., ·2 ...... 

·0 3967 4083 4025 3828 3422 }625 3494 2594 }044 3763 ,,67 3565 

" 433} 5006 4669 4317 4400 4359 3872 }672 3772 4174- 4359 4267 

·2 5178 5800 5489 4511 5206 4856 4111 4755 4433 4600 52'}4 4927 
Moan 4492 4963 4728 4219 4343 4289 3826 3674 3749 4'79 4327 

• 1 V Ix" N I1t I I at 11 N at V Vat H 

SED '50.59 87.19 71.18 123.29 '79.65 1}1.15 165.76107.08 
CD (P.O.05) 4'8.05 '94.24 N.S 274.69 N.5 N.S 440.18122.60 

s . w. H:liSOClr • 1985 
rLOllll!lIWG 

1, ~ ...... . , V2 Ho ... "', "2 Ho .. " V2 Ho ... 

·0 3383 3056 ~220 3087 2728 2908 3236 2892 ,064 ., 5306 5911 5608 5178 4578 4878 52,2 5245 52" 

·2 7567 6965 7266 7178 6661 6920 7H2 6813 7093 

·3 11405 '0227 10817 9000 8895 8947 '0203 9561 9882 

M .. " 6915 6540 6727 6111 5715 5913 65'3 6128 

N I V Ix" N at I I tlt Ii N at V V a.t N 

SED '58.'19 106.48 106.48 180.59 191.46 168.96 191.46168.96 
CD(P.0.05) 3(J8.31 260.56260.56 %8.49 447.76378.2' 447.76 }62.3' 

SUMMER, 1986 

I, 12 I3 ..... 
V, "2 Moan V, V

2 
.... an ", V2 Moan ", '2 Me ... 

6472 6672 6572 4744 5500 5122 4205 488':1 ,547 514 , '5687 5414 
NO 

6'94 6711 6453 5383 58050 5611 62805 6780 6532 
N, 7270 7778 7528 

7950 7188 7569 6894 6711 6B02 80'5 73119 7701 
N2 92(X) 8267 8734 

7611 6296 6467 6467 5494 5817 5656 6480 661~ ""an 76;,0 7572 
v IxV N at I I at "N N at V V at N 

SED 8S.~ 151.97 124. 09 2H-.92 158.52 202.47 127.20 '65.32 

CD (p.O.05) 236.03 338.60 N .S N .S N.S N.S 304.55 584. 16 

N.S - Not eiCl1floa ni 



Variety could e_rt 1nfiuence on mP only durla, 

SWM 85. The variety '::0 '1 produced highe.t aw than 

IR 50 at flowering. COIIbine4 etreet of .lJ'r1.,.tion lnel. 

with varietie. wu 8e_ only during •• rly .tag .. of crop 

growth. Interaction of N x variety ",.. found to occur both 

during 40 Df. T .,d flowering in 3Wf1 as and .:>u.er S6 .e .. ona. 

Dry I!IIltter prodUCt1cm ... high. at tor CO ,., with higher 

levels of N application than that of IR 50. 

4.2.2. Uold and yiald attrHNte' 

;)fata on number of panicle. JIft' .2, length ot panicle, 

panicle weight, number of filled graina per panicle, p.rc_1I­

age sterility, 1000 grain weight, gn1n and straw yield 

recorded are preaented and di.CUNed in this section. 

fatrogen !ertilization increaaed panicle nwaber 

with increuing levela of N. Application of N at 150 kg 

ha-1 produced tl\e higheat panicle number of 409 and 422 

in ;; Wi·, 85 8Il<1 S\lIIIIIIer a6 ,..,.1cl1 are higher than in lower 

l..,e18 of N. Increued panicle ftUIIIbI!r at enbanced l..,el.a 

of N 1. obaeJ'Ye4 by Man1 (1979) and P111a! and De (19eo.J. 

A aip.1t1cant 1nf1uenoe with 1rr1pt1on l..,els wee 

not1ced only in SWLJier S6 a-..on. ContiJluoua 8Ubllerpnce 

produced the higheat nUllber of pen10le per .2 (3TT) 



T.lBIZ 80. NUMBER Op PJ.NICLES M- 2 • SEASONWlSE 

S.W.!oOlSOON, 1985 

222 

,01 .). 
H 

SED 2.09 
CD (p.o.OS) 5.10 

297 

403 
461 

387 
N 

209 

360 
38'; 

352 
328 

I 

2.50 
N .S 

286 

384 

429 

366 

Mean 

216 

381 

Mean 

292 

39, 

.45 

377 

S:£;D ;.70 4.31 3.52 
~D (1)-0.05) 10.26 9.61 7.84 

226 . " 
<25 
)82 
)67 
Ixv 

3.53 
8.64 

291 

392 

05 
373 

Mean 

~05 216 

335 38 • 
"\8? 40'" 

J38 360 
317 ;(2 

N at 1 1 at N 

•• 63 5.6. 
N.S N.S 

SUHMER, 1986 

281 

380 

413 
358 

286 
386 
424 
365 

224 207 

417 348 

'29 389 

)89 345 
365 322 

N at l V at II 

•• 63 5.6. 
10.05 14.02 

282 

387 
.00 
356 

279 

376 
39, 

350 
Ixv N at I I at N If at V V at R 

6.10 7.64 7.96 6.00 6.59 
13.59 N.S N.S 1,.09 14.99 

"'an 

Mean 

281 

382 

397 
35} 

TABU 81. LXNGTH OF P!NICL!! (ClI), SlUScrrwISlI 

SED 
r;D cP-O.05) 

Sf':n 
CD (p.O. 05) 

Mean 

17.0) 16.00 16.52 

17.27 16.83 17.05 

17.60 17.03 17.32 

17.94 17.40 17.67 
17.46 16.82 17. 15 

0.07 
J.17 

1 9.44 

19.76 

21. 1 9 

20.1, 

I 

0.06 
0.14 

v 
0.06 
0.14 

, EI."J7 111.9 1 

19.70 19.73 

~O.93 21.06 

19.66 19.90 
v 

0.13 0.10 
0.20 0.23 

s. w. MJfI'SOCII', 1985 

Me .. 

15.97 15." 15.65 16.50 15 •• 7 16.06 
16.53 16.77 16.65 16.90 16.80 16.85 

17.10 17.23 17.17 17.35 17.13 17.24 

17.67 17.53 17.60 17.81 17 •• 7 11.6. 
16.82 16.72 16.77 17.14 16.77 

IxV N a;t I I at N 

0.0$ 0.11 0.11 
0.20 0.7.4 0.25 

SUMMER. 1986 

MeaD 

1, .46 18.4') 18.44-

79."34 19.12 19.23 

20.33 19.52 19.92 
19.38 19.02 19.20 

IxV N 8.'\ I I at Ii 

0.18 0.25 0.24 
0.57 0.51 N.5 

N at V V at N 

0.11 0.11 
0.24 0.27 

MeOD 

18.44 17.64 18.04 

20.14- 19.14 19.65 
20.18 20.29 20.24 

19.59 19.02 19.31 
N Ilt V V At N 

0.20 0.20 
N.S N.S 

290 

39. 
.32 
372 

282 
380 
,12 

,," 

...... 
286 

387 
422 

... "" 
1B.77 1B.14 18.46 

19.75 19.32 19.53 
20.57 20.25 20.41 

19.70 19.2, 

1 q r: 

-----------------------------------
N.S - Not a1pdfioant 



followed 'by 12 end. 1, levels of 1rr1.getlon. The lower 

number of panicles in tne lII01ature stress treataent. 

miabt be due to cyclic drying of top 10.15 011 8011 where 

!:lOre root. were concentrated. -file roots produced by 

tUlers encOWItered. moistl're atres. and resulted. in lower 

nutrient uptake (lable. 918, b and c). lnua moat of tn. 

lata tormed tillers might have d1ed. In add1tion co.., .. 

t1tion of' weeds with growing tillers tor water and. other 

nutrients under 12 and 1, treataents IIl1sbt also reault in 

reduction of' panicles per .l-. Sah aftC MikkelHn (1983) 

observe .illl1lar reduction in panicle. per .2 dWt to _1ature 

AlDOne the verietie. Ii\. 50 produced more nwaber of 

panicles. It recorded 13.0 and 4.0 per cant more number 

of panicle. than co 37 dUring S¥l-t 8S and. SumlDer 86. rea­

pec:tively. Though co 37 •• taller and ~l"Oduced IIOre LAI 

than In 50, due to the mutual ahed1:ng of' leav •• it cOUld 

not ut111ae the inputs avaUable e!1ectiv61y In tranafClI"IIins 

to more economic produCe. 

:ffie Interactions of variety with N and 1rI'lpt1on 

are a1gni!1cem: in both the sea.eon.. 11\ 50 produCed JIlOre 

penicl •• per'; at all irTipt1 .. and N levela Uled 

cOIIIpared to CO 31. 

4.2.2.2. ' .. db At MD1Pl.' (Table 81) 

lbe panicle laqtb wea 1ncrea.eed 81811l1t1cant.l., "Ub 

entaenoement in N level. and QU8IIt1ty of .\J'ript1on vater 



&'PP11ed.. 'this III1ght be due to increued. rate of photo­

synthate fonaat1on and translocation. Increaa~ panicle 

length due to N application 18 reported by Kel~1kutty 

(1970). Sheik t Jawooc1 (1986) and many other wcrker •• 

Continuoua aubmergence was round n.c ..... ry 'to 

pro&ce lengthy panicle. in both the .euona. Panicle • 

.... ere lengthy in ~:.ummer a6 than 1ft ,:. w;r, 85. Among the 

varieti.s, IR 50 produCed. pafticle. wi th sre langth than 

co 37 1ft both the saeaon.. Interaction of v .. rlety wi ttl 

irrigation and N are 81g11t1cant dUring S\~1'l 85 lifterea. 

N ~ irrigation alane i8 .ignificant 1ft Summer eG. Higher 

dose of anyone factor with another factor gave ri.e to 

l~ier pan1clea. 

4.2.2.3. welsh' ot P1S1c1. (Table 82J 

Panicle wight Snoreeaad due to N application. 

Nitrogen .t the hip"t dOse prodUced. panicle. with .. 

mean welgbt ot 1.50 aDd 1.82 g wh.Ue contf'Ol recorded. 

1.15 and 1.it6 g 1ft SWM 85 and au...r 86, respectively. 

IneNa.. Sn panicle weight dUe to N application 1. 

reported by Jreedharan and Vallladft'an (1961). 

j,ttecu due to l."el. of lrrlptlon. variety aftd 

irrigation x variety fIlld N :II; variety lnteracUona were 

tOUftCl dUr.f.ftg Swaer 86. Cont1nuDua ..w..rsence recOJ"Clecl 



':_:l , 

TULE 82. mIGHT OF' PiN roLF. (a). SF.:ASONWISE 

S.W.MONsooN, '985 

1, 1, Moon ., 
'2 Moan · , ., ",an ., '2 Moan 

"0 , .18 , .09 '.14 , ,DB , .~~ 1,16 1.'" 1.17 1.15 " , 1.27 1.23 1.25 1.14 i.35 1.?5 1.21 1.29 1.25 
"2 1.25 1 .41 1. ~~ 1.32 , .,)0 1.41 1., .. 1.46 1.40 

" 1.46 1.54 1.50 1.45 1.54 1.42 1.46 1.54 1.5 0 
Moan 1.32 1. ~2 , .J:? , .25 , .t1 1. JJ 1.28 '.36 

Ixv "at : :: .. \ 1'1' N 11.'\ T , a\ • 
SC:D 0.02 0.05 O.OS 0,07 0.0, 0.06 0.03 CD (p-o.O') ) 0.06 

0,04 N .5 1".3 •• 5 " .S ".S N ,S ".S 
SUMMER. 1986 

" 1, '> ...... . , · , "'an ., '2 "'an V, '2 ...... " '2 II ... 

NO 1. 35 , .67 1.51 1.41 1.(7 1,·U. 1.3' 1.57 ' •. U. 1.36 , .57 '.46 
N, '.72 1.80 1.76 1.61 , .80 '.70 , .48 '.73 , .60 '.60 1.78 , .69 

'2 ' .34 1.97 1.95 1.67 '.88 1.78 1.58 1.90 1.7' 1.73 1,92 '.82 
Moan 1. 67 , .81 1.7. 1.56 l.n '.64 1.46 1.7'5 1.59 , .56 , .75 , v IxV N .t I r a.t N' N at V Vat. W 

SED 0.02 0.02 0.02 0.0, 0.04 0.04 0.03 0.03 
CD (P.O. 05) 0.06 0.05 0.04 0.06 0.09 0.07 N.3 N.S 

TABLE Il}. THOOSAN'J) rmrn 'WEIGHT (G). SEigOJNlSE 

S.W.t«)NSOON, 19€IJ 

1, 12 Moaa 

·1 '2 Moan T, T2 "'aa " '2 Mo .. 

RO 20.08 21.16 20.62 20.08 21.88 20.85 20.06 21.}7 20.7} ., 20.99 21.79 21.}9 20.41 22.}7 21.39 20.70 22.08 2'.}9 

·2 21.}6 22.51 21.9} 20.9322.9621.95 21.14 22.7J 21.94 

'3 21.59 23.29 22.H 21.69 2}.67 22.68 21.642'.4822.56 

Mean 21.00 22.19 21.60 20.78 22.65 21.1' 20.89 22.42 

IxV • at I 1 a.t N N at V V at N 

S~r> 0.17 J.2t 0,21 0.26 

C" (P.0.05 ) 0.40 ~. S N .5 " .5 

SUHHER. 19f36 

- _-_--,------- -----_-----

1, 12 I} "'an 
V, v2 Mean V, '2 "'an " '2 "'an ., V

2 
... ." 

"0 
20.4 1 21.46 20.g4 2[\.24 21.57 20.91 19.~6 21.07 20.47 20.17 21. 'H 20.77 

" , 21.7521.8921.82 21.')9 22,11 2' .85 21.')5 22." 21. 9~ 21.6., 22.11 21.B7 

N 2 22."4 2~.H 22.H9 22.0; 23.78 22.91 21.7'5 ? ....... 4 22.55 22.04 23.'.52 22.78 

Moan 21.,)0 22.27 ? .89 21.2Q 22.49 21.89 21.05 .!2.2·1 21. 55 21.2822.:n 

N 1 V Ixv " at 
, I a.t N N at V V at N 

SED 0.08 0.29 0.24 0.41 0.22 0.)6 0.10 0.29 

CD (P .. O.CJ5 ) 0.2:' N .3 0.53 N .S " .5 ~ .S N .5 N .5 

N,S - Not al,9l1fiO-l:\n\. 



heavier p_clea (1.'74 8) thul in 1:be o1:ber tvo irI'1pUon 

lwels which _re cOIIIpaJ'able. -na. 1nc!'CHlM in panicle 

weight to water depth increa.e 18 reported by Oelke (1966) 

and :Jheik JaW004 (1986). Higher level of irrigation and N 

have favourably 1n.fluenced aJllltbatct acCUlllUlet10n in the 

gra1na which lIifllt have increased the panicle _1gbt. 

This 18 in con1'ond. ty wi th the obMrvationa ot Place at ale 

(1970). 

The data em 1000 gnift weight (fable 8') abov that 

N and variety in both the se .. n. and irrigation x variety 

1Dteraction in ,sWllllleZ' a:> could in.f'luance thb yield attribute. 

lilpat teat w81gbt of 22.56 g .... obtainlad by N at the 

higheat cSoae cOlllpUed to 20.13 g ot control 1n jWl>! 65. 

In 31.1 .. 1' 86 the figw'ea were 22.16 8Dd 20. T1 g, Napect.tve1y. 

~ed application of N record h1ghe.t value. 

tor both parl1ele weight lVId 1000 vain .. igbt. Th1.e cOUld 

be expla1Decl on the baalu of favourable .. fteet ot N appli­

cation 1D opti_ quanti tie. and at the correct U. tor 

1nllUftnciD& the we1nk c .. ~ tyft. the 1'0"..1:.1011 of Wl. 

wYield conWlruw eel ita efleeti .... traftat~tioa toward.I 

grain. __ Oftce U'l tert1li_tion 1a o ... er _4 tile aocepUns 

~c1ty 18 achJ.eYe4. Sa4Qappeft (1982) _4 NIU'UbIaIMr 

_ Slllgb (1983) report 8UCb 1acreue in teet we1lht with 



1ncreue 1rl N tertUlzat1on. QraI.na are be4av1er with 

the varlety CO ,., then with IR 50. 

4.2.2.5. ~er 0' tU194 m1M PIt p.lel. ('table 84) 

1he DUIIIbel" of till.d 5l"aina per panlcl. 1ncJ"eUed 

tollowing N application. "'alla (1969) .tinda that tn. final 

number of gJ'!1ina usuall y 18 closely related to the amount 

of total N absorbed up'tO the nowertng .tage of the crop. 

1.11Ut:rentiaUon of .p1lreleU vaa aV'ODgl.y auppOl"'t.d by N 

supoly and their degeneraUon waa eUectlvely prey_ted by 

ca1"tlOh~nt. supply through iDcreaaed pbotoayntheaU that 

was favourably ir1tluenoed by N. 

')n 1 

~U 1 

nUt,rent levels of irrigation elM in.tluenced 

number of tUled grains. Moisture _tress dUe to lower 

levels of irTlgation 8u'betanUally reduoed thU yield. 

ftttr1~te. FUled gra11'!l ftUlliber 1nd1eatea the natural 

capac! ty of the siDk to receive end store the aOW'C4t of the 

photoayntMltes auppl1e4 trom tht aaa1ldlatory autCace Of 

the plants \!Ib1ch ".. tavourabl y lntluenoed by N and. 

l!'l'igation. Fager1a (1982) aM heddy (1985) obaerve 

deCreaae in Il\laber of ruled gralaa dUe 'to molatu." 

stres. at reprodUCtive stase of the crop. 

5im1l.ar to ,000 gre1n welaJ1t. the variety CO ,., 

baa given Il101'" nwaber 0.1' fUled gra1na than 1ft 50. lb. 



'l'UJLJ: 8.. NUMBER Or rILLED GR.A.lks PA.NICLE-', SEASONWISE 

S.W.~NSOON. 19~ 

Moan 

53.78 55.0. 5 •. 41 

55.24 55 •• 6 55.35 
57.61 58.4,} 58.02 

59~10 63.''} 61.11 

56.43 58.02 57.22 

47.38 ')0.51 48.9<\ 

48.81 ,2.04 50 • .0 
53.8? '54.42 54.12 

55.65 61.13 58.39 

53.41 '4.5~ "~.Q'" 

50.58 52.78 51.68 

52.03 53.75 52.89 
55.71 56.4., 56.01 

57.}8 62.n 59.75 

"'.92 56.27 

IxV N at I 1 s.t >; >; at V V at N 
SED 0.30 0.27 0.27 
CD (P-O.05) 0.75 D.tG 0.66 

SED 
CD (P-O.05) 

V, 

63.27 74.40 68.63 

77.(» 79.10 78.35 

82.23 El5 .40 63.B7 

74.40 79.63 77.02 
N 

0.61 
1.69 

0.9' 
2.10 

v 
0.77 
'.72 

0 .. 38 0 •. 42 0.45 
0.93 0.96 0.99 

SUMKER~ 19B6 

Moan 

56.80 66.47 61.64 

65.43 71.33 68.38 
68.50 77.2, 12.87 

63.58 71.08 67.63 
IxV N a. t I I at N 

1.331.061.29 
2.97 N.S N.S 

V , "'an 

53.10 56.60 54.9; 

60.94 62.57 61.76 
67.13 71.50 69.32 

60.39 63.56 61.9B 
N at V V .1; N 

0.87 1.05 
2.11 3.31 

f.i&.!; B5. PERCENTAGE OF S'l'ERILITT I SEJ.SONWlSE 

SED 
CD (p-O.05) 

SED 
CD (P-O.05) 

... "" 
16.73 19.13 16.93 

17.30 16.67 16.98 

14.43 14.53 14.48 
14.14 '4.47 14.31 

16.15 16.20 16.18 

0.41 
0.99 

0.44 
1.22 

I 

0.80 
N.S 

0.80 
N .S 

3.W.1'Clf$OON. 19fJ) 

... "" 
20.20 16.33 19.27 

18.53 15.B3 17.18 
15.60 14.10 14.85 

15.23 16.71 '5.g? 

'7.'9 '6.2' ,6.62 
IxV N at I I at N 

1.14 0.5':' 0.94 
N.S N.S N.S 

SUMMER, 1986 

-19.47 '8.73 19.10 
17.92 16.25 17.06 

15.02 '4.32 14.67 
14.69 15 .. 59 15.H 

16.78 16.22 

N at V V 6'" N 

0.57 0.94 
N.S N.S 

...... ...... 
57.73 65.82 61.77 
67.99 71.10 69.50 
72.66 7B.04 ?S.}5 

66.13 71.63 

"'an 



1Dtenctlon between ill and variety wu prCllnOUllce4 with 

the d1.f'tenmt varieties at higher levels of N. 

Nitrogen alone influenced. th1a chancter 1n :1\1r.', 

where .. N and 1rrigation levels effected percentage 

.terUl ty during SulIImer. ifthanced applicatlon of Ii 

resul te<1 1n reduction of aterUity COl!lpared to no ~. 

Yoshlda and JJm ('1968) and Wada (1970) reall.e the 

iq>ortanc. of II high nte 01 ImP after flowering as it 

113 directly reflected 1n the developlleftt of IIOre plWlpY 

graJ.na and in the ul tillate grain yield 01 riCe. 

Percentage aterUity reoorded. UDder eontlnuowl 

submergeftCe was lowest cOIIIpal"tld to other two irrigation 

1..,els in SuDDer aG. Gre1ns an fOrMd. an4 d .. el0pe4 

dUring the periOd between plllicle 1n1t1 • .'tiOll to booUn&. 

MoiSture atres •• t this ete.ge du4 to irr1pt1as ODe 8ft4 

t:h.ree deya after dJ. .. ppearanee of water in 12 IIftd 1, dsh" 

heve redUced the IlWIIber Of tUled. p-aina. ,upiaall e" al. 

(1964) are 01 tn. op1n1OD that the orpn 1iIb1ch .. lJ'Ow1ng 

_at rapidly durtag tn. mouture atre.. would 'be lIOatly 

affected. Suluw_1aD (1976) and RuI:la..,. (198') report 

that irr1gatiOll. to aubaerg",. tlbeaever the soU N .... 

field capaci t1 or two to 1Uur daya sUe.. 'be~ irrl­

pUon thJ'Ou&bOUt the crop gI'OWtI'l increaaecl the .ternit, 



percentage as eo~ared to that of contimlova OJ' ClO11o 

submergence. 

Inunction. ot ff with irrigation end var.le1:y were 

significat.. Continuous wblllel'8enoe wea tClW\d nee.a.ary 

to reduce the sterUlty percentage at all leve18 ot N 

tried. 

Grain yiel.d w.. 1ft!luenced. by N ad variety dUring 

"k~: 85. J..ll the main e!tecta and the interactions exerted 

infiuence on graill yield dUring SulDer 86. Cin1ft yield 

1nereded ",1th N application upto 150 ka: ba-1 beyond lIh1ch 

a decline waa eeen 1ft ;.,lo't~ 85. 

'lbe !avcurabl. effect of applied N on gI'OYth III1d 

root production resulted 1n greeter uptake ot nutrients 

\1h1cb again increaaed the m.uaber of panicle., gra1D :pn 

J>III11cle as _11 aa teat weight. The cuaalet1'n ettect Oft 

the growth and yield components ",11:b applied N baa reflected 

an th. grain yield (Fig.18). 

'lbe data turtner ind1cate that th. inore •• e in 

sra1n yield dUriDg SWK 85 frOll 0 to 15 k£ r. b.6-1 ,.. 101.0 

per cent. froa 75 to 150 kg N be-
1 it Vila only 15.' per •• t 

lIM"'" tJ'OtI 150 to 2a kg ha-1 .. ...-ction ot 6.0 per 04IIlt 
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in yield we.a notioed. In :.uaaer EI6 the yield 1ncreas. 

trom 0 to 15 kg N be-' was 70.0 per cent end trGIII 15 

to 150 kg N ha-' was 19.8 per cent. 

I'he fGlVOUrable .!tect ot N application is in 

conto1"lll1 ty vi til the findings of 11Urata (1969) 'IIho bu 

listed the beneticial ettect of N to (,) opan_ion ot 

leaf area, (2) increase in N content ot 1 .. ",._ and 

(,) increased ·sink c.apact ty" to accolDOdate greeter 

amount. of pnotoaynthate_ or ·yield content. ". All the .. 

factors appear to haYe been opereti",e upto a level of 

150 kg N be-' beyond which the expansion of lea! area 

caused lllUtual sbac:Unt of leaves resulting in decreaae<l 

y1eld at the high.at lev.l ot N tried in swr; 85. 

At low 18'9'e18 of tl supply "sink oapactty" 1s a 

11m1 tJ.ng factor 1n determining the yield., Ho:RtVer, wi tb 

an adequate supply of III it 1a not dUflCUl.t to incre ... 

the size of the ·yield-contain.r·. Nonllally at SUeft 

higher rate of l»; Iij1plieatiOl.l, eJq)anaion of leat area _,. 

haVe a dolllinant rol., as the exce._ive vag.tattve gJ'OWtb 

and leat area 4evel.opllleftt misbt retIUl t in <leorea_ed gra1n 

y1e1da dUe to probleaa of IIIltual I&bac11ng or uptake ot 

axee.a 1!IIIIIIOIl1. diet- ..rb1ng tbe balance betwee caJ'lloh]'dJ'ate 

end proteiD _tabella (P11lal 111\4 De, 1919). 



In ,jW'" 85 th. irrigation Of sulDeJ'l1ft& the 

field one day after diaapp .. nnce of ponded weter waa 

equally effective as contiDuOU8 submergence in geUing 

goOd rice yield8 (Fig. is). 

Contimloua su'blllergeftCe with 5 em collWM4 • total 

quanti ty of 1569 II1II of water (fable i.f7) to pl"Oduoe a &rein 

yield of -!+.26 t ha-1 compared to 1012 I11III in the otbel' 

irrigation treatment which rec0r4ed the yield Of 4.20 t ha-1• 

Thus a saving of about ,0.3 per CG'lt of WIlt.Z' could be 

effected by schedul1ng izorigation at one da)' after diaappetlJ'oo 

lL'\Ce of ponded vater under C011lbatore OOft41tiona durlllg 

SW:·l85. SiJaUar Nault. aN reported lly Rega • ...., .t ale 

(i9~) and Sh.tdJt ;:)bOOd (19t6). 

HoweveZ', dUring SWIIDIeI' 86, higbeat grain yield WIUI 

obtained with continuowt aublllergeftCe to 5 _ follow.d by 

irrigating OIle day after disappearance of water and the 

least by sCbeduling il'l"igation th .... d.,. an.er diaappeanDC. 

of water. -lbe data indicate that contiDuCNa aubllel'lenoe 

record.ed 5.6 _d 11.1 per cent IIIOre graln yield than the 

other two irrigation l ... 81s. Plant _tel' defioits ..,. H 

caused either 'by ellCeaaiv. t.nnaplration. by &low absOrp­

tion of ",ater. or by the collbinat.ton Of both. Water 

def1c1 ta are Il101'8 Nvere in upper l .. v.. nca1Y1I'1g h1&b 
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aolar rac11atlon ed wiDd. dUring 3w111ar thaa in lower 

leavea. lbe tranaptratlon lou of. rlc. population 

is at • 1IIald_ during the period t"* MoUD& to 

hcadJng stage can the LAX is the h1gbH~. l.W'1ng thia 

periOd rice leaves are liable to autter waul' det1cJ.t. 

lb. photosynthesis of rice le.ves at booting .tage was 

closely correlated with leat water conten~ (Mw-at .. 1961). 

'lbis showed that continuous subIHrgence was .... tial tot' 

eettinr: higher yield under th. egro.cl_Ue COftIUtlona 

prwelltng during the i1Ul'11ll41r .... an in thb zen. vbe ... 

the l"Idnf'all is very low, aridity of the ateapb.re .. 

indicated by the atlD08J)hertc e'Vap01"8tiY. d.-n411 U.ble 1) 

are higher and the pereoletloft 10s •• s troa the IIOU alUlWlleS 

a greater lllagJ'litude (SivDftIIPpe aD4 Sa1f\l4ee. 1971)). 

Shallow sublllerpnce of 5 CIII atandtng water .... 

to be ideal tor the varieUe. tested UDder the conc11 tiona 

ot thQI'lG e)Cpertmentation during ~r 86 .8al1On. SillUaJ' 

!'1n(tirig8 are r.:tported by Shartllft and De ( 1'119 ). Ro~dbu..,. 

et a1. (1983). '1eddy an~ tluss~in (1983) and Prase" aftCl 

Shar"!lllS (1981+1. '.:'he increased n.te of grovth &ftd DMP .ere 

the tran.pirationu trlmster rtf water was ....... also 

due to the iDoreaaed rate of nuV1ent uptake that take. 

place .. a resul. t of ilia.. tranater of Ion. ~ the 

tranapiratlonal .ystem. 'lbe • .-taU .. etf.n Of 

irrigaUon and N OIl growth c:l1a..NCten and yiel4 cOIIp __ U 



resulted in gr..ter \l])tak. of nuU'i .. ta which baa 

CUl.lII1nated in increased yields. 8111Uu rellUl ta IIJ'8 

reported by Punlabotbaman end Moreohan (1974). S1Dgh 

at Ill. (19~) end ;,1Jlsh and. Kuar \1983). 

l."Irtl1fting and refiOOdlng tn. aoU aa waa don. in 

ttl!! Cl'\ae of 12 lind r, reaulte4 1ft llarked decre ... 1ft N 

uptake. apparently dUe to the lower N supply avaUab1e 

to the crop d a result ot poa8ible denUrit1ca'tlon 

loss •• ot N a8 repOrted by Patrick snd Mabap.tra (1968) 

and thls 1.I'd.g!lt have been one of the lI&jor reason. tor • 

low:." growth r!lt~. dwe].op .... t of yl8ld cOIIponent. aIlCl in 

.. lower grain yield of rice. 

IR 50 out yiel.ded CO 37 by 5.3 and 5.4 per c_t 

durine SI\'!#, 85 end ;luRae!' at) ... acme, respectively. This 

b attributable to hlgber p1'Oduct1on ot panicl •• per unit 

Ilrea wenthoufb 1 til grains were lighter than CO Yr. This 

1s in accordance with the obaervat1ons of IoUtbukrlabnaft 

.t &1. (1983) who report that IR 50 had given cOliparable 

y1el1 ,,1. th CO 37 variety in Perlyal'aVa1ga1 proj.n ...... 

The IH !>O ve.ri.ety yielded 'Well in both »Iu:it end .... 

..... ona in Chiftaurah region (:,lftba and B1.". •• 1985). 

'1'b.. s.a-.r I!f> .... on grain yl8].Q at th e 

opti_ irriaa'tlon end r.i 1 ... .,.. (COIIlt1m.toua .'''I'pDICI. 



aDd 1 SO kg ha -1) tor both the var1eU.. ... h1&be2' 

than SWM 85, the !Dc...... being 6.2 per cat. 'lbe 

low tep.,..tun prwB1led IIIlCl low aalar ra41aUoD 

reo.1ved dur1ng reprodUcUve periOd 1n .:i,(M 85 alp.t 

have retarded the growth a. well as tU1er proaucUY1ty 

IIIld ul U_tely the l»'IP and grain yield. Morecwer toe 

total leaf area p8l"ticularly dul"iDg the nowering pbs •• 

or ric. ia a tactor g8Mrally correlated. to gra1n 

produc'Uon .. it aftecta the aIIOUftt of photo.",tbat •• 

evanable 'CO plII\1cle. It 18 known that 75 to 00 pel' 

cent of carbohydrates 1n grain are directly correlated. 

wi til p.'lot4syntbatea acCUB.J.l.ation at (lowering pba •• of 

rice (Yoshida and Ahrl, 1968 Md Yoshida, 1981). Ih. 

LAI we. low during SliM 85 cCIq)ared to Su_r "'_ 

Interaction. of irrigation with varlety and ~ a. well 

21~ 

.. var1ety 1011 th N were obeeI'Ve(! on grain yield duJ'Sng 

!;,UlllleJ' 86. At all l"e18 of N, ~ yielded h1&ber CGIIpared 

to 12 .bien in tum .... superior to severe .,1a1:Ure at" .. 

of x,. $111118.1"1y at ell levels of' 1n'1gaUon, N applied 

at 150 kg ha .. 1 performed better than the lower level of 

75 kg ha-' _4 no N applicaUOIl. Gra..SIl yield 0"-1_4 

wlth N applicatioD at 75 kg 0-1 ".. elao h1Per than 

wlth no II application. ~bbJ.eb et el. (1979), S1qb 

et ale (1983) and Pl'lhal" (1985) report e1a1lar raault •• 

!be variety III 50 perfOned better than CO '7 at all 

levela of f,. applied. 



1b. variety IR 50 perlors. well .. 4.,. all 

irrigation level. lIben N was DOt applied. 1JIben N wu 

applle4 at 75 kg be. .. 1 the perforaalCe of lR 50 waa 

better with moisture atre .. 81tuat1ons. At h1Dl leYel 

Of N application (150 kg ha-1 ) IR 50 performed better 

unde,. eevere stress .1tuatiOft. In all o1:ber .1tuat1oDe 

the yle14 In 50 vu comparable wi ttl CO '1. l'hia ft'144mtly 

abc"s the superiority of IR 50 OYer CO 37 eapec1ally lUIder 

condi tiona of IIIOlsturt! stress. 

During :maner, Sf) COfttimaoua lNbllel'lenOe recpa1re4 

1606 I!IIII of water lIIIllle .lrr1gatiOfts 40fte at one end three 

days after diseppea!'8l'lce of "'ster, Oftly 973 an4 847 I11III 

of water, respectively (l'able fin. J.'he cOl"l'e8pOll41n 

Yield for the three 1rI"1gaUon levels were 4.44. 4.20 and 

3.96 t ha .. 1• with y1o1d redUCtion under' 12 am4 I, 'being 

5.6 and 11.1 per cent. Thus '9.5 per cent of water coul4 

be saved it lrrlgaUOIUI 11ft dOne to rec"p ..... pace 

of 5 CIII one dey attar diaappaanmoe of p41D4e4 _tel' wi tb. 

gra1n y1eld redUCtion of Oftly 5.6 per CIIQ'te 

'IItwl .. tel' is a 11111ting factor it ia 4eairable 

to get beUer benetit thJ"QU&h acheduUng ift'1caUon of 

recouping .. bllerpre one day attar d1aappeannce of 

weter than oontinuOUlJ sul';lieJ'senc •• 



4.2.'. Stray yHl,4 (Table as) 

The l"eIlpGnM to N weB pOlllUve "lito the ~.t 

level tried YiLt 22S kg ha .. 1 as COq:t8red. to the Ift.ln 

yield lIh1ch tnde<l to decllae a1'ter 150 kg ha'" lwe1 

of N apy:>l1caUon. lb.ua the beaetlc1aJ. ettact of growtb 

due to N appl1caUcm is realised only in atraw yield at 

the expenae of gra1n yield. Increased atl'aW yield. due to 

e.nba."lCed N applicatiOn is reported by SbaftIa end De (1976), 

PUlal end. De (1900a) end ;;~ (1981). Straw yield. 

recorded was the highest with CQitlnuous aubme,rgence in 

bOth the season.. The r;traw yield with the variety IR 50 

was higher tben that of CO 37. 

'l'he WE llllprOVea 1111 ttl applied N. It was hlgbeat 

with the appl1cet1oft of Ii 8t 150 kg haw' 1n both the 

•• aSOll&. It w" 4.12 and 5.11 kg/m. fer SYM 135 aa4 

SUJ8el' a), re8'J)eCUvely. R1&be.t k\Ji:, was aoUced wi. 

submerging the field one day after diaappearance of j)'fInM4 

wauJ" ill SItIM 135. 

In .:>wIlDer as sa well 

llIOieture atre .. , the ettlclency being 2.79, 4.31 aI4 4.69 

k&I-. res,,..cUvel·', tor tbe tbne irripUOD 1ev1l18. 

EveIltboustl ~'UE wa_ blPs' with X, lwei of 1rrlptl_ 



T.lBLE 88, STRAW YIELD (XG HA- 1 ), SEASONW'ISE 

SED 
CD (P .. O.05) 

V, v 
2 

247tl 2339 2408 

5355 50;6 51R6 

5013 5509 5661 

6170 58~3 6032 

495" ol.Eih9 48?1 

I 

57.87 53.SO 53~OO 
'4'1.62 13;.65 131.65 

3192 2746 2969 

5415 5464 5440 
679Z 6654 6124 

5133 4955 5044 

35.78 54.82 78.69 
99.;4122.13 175.32 

S.'r,'.HO!,~Oor.'. It.jtJ) 

V, 

24')9 241 ~\ 

4'!H 4"<)') 4751 

5410 'i~~'" 'i~4() 

55 1 3 56:,1 

Ixv 

76.09 
186.18 

at 18.':. 

2942 2544 2743 

4755 4511 4633 

6113 5733 59" 
4603 4263 4433 

IxV 
77.52 

172.72 

N at I I at N 

88.75 97.g8 
195.09 200.76 

,'t,t,', 2'58 2414-

.,15 1 47f39 ~970 

')1',:'2 'iOO 5526 

"-'-'4:' "i772 580"' 

4"iA7 

'i at V Vat N 

r-\1.'J? 89.04 
1':::11:.>.10 234.35 

... an 

2762 24TI 2618 

4470 4427 «48 

5492 5484 5488 
4241 .(128 419) 

N at V 

67.66 
154.21 

V a.t N 

80.00 
207.76 

TABU 89. 'NtnR USE EnICIENCr (KG/HM), SEtSONWlSE 

S.W.K:MSOOIf, 1985 

Mo ... 

1.38 1.47 

2.72 2.68 

3.18 ,.26 
3.01 3.0B 

2.57 2.67 

g~::> 0.13 0.12 0.12 
cD (P .0.05) 0.32 0.29 N.S 

SED 
CD (P·(J.05) 

1.79 

3.07 

3.62 

2.83 

N 

0.07 
0.19 

1.53 

3.23 
3.51 

2.76 

1.66 

3.15 

3.57 
2.79 
v 

O~ 11 
0.25 

Moan Mo .. 

2 •• , 2 •• 2 2.43 

•• 38 4.56 4.47 
4.46 5.48 4.97 
4.52 4.63 4.58 

2.00 1.90 1.95 

'.71 ,.64 '.68 
'.91 4." 4.12 
3.83 3.82 3.83 

3.95 4.27 4.11 3.36 3.42 
!xv N at I I at N N at V Vat N 

0.17 0.;>0 0.;;>2 0.20 0.22 
0.42 0.45 0.49 0.45 0.55 

SUM}£R. 1986 

Mean 

2.92 2.50 2.71 

4.69 4.65 4.67 

5.59 5.53 5.56 
4.40 4 • .23 4.31 

!.xv Nat.Ila.tN 

0~20 0.24 0.27 
0.4} 0.51 0.57 

3.09 2.75 

5.17 4.52 
6.23 6.}6 

4.83 4.54 

N a'i V V at N 

0.18 0.22 
0.39 0.58 

H.S - Not s.1t9l1rlcant 

..... 
2965 2588 2776 
4680 4800 4841 

6n2 5957 60015 
4659 4448 



tt.. yield ntC1UCUon with t.h1a aCbedul.e WU 11.1 per oeat 

aa cOIIpared to cont1DuOua aubMJ'pnCe. 1lut h1&b efts.­

clancy i8 a. a reaul t of cona1derable ra4uct1on in ,..ter 

21 

Nitrogen :It II'T1gaUon interaction ... a1p1tlcat 

dur1ng Swaer 86. Applied. N 1lIIprov.a '*Vi at ell l .... 1a Of 

1rr1ptlon. 

Dry we.laht o~ weeda increased with .. anc.et .In 

N 1"815 (Table 90). The degnte of water applicatiOll bad 

an inv ..... relationship wi tb 'Weed d.!'f matWr. 

Hi8)ler aIIOUDt of weed d.!'f matter with moisture 

strese ai tuationa were due to W'Lfavourable _bture regill. 

for rice and favourable regi_ for weed.. ConUnuoua 

aubmergenc_ reduced. the weed. 1n1:.statlon conaidera'bly. 

'Ibls is 11'1 8poeeamt with the reporta or Moody (1m). 

Dry I118tter production of weeds was 1ea8er in the ca •• at 

lFi 50 probably due to its quicker •• ta'bl1ahaent 8D4 

larger canopy 11'1 the early growth period as cOIIpar.d to 

CO '7. 
lnteract10Jul of lITigation with N &1l4 variety 

were p .... _~ durl.Jl& SuiDer 86. Application of bnb tlut 

inputs .t biBb-r quanti U.. !'HUl ted. in _1'8 clI'J' ve18bt 
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of wettda. 'l'he _ed in1'eBtation ..,.. beavte .. with CO ,., at 

all lev&1.8 of irrigation than IR 50. 

4.2.6. Nutriat up_e by nee (Table. 91-. b and 0) 

4.2.6.1. Nitro,., 'lb. uptake of' N during tlowering and 

harvest stages 'Were found to increase with .m.nc_t 

in levels of N. lb. hisher uptake of N notiCed mlgbt be 

due to higher D."I}> and alao IIIIOre root gJ'OW'tb 1Ib1ch mlgbt 

have tncreaSIt(\ the a'bsorptlcm. 31m11ar resul sa are reported 

by s-rveral workera (Mani. 1919, Salam, 198IJ and '*Sd.y, 1985). 

iiater contl'OlIi the degree of ava1].al:tUity. fo .... 

!'Pte of IIIIOV8llleftt and extent of uptake of matr1ellta. The 

uptake of ~: tt'U highest with contilwous au'barpllCe and 

it was very lIlleh reduced "'en intervals bet1llem lrr1gatlona 

were increased. DraJ.n1ng and retlood1ng the soU cauaecl 

a marked decrease in t{ uptake by ric. plantae This ciec ...... 

..,aa armarantly dUe to the lower N aupply available to the 

crop as a result of den1tritieatJDa 'brought out by dra.tn1ng 

and reflooding. NO, - tOl'lled "'.H the soU 'bee... ..rated 

WU prol'Jebly 10tlt thrOugh den1 tl"ification .& well .. 

leaching .tlen th. soU was retloo4ecl. Such 4eCnuecl N 

uptake is reported by 8"era1. 'WOfta,.. (Patrtck at al., 

1967, Joah! and Sbaraa. 1900 and t;.ricksan at al., 1985). 

The decrM8. in uptake with lncre ... in atre •• could al.o 



1'.tBU: 91a. NITROGEN UPT1KE (KG RA- r), STAGEWISE AND SEA.SONWISE 

S.W.MONSooN, 1985 

l"LCMERING 

SED 
CD (P,C.OS) 

S!:D 
CD (P.O.OS) 

Hean 

50.87 58.67 54.77 
64.}} 68.8} 66.58 

78..53 BO. qO 79.72 

87 .. 53 94.4-7 91.00 

70.32 75.72 7}.02 

, .61 
}.9} 

v 
0.59 
1.45 

Hoan 

69.4, 70.7} 70.08 

82.00 60.70 81.}5 

97.77 96.40 97.08 
8}.07 82.61 82.84 

I v 
1.04 1.64 1.34-
2.90 }.GS H.5 

He ... 

6B.61: 71.77 70.20 

82. 7 0 dB.47 85.58 

9Q.l0 1C'2.17 100.53 

116.)-" 126.5') 121.65 

91.:4 g7."3 1 94.53 

1 

S!-:'J 1.0! 
,::;:, (p.o.:),' :.:. 'i~ 

52.8} 54.60 5}.72 

61.27 65.00 63.13 

67.27 77.40 72.33 

77.0 130.60 79.02 

64.70 69.40 67.05 
!xv N at 1 T at N 

0.84 1.90 1.y) 
N.S 4.47 2.9G 

SUMMER, , 985 

He"" 

6B.H 62.03 65;25 
72.40 78.5} 75.47 
82.77 91.6} 87.20 

74.55 77.40 75.98 
!xV N at I I at N 

2.31 1.66 1.08 
5.16 }.92 4.5} 

S.W.K:lNSOOM. 1985 

HUVES! 

Hoan 

62.87 66.00 64.0 

81.13 83.")3 82.27) 

q8.~3 97.13 -noS") 

108.17 1'4053 11l.VI 

87.58 gO.2) 6r'.·:11 

lxV N at 1 I !It N 

1.25 1.1"'> '. ",4 
N.S 1.0" }.Q2 

..... 
5'.8'3 56.63 '54.24 

62.80 66.92 64.86 

72.90 79.15 76.03 

82.46 87.5~ 65.01 

67.5 1 72.56 

N at V V at N 

1.90 , .39 
N.S N.S 

Hoan 

58.0} 54.6} 56.}} 

67.67 58.4} 6}.OS 
7}.57 6}.60 68.59 
66.42 58.89 62.66 

N at V V a1: M 

' • .,9 1.70 
M.S I.S 

65.7<; 68.98 67.}2 
81.92 EJ5 .90 83.91 

Q8.52 q:'l.65 gq.l' 

112.35120.68116.52 

Aq.66 93.7e 
NatVVa.t,N 

1.3"> 1.'H 
}.')9 ,.46 

Ho ... 

65.}' 62.47 6}.89 
74.02 72.56 Tl.29 
84.70 8}.M 84.29 
74.68 72.97 

-----------------------
-------------_. 

-;'U.n' L\10"'J7 80.00 

Y"J.t,~, 1)11.00 101.BO 

127. \ "i I ·~b. -;-0 n 1 • 92 

1.-':-' 1.".: 1.24 
lP.O.<J')) ~.~(_\ "').<;9 2.71 

'-
66.6,_l 7b.)·~ 71 •. n 
1-").0" 9"'). Y7 !'I').')ll 

)16.;\1 11!l.'7 117."'} 

89.64 Cjb.W' 92.M3 

lxV N at I I at S 

2.1') 1.'~ 1.% 
4.79 4.4:' 4. :?5 

v , ., 
74.90 71.20 T}.05 

tl7.17 tFl.-"O 88.23 

112.11 111.40 112.78 

91.4' cfl. '10 91.-"6 

Of .. t r V at :'l 

1.1l€> 1.60 
~. 'I,) 4. 4~ 

N.S - Not e1gJ1r1oant 

" 
n.38 76.30 74.84 

89041 96.89 93.18 

118.67 12?82 120.74 

'n.s. 9U.67 



be attributed to 4ecreued tranap.f.raUon and poadbly 

I'IIOroe on the phyaiolog1ca.l 1IIIpU1"IIIeftt ot the nutrient 

absorption an4 transport mechan1sm in the roota 

('l.:an,guUig et al., 1985). The N uptake at flowerin, 

.- higher with co '7 dUring ,; WM 85 whereas it .... non 

significant between variet1_ in ;3ullDer 86. Th. N 

uptake wi tb CO 37 wu hi&ber tb8n IR 50 dW"ing both til. 

seasona though the ll'IP was hiener wi til IR 50 at llewel'1ng 

in J ... ';'; 85, evidently the increue .in uptake was due to ita 

nutrient content. 

Interactions ot irrigation ..", th variety and N 

as well as ~ with variety were to\lftd to be pr •• ent in one 

or the other sta.!:ea in 3\41;1, 85 Or SUDIIItr 56 •• 1dOft. for 

both irrigation and !l levels, higber uptake waa notiCed 

lIIben they weN applied at their Nspectiv. hiiber leY.la. 

The variety CO 31 recorded _n'. N uptake than IR 50 e1 tbel' 

with higher levela ot irrigation or N. It could 1M 

pointed out heN th3t the water .treaa <111. to 1n'1cat1ll1 

three days after diaapp .. rance ot water OCCU",", 111 

Bu.el' S6 at a very _end tive yield detel'lllin1n« ._. 

Uk. flow.riD, bad • very detr1 .. \a1 effect Gill yW4 

(li81ao. 1982) ancl the interactiOl1 ot irrigatiOn and If 

uptake, 1011.,. develop_at and reeultiag .t ... a. 8 .. erity 

.. y ,. 110 ... closely ... lated to yielc! lou (O'1'ool. aDd 

Padilla, 1984). 



4.2.6.2. Phoaphorva' Application ot Ii inc ..... ed P 

uptake. Nitrogen at the higbest doe. recorded tbe 

highel3t uptake in both the .. aaana followed by the 

other n levels. Continuoua submergence of t1eld.e 

retrul ted in higher uptake end the lowest WIUI seen in 

caa. of irrigat1nt!; three days after diaappellrenoe of 

water. The latter mignt be due to reduction 11'1 the 

aolub1l1za.tlon of phosphates Ilftder inadequate lIIOiature 

conditions and poor growth ot root and sboo't. lruthayaraj 

( 1975 i ana. Kakede and Sonar (1963) 0 baerve tho. t P Uptake 

was higher with continuous sublaergence than with other 

irrigation level.. The variety !R 50 regJ.etered 11ft 

inerease in P uptake over CO .,., ~r1ne; SWM 8' ldle,.... 

the reverae was the caae during SUlllller e6. 

4.2.6.3. rotRMiijl1 The K UpWte was niober 'With CO 37 

than Hi 50 at .f'lowring as w<all as during h.arves~. However, 

during ';'~M 65 'the uptake at harvest '.>e'ween two varieUes 

was eolllparable. N applied at tbe h~ •• t dOSe aDd COftt1-

ftUOUIl submergence recorded the h1grutst K. I1ptake at 

flolllering ano n8l"Vest i1tasea during 3.111 S} and ;juaaer a6 

seaaClN!l. Increased j{ u.,take WIUI dUe to increased WoP 

wi tb nigher levela of Ii 8S reported by Bal8JNbl'llllllllftilft 

(1978) aM Man! (1919). PaW and \lhlld18l (1983) tiDd 

thet _:d.1Wl uptake ot K waa wi til sub:l8J'PDC. COIIIp&red 

to unsaturated COIld1 tiona. 



'!'ABLK ql b. PH0SPl!0R1iS :iPTA;..:t (KG 11,,-1), STAGE\o.'13~; AN: SF.A:;ON',.rISE 

5".:L 
:D (P.O.O,)) 

SED 
SD "hO.0'3) 

S~D 
CD (P.O.O'): 

v 
? 

7 ... 7 7.3) 7.40 

7.77 7.<;0 7.63 

8.)3 B.l") '3.23 

7.86 7.66 7.76 

0.0, 
0.12 

" 

, 
0.03 
0.07 

,io..., 

17.70 '4.80 16.25 
21.)0 16.40 18.8'5 

21.43 18.40 19.92 

22.(7 18.20 20.33 

2D.n 16.95 18.84 , 
0.02 0.02 
0.001 0.04 

S,\o.i,IVN;;0m" 14[1, 

FlI'''''~'P INti 

'" ')(\ I., ~)'J <I./;7 

'".iJ.i) -1,1< 

t)."i(' '"'i 

6.37 7.0 6.,]0 

7. 10 7.S7 7.)) 

7.4; 8.53 7.'18 

6.97 7Jl4 7.41 

IxV N at I I at N 

0.05 0.06 
0.10 0.14 

S .. W.M)NSOCfi. '9~ 

H.lRVES'r 

18.17 16.63 '7.40 

19.60 18.60 '9.10 

23.,0 22.27 22.78 

24-.10 21.37 23.73 

21.29 20.22 20,75 

IxV N at :r_ 1 at N 

S1JMMER. 1986 

v? Meon 

1'!.-:;7 19.::'3 lQ.)C 18.)7 20.1? 19.?7 

.?0.?? 19.6~ ly.q., 18,1';' 21.47 20.12 

2"' .. ~7 22.21) :::?~j3 21.40 24.">7 22.1)8 

?1.02 20.'% 20.69 19.51 '22.07 20.79 

\'1 "? Mean 

') .s" 4.4fl '5.00 

-') .d? 4.7"; 5.28 

6."),) S.ltl 5.77 

(. .~, " c. • ",~, '5. '..E' 

f. ~.~ .... -j"; 

Moon 

7.07 6.53 6.80 

7.37 7.07 7.22 

8.208.1,8.18 

7.')4 7.26 7 .. 040 

NatVVatN 

0.06 0.05 
0.14 0.09 

Moan 
110&0 

19.73 15.72 16.83 

20.45 '7.50 1B.98 

22."57 20.33 21.35 

23.28 20.78 22.0) 

2: .1..'1 18.58 

~ at V V at N 

0.0', 0.04 
0.11 O.C? 

., Moon 

19.21 18.n 18.98 

20.17 19.07 19.62 

22.)7 21.70 22.03 

20.59 i9.83 20.21 

V 1):1;' N at I I at N N at V V at N 

D.Og D.1) 0.09 0.12 0.08 
0.21 0 • .,2 0.20 N.S N.S 

9?:D 0,1. 0.07 0.05 
CD (P.O.05) 0,-"0 0,"1,) 0.12 

')')') 

"'an 
6.97 7.10 1.0'5 

'!.14 7.38 7.,9 

7.99 8.28 8.13 

7 • .46 1.59 

Mean 

18.99 19.38 19. 18 

19.72 22.06 19.u9 

22.41 22.82 22.62 

20.37 20 .. 75 

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



'J" 

'U.BLB: 91e. POTASSTIJM UPTAKE (KG HA- 1 ), STAGEWISE A"l'D SEAS'1t{\4ISE 

FLOW'!.:RING 

3 . \.: . ~fON :300';. , 98') ----------------
Il 12 

______________ v~1 ____ ~V2~ ___ Me_an ______ v, V2 

SED 
CD (PoO.05) 

SED 
CD (P.O.OS) 

55.50 55.90 55.70 

65.33 71.40 68.37 

89.00 91.00 90.00 

92.50 96.', 94.32 

75.58 78.61 77.10 

V 

1.39 0.98 0.98 
3.41 2.-j9 2.,9 

77.97 82.47 80.22 

90.91 93.27 92.12 
113.00 111.50112.;>'; 

93.98 95.74 94.86 
If 

0.84 
2.33 

I 

'.22 
2.13 

V 

1.00 
2.23 

Mo .. n 

)"'.1--: 5').77 56.47 

64.47 7&.(,'5 67.55 

78.)7 84.47 81.42 

8).67 9-'1."4 88.70 

[(I.'V 76.~) 73.53 

!xv Nat':: 1 at N 

1.38 1.11 1.56 
N.:> 3.98 3.48 

SUMMER, 1986 

71.40 70.)3 71.07 

81.41 93.41 90.71 
102.27 109.97106.12 

87.04 91.56 89.33 

lxv 

1.73 
N.S 

N at I r at N 

1.62 1.85 
3.69 3.98 

HARVEST 

B.II._SOON, 1985 

56.33 55.83 56.08 

6'.90 1 1.02 61.96 
"3.68 81.73 85.11 

'8 94.93 91.51 
-;>'; 77.38 

;<;atVVatlf 

1.-:1 1.56 
3.9B 3.~6 

Moan 

64.70 72.03 68.37 71.36 75.08 73.22 

18.93 76.83 77.88 85.79 88.02 86.91 

89.93 97.00 93.47 10loT} 106.16 10,.95 

77.86 81.96 79.91 86.29 69,75 
N at V V at frl 

1.29 1.51 
N.S N.S 

Moan 

68.93 70.47 69.70 63.23 65.97 64.60 66.08 68.21 67.15 

79.23 82.07 80.65 71.47 79.73 75.60 

97.70 96.97 97.33 97.77 96.27 97.C2 

114.77 113.00113.88 112.23111.43"1.83 

90.16 90.63 90.39 86.18 88.)5 87.26 

75.35 80.90 78.1} 

97.73 96.62 97.18 
113.50112.22112.85 

88.17 89.49 

v !XV N at I I at N N at V Vat N 

SED 0.49 1.09 1.09 1.54 1.06 1.61 1.08 1.61 
N.S N.S N.S 2.36 6.18 CD (p.O.Oj) 1.21 2.67 N.S 

SED 
CD (P.O. OJ) 

"'an 

96.27107.20101.73 

100~63 117.57 109.10 

119.Tl n1.40 125.57 

105 .. 54 118.72 '12.13 

? ')7 1.85 
~:o., 4.13 

SUMMER, 1986 

83.93 94.00 fl8.97 

99.07 98.40 98. n 
112.07113.57112. 82 

g8"~6 101.99 100.17 

lxV N at I I at N 

3.21 1.93 2.66 
1.75 ti.S N.S 

Moan 

93.17 92.83 93.00 

96.60 97.87 97.23 
110.97 111.20 111.08 

100.24 100.63 100.44 
NatVVatN 

1.66 2.17 
r; ,S N.S 

Moe.n 

91.12 98.01 94.51 

98.77 104.61 101.69 

114.26 118.72 116.4~ 

---------------------
N.S - Not signifioant 



4. a. 7. ReM." to N .4 pare-ten reel"" 0t 'Pall" N 

4.2.7.1. [(liP." to H (Table 92) 

The naponse waa not 1ncreued 8Ilbet8nUally 

beyond 75-150 q N ha-'. PUrther incre .... in N n8\llted 

in a decrease in grain production per kg ot applied N. 

:31mll.ar decre ••• in response at higher levels ot N is 

reported by P1111d and De (1900b). 

Submerging the field three days aner 41sappMl"Clc. 

of ponded water <:t,> resu.lted in very lOW r •• porus. to III in 

SWIller 86. Ihu wall due to the fact tbIlt it alISO recorded 

lowest N uptake and gre1n ylela.. The variety CO '7 

regiztered more Naponee to applied. i" than lIt 50 in bOth 

the seuorul. 

rJott~ on interaction ettect between irr1gauon and If 

reveal that 7'5 kg Ii ha-1 with either of iJT1gation 1 ... 111 

(continuous subJlergence or irrigating one clay .fiet' 

diaappearance of water) produCed the higbe.t grain yiald 

per kg applied N. J:'hia beneficial effect waa not pronounced 

at higher levels of !" "'!tIl regard to the interaction ot 

variety with irrigation or Ii obael"Yed during w-er 86 it 

was 1il88n that CO }7 waa having ~ naponu to applied III 

then II{ 50 wi tb e1; .\er of the 1rr1gaUon lenl. 01' R 



TABLE 92. RESPONSE TO APPLIED fl. ::;r:;ASO'J'''; lSE 

S·''';.l-()r:300:; • 1\)85 

I, I? ""an 
V, V

2 ~-\ean v, V'2 ~'ean V V
2 ""an -------- 1 

", 30.77 30.09 10.·13 ')0.1111 "Vi.l)' -,.,0.2) ")0.61 )D.Oj 30.33 
"2 20.0-) 19.56 , 9.85 19. rf) 1 <1. 7,) 1 g.tJ2 19.94 19.7) 19.B} 
N3 12.13 11.56 11.135 1 ?Oq 11.55 11.82 12.11 11.56 11.8) 
Mean 20.98 20.44 20.71 20.7': 20.15 20.62 20.89 20.45 

11 I ~7 " t I I at '; " R.t V V At "l 
SED 0.22 0.39 ~).46 ~). 6() 0,4.6 0.60 CD(P.O.05 ) 0.62 0.96 1.06 1.Vj 1.06 2.06 

--------------------
S{r.~R. , 986 

1, 12 13 Moon 
V, V

2 ""an V, V 2 ""an V, V2 Moan V, V2 
....... 

N, 24.92 31.15 28.04 23.56 27.07 25.32 17.53 19.31 18.42 22.00 25.S. 23.92 
W2 '7.05 20.14 18.60 17.20 19.71 18.46 18.11 18.71 18.41 17.45 19.52 18.49 
Moan 20.99 25.65 23.32 20.38 23.39 21 .89 17.82 19.01 18.42 19.73 22.68 

N v 'LxV N at I I at N" N at V V at N' 

SED 0.14 0.22 0.18 0.3
' 

0.20 0.25 0.17 0.21 
CD(P.0.05 ) 0.60 0.50 0.40 0.70 0.64 0.56 0.62 0.67 

N.S - Not eignifioant 

UBLl! 93. DSPONSE EQUATIONS OJ' RICE TO N UIlDER DIFPERENT WATER HlJiJ.GEIIKlfT PRl.CTIOIIS, SlIJ.SatWlBl 

S.W.!OISOOII, 1985 

a. lR 50 
(V

1 
) 

&. IR 50 
(V , ) 

11 ContJ.nuoua suo.argena. Y • 23.932 + 0.37679 X - 0.001148);2 

12 ~~m;~:~n~~e or~~;;er Y • 23.538 0.3721 X - 0.0011 29 X2 

1, Continuous submergenoe Y • 22.223 0.3737 X - 0.001157 X2 

12 ~~::;:~~~e o~a~~;;er Y • 21.444 + 0.3755 X - 0.001164 X
2 

su MMER, 1 986 

Y • 28.05 • 0.3279 X - 0.001049 x2 
I, Continuous ffilbmergence 

12 ~:=~~:;~~:eo~a:a~!;er Y :> 26.,61 + 0.299") X _ 0.000848 X
2 

:r, Submerging th1-ee days after .. 20.>:::0 + 0.3071 X _ 0.0008 X2 
disappearance of ...ater y- .) 

Y • 21.922 

r • Grain yield (q Ita -1 ) 

X _ NltrogEon (kg ha -1) 

'10_0.10 o,U. 
40H (II:, b& -f) 

151.0 

142.0 

158.7 

160.1 



lb. und.rlying l"elationall1p betve_ the cniI2 

yield and response end the do .. of N we. .tucl1ed wi til 

the help of a aeclll'ld. degree polynolll1.el. The actual 

reapana. to added N at 1nc ...... ntal do •• s of N application 

was worked Q1t 'Vld pr .. ented in 'l'able 9". Uad.r the 

assumption that the reaponae cuJ'Ye 1.B 8 second delJ'Ml 

parabola, Y • bx + c"?-, the optillaa dose of N application 

tor each irrigation level and variety waa worked out 

eeascnwi.e and the response equationa and the optiaaal 

doseo are pre.ented in l'able 9}. 

The econolll1c opt1mwl dose of N wall IItOre or le. 

similar tor the .... variety under the two 1rrlpu.on 

levels in ,;WM 85. !'or II' 50 with continuou. al~ 

and submerging on. day after di.appeareftce ot WI'ter the 

economic optilllWll dO ... of 1>l (kg ~ .. 1) were 151.0 aDd 

151.5 Wiereas tor CO 31 they were 148.5 and 146.4, 

:respectively. 

DIlring SWlmer tl6 •• uon the econolllc optlilwl do •• 

of N (kg he .. 1 ) under contiftuoua au_erPflOe was lowr tor 

'bOth the vari.ti" then obaeJ'Yed during SWM 85. But with 

l.as frequ.eat iIT1gat1ons a b1&ber dose wall required to 

obtain the ecODOII1.... opUIUI value.. For IR 50 tile 

economic opU .. dO ... of M UIIder coatiftVO<l8 1IUbIIer,.aoe. 

and iIT!gating one and three d8111 after cUaappeaJ'8ftOe ot 



water 1Iftlre 142.0, 158.7 and 171.7 kg he-1 , respectively. 

For the variety CO '7 the doaes were 133.4, 160.1 and 

173.2 kg he-1, respectively. lb. high econolllc opUaul 

do •• noticed dUring SUIIIIl'Ier 86 may be due to _~ lI1n ..... 

lisation and uptake taking place in thia leuan. 

A coll9ar1ean 'betwean seaaon.s J.nd.1caw that the 

J'88?t'Inb.. of rice to N WIle hish in the !..lw.ael" 85. At the 

Hlrly stage ot plant growth, higtl tempereture, low 8UIUIh1ne 

hours per ~ay and !'!lOre cloudy day ex1at during ;;'11."1 65, 

't4'l.ereaa during Juaaer a6 IOlIet1aea the ~el"ll'tUre is alao 

wide. Al temating temperatuN between 3o.20·C baa been 

reported to aceulUl.ate Il10 ... prowin N in the rice plant 

than at 3Q..1S·C (lakau_ at a1., 1961). lbua appllcaticm 

of I' dUring dUllllller B6 aea.acm «ftbanCes more rapidly 1:M 

growth of the plant and thereby the reaponae to applied 

;, 1. increaaed. 

4.2..7.2. J.'trelfttta neon" or appUed r! (Table 94) 

lb. percentage recovery ot applied H waa tauDd to 

be not affeoted by levels ot ;, in both the •• aeons. However, 

tf applied at 15 or 150 kg ha-' recorded the bi&best t; 

recovery. Continuous subllerpnce ... aul tect 1li 16.0 8ftCl 

29.7 per cct IIOre teC9gery than irr'1gatUg at ODe 01" 

three days atter d1Aappearar:lCe Of _t.r cNring ~ 86. 
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The low recovery noticed 1ft the •• treataa.,:t. _1' be dUe 

to poor root growth as e result of frequent soU drying 

cycle. ~10banltu1nar and Singh (19at.) report IN<Ib rec:I'Ilctlon 

due to soU drying. 'ihe interactions of fl 1111:b 1I'r1gation 

or variety was preaent during :.l'lr'M 65. Application of 

75 kG ~; ha-' with either of the irrigation levels produced 

oOl!lparatively more percentage recovery of IlPpl1ttd N. The 

variety CO '7 recorded more neovery wi th the application 

of N than that ot II{ 50. 

4.2.8.1. \.Ira's "tum. zact r,wm Md belas QQ" ratip 

(Table 95) 

;.,ubatantial incre ... in gross "tum ..... noticed. dUe 

to :: application upto 150 kg l'Ia-' beyOnd 1III1io.'\ • dlilCline 

was seen during ,;,):1.'\ 85. Conttnuoua sub_rgence reaulted in 

hl/tler gron return due to higb.e!' grain yield. 'lb. variety 

11'i 50 had hlgher grou ratum in both the "euona COllpared 

to CO 37. 

Net retum alao inCreaae4 dUe to Ii application 

upto a level ot "0 kg ba-' Idter lIIhich • raducUon 

occurred. flet retum was higbeat with 12 1III1.re.tn 11'1'1-

gaUon waa given one day Idter disappearance ot ponc1ed 

water. 1bla was due to comparatively biBb-r &n1n 71810 

wi th 1... 8IIIOI81t of water required. in thla tha __ t. 



T .. W. 95. OR0!9 RE1'UliN (RS HA.-'), SF.AS~',Ilg[ 

, .. 
CJ)(p .. O.()j} 

'0 

" " "'_ ... 
CD(P-O.~) 

'0 
" 
" " ""_ 

~ ...... It:ltfSOON. 1 q~ 

, , 
N at I I a t ~ 

60.66 55.72 55.12 7~' 0;' 
148.1(5 Q5.85 nS.9) 19;>.'} 

'V79 4~O 4665 H!' 

11216 816.2 8189 76'6 

9456 93&8 9412 90';9 

7564 7260 7412 71'>6 

]I: I " !XV 

~4.09 22.5~ 16.45 }1.9'} 
&6.87 50.}4 41.09 71.19 

4011 .,72 

7'>71 ~04 

8Q4} 9001 

6782 6959 
If.t II.tll 

40.~ }9.96 
94.97 65.18 

IBT RlTU1lII8 (RB SA. -1 ). SI..lSOJroIIS! 

·'5' ·698 ""')26 
'244 noe ?976 

'895 J50J }699 

'176 2726 2951 

2491 2060 ~27'5 

B.W.l'OI'IS()(If, 1965 

" " 
147 -87 ,0 

'511 }19'5 "5' 
4152 4085 4119 

";" "46 .",0 
2831 2'585 2708 

4}94 '948 

720 &4.14 

8127 ~ 

6700 6}24 
Nat., ., at • 

.".52,2.6, 
61.86 66.M 

" " 
-10, -}9, -248 

,,78 2'J';i2 '16'5 
(024 '194 ,'}O<J 
5'45 29'56 3141 
2661 2)2., 

ll:V 11 .t I I at" 11 a," ., at _ 

g~7-o.05) ~!:~ J1:~ 2~:n ~g:~~ ~~::~ ~~I:~: ~~t~ ~:~ 

'0 

" " 

'0 
" 

2 

" .. ~ 

" " .... 
61. -169 2~ 

,521 "57 ,539 
0(4.16 "}5.5 «17 

2671 2581 2726 , , , 
ZO." 20.41 '6.67 
55.87 45.48 37.1, 

986 }OS 647 "ffl5 ", "e 
'565 "24 ".5 .,'507 2478 289) 
.66, 45« 4604 «57 .068 «" 
.,071 2725 2898 2950 2'392 2621 

hV If at 1 I at If II at " ., at If 

28.87 42.26 42.40 ,.,.10 }4.62 
64 . .,1 94.77 8Q.64 77.49 7'>.8'5 

BbnIT COST KUla. SUSQM',(lSJ 

8.W./oUf9001f. '985 

I, 

", "2 

0.9? 0.84 (J.BS 1,04 1.01 0.98 0,91 O.~ 

1.70 1.57 1.64 1.1J5 1.79 1.82 1.18 1.68 I.;' 

1.77 1.69 l.n 1.90 1.94 1.92 '.1l.4 1.82 '.~ 
1.59 1.'it 1.55 1.66 1.6<1 '.fi6 1.56 1.62 

1.50 1 • .(0 1.45 ,.r" '.59 1.61 1.'17 

II lxl' • a1. I I a, If 

5tD 0.02 0.02 ..... 02 0.02 0.0, O.CJ'!. O.O) o.~ 
CD(P"O.~} 0.05 0.0.. 0.04 0.06 0.07 0.07 0.07 0.06 

.,,. 
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7169 
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,m 
.. 70 

" " .... 
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" 
" 

1.'4 0.96 1.05 !.:?6 1,00 1.1" l.n 1.09 1.16 1.11 r.o. l.n 
1."'" 1.n 1.76 1.82 1.tI'; 1.~ '.6~ 1,82 1.74 ',7e 

1.90 1.87 1.89 '.91 2.0, '.1~ ~.Q~ 2.~ 2.04 l.<r.' 1.9(1 '." 

1.60 1.')''1 1.0;7 '.~ 1.6-4 1.ti') 1,10 1.64 I.&; 1.59 

I 
,).m 0.0;> n.lll 
O.l)~ U.04 0.0;> o.~ 

3ltD 0.01 'J.D! 0.01 
C[}(P-O.~) 0.01 0.0;> 0.0;> 



The variety IR 50 ncol'de4 higher _t retum tban .;;0 '7 

in both the •• asons. Beneti t cost ratio... also 

influel!Ced dUe to t: and irrigation treatmenta. A. uaUar 

tNftd as thet of net retum was found with respect to 

bene! 1 t cos t r@tic in both the a ... ana. 

Crops rei.ad during ;>U8Hr 86 .... an bad Il10" g1'Oa8 

and net returns and benefit coat rat.iD cOlipared to ';W,,! 85 

and this wae due t.o the higher grain and atraw yield 

recorded in spite of hIgher water conlNllle4 during the 

~cmmer 86 ae8son. 

!be net retum per rupee invested on we tel' decreased 

with higher levels of irrigation. ;:iubII'Ierging one or three 

dt!.ys after disappearance of ponded. water recl)rde4 an inc"ue 

in return of Ka.1 .18 and 1.38 during ;;, W;.; 85 IilDd suaaer 06 

season, re.pectivdy. over cantinuoua aubaerg.ace. Appl ..... 

cation of N at 150 kg ba-1 lIlao rellQ.1ted in h1eher retum 

per rupee inve.ted on water in both the aeaaotUl. lll. data 

alao revealed that there wre interactions of N with 

Irrigation and varieties in both the sauan •• 

In the cue "1: net retum per nApee inveated on K 

also. ailll11ar trend Wall noticed with .... 1>"t to 1J'J'lptlan. 

Submerging on. day attar dlaappeaJ'llftC4t of poncled .. ter 



: J:~ 
TARLlI 96. RETIJRN PER RUPEE ON WATER, SEASONWISE: 

S.W.MONSOON. , 985 

I, I2 "'an V, V
2 Mean v, V2 Mean V, V 2 .... an 

NO 0.77 0.56 0.67 '.15 0.90 , .03 0.96 0.13 0.85 
N, 3.1f 2.65 2.00 4.34 4. ,3 4.. 34 ,.13 3.49 3.61 If" '·43 ,.17 3. ,0 4.49 5.40 4.95 ,.96 4.29 4.12 
N, 2.96 2._71 2.84 "'5 4.08 4..12 3.56 3.40 3.48 
""an 2.57 2.27 2.42 )." 3.68 3.60 3.05 2.98 

If V Ixv N at 1 I at N N at V V at R 
S:!:D J.m 0.09 0.09 0.12 0.17 0.21 0.17 0.21 CD (PoO.05) 0.17 0.21 N.S 0.;0 0.38 0.46 0.38 0.52 

SUMMER, '986 

I, I2 I, Moan v, V
2 Moan V, V2 Moan " V2 Moan V, '2 Mo ... 

NO 1.36 0.90 , .13 2.0, 1.,2 1.67 1.9' 1.38 , ,65 '.76 '.20 ',46 
If, ,.19 3.34 3.27 4.63 4.47 4.55 4.90 3.92 4.4' 4.24 3.9' 4.08 
1f2 3.88 3.74 3.81 5.80 5.67 5.74 6.27 6.35 6.3' 5.32 5.25 5.29 
Moan 2.8' 2.66 2.74 4.'5 3.82 3.99 4.36 3.88 4.'2 3.77 3.45 

N I V IxV N at I I at N N 8\ V V at " 
SED 0.10 0.14 0." 0.19 0.23 0.25 0.18 0.20 
CD (PaO.OS) 0.27 0.3

' 
0.25 0.43 0.51 0.53 0.40 0.52 

RETUllN PER RUPSlI: ON If. SE.l.SOIIWIBK 

S.W.I«l!JSOCiIf, '985 

I, 12 Moan 
V, v

2 Moan V, '2 Mo ... " '2 Moan 

1f, 10.60 9.0' 9.81 ".39 10.45 10.92 ".00 9.73 10.37 

1f2 6.77 6.19 6.48 7.15 7.05 7.10 6.96 6.62 6.79 If, 4.14 ;.69 3.92 4.47 4.11 4.29 4. ;1 3.90 4.11 

Mean 7.17 6.30 6.13 7.67 7.20 7.44 7.42 6.73 

v Ixv N at ! I at N N at V V at 8 

SED 0.16 0.18 0.18 0.26 0.28 0.32 0.28 0.;2 
CD (p oO.05) 0.45 0.44 0.44 0.63 0.66 0.7' 0.66 0.85 

SUMMER. 1986 

1, I2 I3 Mo ... 

'1 "2 Mo ... v, V
2 

Moan " '2 Moan V, V
2 

Mo..., 

11.47 11.54 10.83 11.19 10.78 8. ;; 9.56 11.25 10.23 10.7 ", 11.42 11.52 
7.13 7.82 7.60 7.47 7.54 7.7' 7.55 7.6 

"2 7.63 7.45 7.54 7.9' 
9.5 1 9.13 9.28 9.51 9.19 7.90 8.55 9.48 8.89 

Moan 9.53 9.49 

N v Ixv N at I I at " H at V V a'\ • 

0.08 0.06 0.11 0.09 0.10 0.07 0.08 
SED 0.04 0.27 
CD (poO.O,) 0.1 B 0.17 0.14 0.24 0.24 0.23 0.2' 

N.S - Not slgnlfioant 



I"eaul tee! 111 h1g.ber net :retum per RIP" mv.ated on 

N in both the seasons. A re<lu.ction m Mt "tum per 

RlPee invested on N was obae"ed with inc ...... tn 

level of N bel'ODd 15 kg ba-1• 

ii.etum per rup4Ie invested on _tel' and N was high 

during ~UllIIler 86 then ill -;!>iM 85. 1hus during Su.aer 

tor profiteb1e uae of water, hi8l1er d08e of N abfNld b4t 

be suggested tIlat I!I hi§ler application of N need be dOlM 

for profitable USe of water when the availabUity of wa'tel' 

is not so abundan~ 

£he exper1amt CCll\d\1cted during ::;WJIII 1985 .. 

repeated with the same irrigation and N t .... taent. with • 

change of varieties aecollDOdllting med1U111 duration rice 

cul. turea Ift 20 and CO 44. 

4.2.9. SkOwtb M,Qt91jcn 

4.2.9.1. 1:1Am, 9f plppt (Table 97) 

An incre ... in plant height due to N IlPP110aUon 

WIllI notioed in all stages. 'lb. plant height Jac,....ed 

with the ag_ of thE crop. Irrigation innueaced the Plant 

he1gtlt durlllg t1.ower1ng and hlU'9'est stages. CoaUalou. 



TABLll 97. 

SED 

CD(P.O.05 ) 

SED 
CD (P-O.05) 

SgD • 

OD (P.O.05) 

HEIGfIT OF PLANT (CM). STAGE \lISE (N.E. '-1ONSOON. 1985) 

46.81 44.62 45.72 

57.49 58.11 5cl.O, 

60. " 61.,1 60.72 

63.06 65.93 64.90 

56099 57.49 57.24 

N 

0.30 

0.95 

V, 

57.33 

62.4' 

68.21 

10.43 

V, 

1, 

1, 

O. '4 

N.S 

56.29 

61.74 

66.21 

13.56 

v 

0.30 

N.S 

Me .... 

56.81 

62.08 

61.81 

11.99 

v 

0:29 0.29 
0.10 N.S 

60.34 59.81 60.08 

13.02 68.35 70.19 

15.58 cI4.83 15.20 

81.92 80.91 81 .42 

72.46 10.98 71.72 

N 

0.25 
0.61 

V 

0.25 
0.61 

45.45 H.35 H.90 

55.15 54.99 55.07 

60.71 59.03 59. ~7 

68.53 6,.1, 65.84 

57.46 55.38 56.42 

!XV 

0.48 

1.18 

N at I I at. N 

YLOWERIlIG 

V, 

55.94 

63.27 

67.06 

10.69 

Ix .. 

0.,1 
II.S 

V, 

54.90 

63.S! 

65.21 

69.38 

55.42 

63.54 

66.11 

70.04 

II a"\ I I .. , 11 

0.86 
1.98 

0.10 

1.52 

He ... 

59.11 63.58 61.35 

13.25 67.12 70.19 

76.18 10.64 13.41 

81 .18 76.16 78.91 

72.43 69.53 70.98 

!XV 

0.35 
0.87 

N at I 1 a'\ Jf 

0.9} 

2.21 

0.58 
1.25 

He .. 

.6.13 44.49 45." 

56.57 56.55 56.56 

60.'2 60.11 60.)0 

65.80 65.54 65.17 

57.2, 56.44 

N at V V at Ji 

0.58 

N.S 

"" ... ", 

0.6' 

N.S 

56.64 55.60 

62.84 62.18 

61.64 65.14 

10.56 71.41 

64.42 6,. go 

X .. , T T .. "\, 

0;86 0;70 
X.S 11.8 

HoBll 

V, 

56.12 

62.81 

66.69 

71.02 

Ho .... 

59.13 61.10 60.71 

72.63 67.74 10.19 

15.88 12.74 14.3' 

81.55 78.84 eo." 
72.45 70.25 

.. at V V at • 

0.93 

2.21 

0.56 
0.68 



aubliel'geftce proved benef1cial in increuing the plant 

hei8ht. lhe variety IR 20 wa. taller than CO 44 et 

th(i time of hane_t. Interactlona .. ng 1r:r!&atlon, 

variety and N wen no ticed during <lfte stage or other. 

The variety IR 20 produced plants with IIOre he1pt at all 

levels of irrigation and N levels than CO 44. Plant 

height was found to increase with increa" in the level. 

ot inputs like water and N. The augmentative eftect of 

water and N on plant height was well este"U.ahe4. 

4.2.9.2. Number ot ti11.rs ptr h11} {!a~e g6) 

lh. tiller prc;duction was 1n!luance4 by l'I appli­

cation and variety dUring 40 DAT and tlowe:rlnS stege 

IIftd it \tIas aill1lar in casl ot 1rI"1ptlon level.. 'lbe 

t111er production was more with 1ftc:re .. e 1ft application 

of N, but at 225 kg tl ha-1 the tlllers were f .... r tban 

.. 1 at 150 kg ha • The variety CO 44 produced more tlUel'8 

than Ii' 20. 

Interactions of irrigation w1 ttl variety and K 

were present during 40 OAT and tlowe:r1ng steges, respec­

tively. co 44 at contJ.nucNs au.l:a.:rgence _d N app1icat1oll 

produced IIIOre tillers than Iii 20 wi til till!! .... il'l'1ptlO8 

or N level. 
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4.2.9.3. Lee, an. 1pdU (LAI) (Table 99) 

Application of N and w.ter favourably 1I1tluebCed 

LAI at 40 DAT and tlowering stag... A ilftear lftcre ... 

in LA! w1 th N fertUlzetion was noticed. ~t.1nuowI 

submergence recOrded greater LAI than 11'2'1gat1l11 on. 

day a.t't4Ir disappearance of ponded vetere lbe variety 

I;i 20 had higher LAI then CC 44 e1 thel' indivIdUally Or 

in colllbination wi ttl inpUts like water ara4 N. 

If we lsnol'e the veri. tal dJ.fterenee. the LA! 

p1"O<luCed at 40 ;l>S was IIDre than e1 ther durtng SwM S5 

or ,;UlllDer as seasons. Later at tlowerln& atage • re$lo­

tion in LA! during !,El<; 85 compared to th... aeaaona was 

noticed. 

4.2.9.4. MenD" root lsmgth (Xable 100) 

Root length was affected only by the application 

ot N. A slIght increa.' in root length vae notiCN at 

nowering stage compared to 4,,, OAT. HoWYer, there vee 

no appreciable Chang. in root length with N applied at 

225 Iq; ba-1 betweell the •• two etage •• 

4.2.9.5. BiOt drY .. Imt (Table 100) 

Dry weIgtlt ",r root increased with N eppllcaUOn 8JI4 

l:rr1ptiOft in.la. Recouping' CIII _'-1'1 .. 1 one day 

after disappearance of 'Ponded wet ... (Ia) ... toun4 to HOGN 
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IIIOre !'Oot dry weight ttlan CCIl'ltinuoua eu .. rgance. The 

favourable 1Ilfiuence of so11 drying on root we1jJbt wu 

discussed already. 

The variety CO 44 produced !'lOre root dry weJ.&bt 

than IR 20 either a1llgly or in cOIIIb.1nation wi tll water 

durine the flowering stage. 

4.2.9.6. pry matter proc!Uctism ('bble 101) 

;,:,ry matter production incn .. ed COIla.qulllt on N 

appUcation IlI'ld irrigat1on. Nitrogen applied at 225 kg 

ha-1 and continuous submergence prodUced 'the highest dry 

matter. The variety Ii{ 20 recorded more DMP dUring 

flowering stage. 

A coq,ar1son of D1',p by NKM es cl'Ops with S,:14 85 

') , 11 
~ '1 ,! 

ond ;_;urumer .$ 1adicate that even though the varietie. used 

in this aeuon Wl!re ot medium duration, a higher LAI 

obeerved during 40 (JAT in r·lii1': 85 might have decre .. ed the 

l1~t transa1aa1on resulting 1n reodI.ICed net pbotosJfttbetic 

rate be~1j IlI'l opt1lllal LAI. The ahaded lower leaves dra1D 

photosynthetic producta from the pbotoaJfttbea1alng ol"llNl 

(Navasero and Tanak., 1966). 1b18 condition .... f\lrtber 

aggravated t\W"1ng rlEl'l 85 where only reduced li&bt 1. 

llYaUabl.. siJlUar repOM.a of redUCed DfoIP during liItJIl 

trom llyderabad 1a AnUable (Vankate.warha .11 ..... 1m). 

It could alllO be noticed during n ... r.l.ftg ata,p that ."at 
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N applied to the highest level could not pro4UOe 

oOlllparable (not statistically) I»4P of SWM 85 probebly 

beceuae ot low temperature prevailing during th1a a_e 

of crop growth. 

4.2.10. Yield god I1cld ,ttribMtc' 

4.2.10.1. rwc.l" ptr m2. (Table 102) 

Nitrogen alan. influenced this ch4racter consi­

derably. Its interaction with irrigation and varieties 

were also present. A pl'OgJ'ep1ve incre .. e in panic.l .. 

nul1Iber with !J cOUld be Been upto 150 kg ba-' ".,.4 .. 1Ch 

a drastic reduction occurred. u .. of higher q\lIIftU U.s of 

N with more irrigation water or wi til any or the varieties 

resul ted in production ot IIIOre paDicles. Favourable 

innuence of N application on panicle pl'OdUcUOD ",.. 

diaeua8ed already. 

4.?10.2. I.-gtll ot ponlc;l.e (Table 102) 

Length ot panicle increased \lith the applicaUon cd 

graded level. of N. However. the succe8s!,," inorease was 

at a decreasing rate. The interaction. of N with il'l'lp.tion 

and varieties were also seen to occur. la .. eral 1!PPl1o .. 

t10n of more N wi ttl ;emtinUOus submergenoe reaul ted 1n 

peicle. with IIIOre leftgth. 
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4.2.10.3. W,ight .f p'ptd, (Table 102) 

Heavier p8fticl.. ..... produced wi th ino ... ase in N 

application. Collbine<1 effects of Ii with irrigation and 

varieties were pre.ent. A trend s1lIIUar to panicl. length 

was seen. A pneral COllparl.on of ",.lgbt of pen1cle. 

produced by NF:.'1 65 and :>\lllller at) season 1I1d1cate that 

panicle. with lesser weight was noticed during the tonier 

.eason. 

Avail.bUlty of hlgh solar energy is .saential for 

increase in photcsynthes1a. 'lbe starch which accwa&late. 

1l'l tho grain comes from two source. ie •• that accuaalated 

1n the straw before heading and that fl'OII products a.1a1lated 

a.t'ter tlowl'1ng. ,:ith low N the tormer provide. as aach as 

40 per c.nt of the total starch 1n the grain but at a hlgh 

N level. it provides les. theft 10 per cent (IbN,... .t al., 
195'). Thla • ...,. to have an lIIportant be.r11'lg em the 

translocation of aaall111latory pl"Oducta tro. the straw to 

panicle. Under high N ccnd1 tiona plants have to dtlJ*Ul Oft 

photosynthesis atter flowering tor carbOhydrate ~t .. 

In Nt:;of 85 a.dOn sufficient solar energy ta DOt available 

tor llI8ft.ltacturing more Of ita own phoUayntheaS.. leadlllg to 

produCtion of panlc:J ea with le .. ve1gbt oollparec1 to 

SuBiltI' B6 aeaeon. 



'lbouaand grain weight was favourably influenced by 

~j application. 1\ test wei3'1t ot 20.2 g waa Bem __ N 

we& appli.d at 225 kg ha-1 , the inc,.. ... biting 10 per cent 

OVer control. lb. variety CO 44 prodUced heavier grains 

than that ot Dl 20. 

4. :::'.10. 5. Number ot a11.d mdN per PWcl.' fAA ptn;IQHU 

ot a1ilrllity (Tabl. 102) 

Application of N dgn1t1canUy 1l'lfluenced tbt 

ftWI'Iber ot tUled eraJ.na per pllfticle and perc_tace of 

sterility. tlltrogen applied at 225 kg ha-1 produced 

panicles with 1ft average of 71 tllled gra1n.a ctcb ..... 

18 per cent more than control. s1lll1larly application of 

higher dose of to reduced the percentage ot lSt.er1l1ty 

considerably. 'lbe variety IF- 20 recorded lover perc_tage 

of sterUity than ;;0 44. F'avOW'able influence ot N in 

1ncreaaing the plant photosynthesis end ita translocation 

to the lIiDk is well established. 

It 1& lIlterest1ng to note that the sterility 18 

greater wi ttl ;:0 44 as collt>aNd to Ih 20. HOwe!¥'er, at 

the highest level at N application the sterUity 

percentage was 111)" or IIJSS s1l1l1lar. co 44 baa pOOl' 

... rt.1on ot p8ll1cles. Probably at ~.r level of • 



application the pantcle exssrtion 1a coaplete resulting 

in low percefttage Of aterUity. At '75 and 150 kg ha-1 of 

N ap-pl1cation under contlauou. submergence the sterility 

percentage witl'i :::0 44 1a higher whereas uader 12 regime 

under all the Ii applied leYels the flterUity perctll'ltage 

Is comparable betwMn two varieties. Ih. low solar 

radiation end low telq)erature increased aterUity. 1h1a 

was more so with CO 44 then with IR 20. 

'L'hough the varieties u8ed dUl"1ng ;q"M 85 s.a8CIft were 

medium in dUration and. occupied more days in the field, th.y 

had It high percentage of sterUi ty coq,ared to SWM 65 Or 

..>unDer e6 5MBon at any In81 oL N .fertilization. lbis 

cOUld be 88Crit..d to seuonal eUect on this onaracter. 

vta and Yuada (1965) are of the opinion that aterility 

is always hll#l Ul'lder tropical ccmd1 tiona bee.ae the ...,01' 

Croppinf aeason is wet. 'lh. high aterility aCCOrdiag to 

them is caused by the factors of reduCed Ught, hi#1 :l 

supply, INtuel anading e1 ther 1Mlv1dllally or in CCIIIlbifta­

tion. However, in this study higber N favoured better 

4.2.10.6. ("pip rig'" (Table 10' _4 Fig. 

Gl'ain yield .,.. a.tl'ectecl by N application. 

AppUcatlon ot III increased grain yleld \lpto tbe 1 ... 81 of 

150 kg ha-1, thereatter it d4telined. Ibe inoreas ill yleld 
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by application Of N a1: 1.5 kg be-1 OVer control _d 150 

kg h.'" OVer 15 kg he'" were 154.4 and 16.8 pel' c_t. 

respectively. The yield decline with the hJ.&be.t ~O.e 

of ~: noticed wsa 4. a per cent. 

Influence of irr1geticn schedule or varieties _"' 

not present. Interactions of r; with irT1l8tiona or 

varieties ven Obaet'Y&d.. Under 11 or 12 1 ... 1 of irr1, __ 

tion, ~; applied at 150 kg be-' recorded the h18beat yield. 

31mJ.larly both the varieties per:torllle<l better at 150 kg 

level of N application. 

The varieties used for the study during NE.M 85 

are difterent. bowever, on a compar1aon of total dUration 

bet\fl>en l;,"r-; 85 and "b'!'; 85 or Sualer 86, it could be alMn 

that theae varieti.s occupied IlION days in the field and 

they be1ng hIgh yielding varietie. cauld not IIItlCe o. of 

the input. like water and N supplied in IlUtticl_t 

quantities in a moat e1'tectlve menn.l'. lbia Wall probably 

due to the UIltavourab1. environmental COIlditiona like low 

temperature, BOlar energy and llUftahina hOurs prevailed 

dUr1n.g the cropping period. 1h. low temperature that 

prevailed dUring the 8er1y growth stages baa ra.tr1cUd 

the growth .. v.ll A tUlel' prodUCtivity and ultimately 

t:be L»4P. ibis negative e!tect 1n the early vegetattY. 



phue cOUld be attrlbl&ted as th. pl'lllle " .. on tor the 

low productivity durlrlg Nt;M aeaaon ~. 

Apart trom thia the soler rad.laUOD ... CCIIIIpaJ'a­

tively lower during the ripening ph ... of the crop _11 

the sterile ~1lt.lets wen elao higher cluring thia .... an. 

''brats (1966) atates that the carbOhydrate to be trans­

loeated and stored in the grain are generally manufactured 

during th. .1:It odd weelts to two weeks be to" and tour .eka 

after heading. Relatively abort duration of day length at 

the grain f 1l1ing stage experienced by the c!'OP dUrin!: the 

U::l~ 65 season (8.3) .. compared to Swlaer 86 (10.2) lII1abt 

have contributed to greater sterility end thereby redUcing 

the grain yield (F'ig. 1 a). 

!.iunlight h .. a direct ettect on N utilisation and 

grain yiel1. Increaaed light .alt.s the plant 80ft re.pone 

alve to hlgber levels ot N (stansel, 1966, De Det'ta and 

l'!.&labuyoc, 1976). ;'or the .... 6.\IlOUIlt of N, grain yield 

and N respoNJ. ere b~r dUrJ.ng $'1114 ~ or .3 .... r a6 tban 

NEM 65 .eaeon. l'ha indicate. a direct response to sQ1ar 

energy value. and higtu.·r grain yield of the .. seasons 

COJIIpared to NEl'" 85 season, 

No diUerence in grain yield due to water ..... __ t 

wu noticed. Ibe yield ob'ClWled \IIlde1' COIltJnu.oua ..... J'oo 

pnce _«1 l",lgat1ng one dar attar 4!88,PP"J'IIftO. of water 



were '.34 aDd '.29 t ba-1• r.apacUvely. The reapecUve 

~t1t1ea of water coneumet1 weN ,,82 and 9ft1 1IIIIl. The 

allVing in water w .. 32.0 per cent. AIJ 1ft cue o~ SlIM 85, 

the evaporative demand i8 101lll!rr in thb aeaeon elao. 

I.e such irrigation one day adter duappearence o~ waUl' 

take. care of the fUll water requ1~t of the crop 

dispenSing the need for continuous aublllergence. 

Progressive increase in strew yield dUe to N 

applicatIon vas noticed. Nitrogen applied .t 225 kg be-1 

recorded a straw yield of 4.69 t ha-1• .straw ylel4 enbaDced 

by 294 kg ha-1 with canUmlO\&a au'bmere;tIIlCe over irrigat.1ng 

one day after disa,,,earance of ponded water. 1'he 10teracUGft 

of N witt, irrigation anD. varietios were present. ApPlication 

Of higher quantities of f>i with c~tJ.nuoua IlUblllergence 

produCed higber straw y1el.cia. 

".ter use efficiency recorded an 1ocre ... of 2..,' 
'kg/m with N apPlied at 150 kg ha-1 over contJ'Ol.. Imp. 

t1ng Ofte day after disappearance of ponded water gaY. an 

increa.e of 1.04 tr.g/_ compared to cont1nwN.a R~!"pDO •• 

'l.'be higher WE noticed lIIben 1\ appl.lac1 .t 150 k& .-1 .... 

due to h18ber yi.ld and low wat.r NqIlir--t.. 1he yield 

\ 



2 ~j 1 

TABLE 104. STRAW YIELD (KG }-lA-I). (N.E.MONSOON. 1985 ) 

1, 12 ... an 
V, V2 Mean V, V2 ~an V, V2 "'an 

NO 1604 1690 1 647 1 6,5 '527 '581 1620 1609 161( 
N 1 4444 4345 439, 4184 '909 4047 n13 4'27 .4220 , 

2 4726 4466 4597 4422 4690 4556 ,c .578 '577 

"3 5049 4892 4970 4322 4577 4450 46% 4685 ,685 

Hean 3956 )848 3902 ,641 3676 %59 3799 3750 

N V !xV N at I I at N N at V V at N 

SED 66.29 46.84 46.84 66.24 78.71 69.96 78.71 69.66 
CD(P-O.05) 162.22 114.61 N.S N.8 184.69 157.83 184.69 157.71 

WATER USE EFFIC lERCY (KG/MM). (N • E. MONSOON, 1985 ) 

1, 12 Mean 

V, V
2 Mean V, V2 "'an V, V2 Moan 

NO 1.05 1.0, 1.05 1.62 1.60 1.61 1.3, 1.32 1.33 

N, 2.76 2.75 2.76 3. 88 3.93 3.91 3.32 '.34 3." 

N 2 2.99 3.0, 3.01 4.27 4.36 4.32 3.6, '.70 '.66 

N, 2.79 2.88 2.84 3.95 3.95 3.95 3.37 3.42 '.'9 
.... "" 2.40 2"3 2 •• 1 3·43 3.46 3.45 2.92 2.95 

II V !xV II at I I at II I( at T T a~. 

SED 0.09 0.06 0.06 0.09 0.14 0.15 0.14 0.1, 

CD(P'O.05 ) 0.21 0.1, N.B N.S 0.32 0.3} 0.32 0.'2 

N.S • Not Bl~lfloant 

QUANTITY OF WATER (KM) CrnSUMED. (N.E.~ONSOON, 1985 ) 

1, 12 MoaQ 

V2 
Mean V, V2 Moan V, V2 He .. 

V, 

1367 1371 875 864 870 1125 1116 1120 
N ';7') 

0 1116 1117 1117 
131 6 921 913 917 

Xl 
p,10 1321 

1411 968 972 970 1188 1194 1191 
N2 

140 '7 141 '5 

1010 1003 1006 1218 1217 1218 

" 
1426 14)1 1,29 

938 941 1162 1161 
138(1 lW4 1382 944 

Mean 

Data Dot analyeed 



obta1rutd UDder irrigation vi'tll ._ day after ~.aJ"llftce 

Of water "aa eOlllparable ",1 tb eont1nuoua au"ralDca, 'but 

the water used. is eonatd.rably low (Tabl. 104) thus 

reoulting in higher \¥1]t.. IntlilracUona of N with 1ft1catJ.Oft 

and var1eti es .. ere pnsct. App11eation of water Oft. day 

after d1aapp&t\I"8nOe nth N at 150 kg ha .. 1 recoJ'd.e4 hJ.sbeat 

',U.s. I'he WUI'. wee a!m1lar tor both the varlet1_. 

Dry utt.r production ot weed.8 .., .. 1ntlu.ced by N 

and water !Ilanageaeat pruette.... Highel!lt weed cSry we1g.bt ._ 

noticed when rl wae ~}'l1f1d a~ 225 kg he-'. the 11\0,.. ... 

bdng .H.} per cent OVer c;ouUOl. 3ullQerg.t.ft& one day after 

disappearance o! Wlttel" :-eaul tel1 in !110ft lIIHI4 4r7 ve1gbt then 

cont.!.nuc\l.& llUbl'cerganca. Tr.e hvO\U'abl.. intl.ueDce of conti­

ft\ICUC su'blllergenc. on weed control 1. well H\abl.ll1be4. 'lbe 

_M ir.festatlon waa h •• vier dth CO 44 at all levels ot 

1rI"igatlon than Ifl ZOo 

4.1. '4. IilUtriept MQtoI5e by riQe 

IUGg •. pbCttpMN IQd pq.'WI 'table 106) 

Uptake of nutrients iDoneaed proen"1vel.y "Uh 

1ne~ in 1",,"'-& of N ~pl1ed at bOth the .~.. N1 tl'OI. 

1lPiJ].1ed at 225 kg ha-1 rellUl ted 1a IIDI'e Iolptake ot tlIoltrlarata 

dUr:lng harve.t stage than N applied. at lower leY.la. 
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lrr1E',aUon influenced the nutrient uptake slgnUicanUy. 

Continuous submergence resulted in III)re uptake than 

lrr1/!.8tinS one day after disappearance of pondecl water. 

Favourable 1n.tl.uence of N and more water in inoreasing 

th. nutri_t uptake was already diaousaed. Con't.l.auoua 

eubmergenee incresses !:>OU telllpel"ature there"'y enbaDo1ng 

the nutrient uptake even though the ataoapnerlc t.pentuJ'e 

is low during this season. 

Low air temperature prevailed in H£iI. 85 during the 

peek abeOrptlon periOd of th. nutrients haa lowered the 

uptake of nutrients tbtllreby relNlt1n8 in lower acCUllllet10n 

cOIIIpared to the 3Wl~ 85 or .>user 1.'6 eeeBGfts. 

Varietal 1n!lueDce on uptake of _tn_u was 

cbael"Ved. Uptake of ? waa more in o .. e of IR 20 in both 

the stage. wh.,.... CO 44 registered more H 1Ul4 If. uptake 

during harVe.t. 'Lh. <luterene. in nut1"1cftt uptake MtWHll 

varieties could be attrl.buted to the ditteNMe in a'IP 

bet_an the varieU8a. 

4.2.15. ljM;.,. to N Md ptramwn nMYV! of ppl1t4 " 

(labIa 107) 

The .... pon .. to " dec ..... ed conald. .... bly with 

application of 111)1'8 N. HipI' the M, lower wall the 

respon.e. The bilbest respCllUle WIllI _Ucecl wlth N applied 

-1 at 75 Ira ba • 



T.'.BI.l! 107. RESPONSE TO APPLIED N (KG GRAIN/KG ~). (N • E. MONSOON • 1985 ) 

I, I, Moan 
V, V

2 """" V, V
2 

....... V, V2 Moa. 

N, 28.32 29.45 29.'9 28.77 29.49 29.10 28.85 29.47 29.16 

"2 18. 'I) 19.09 18.71 18.68 19.03 18.86 18.51 '9.06 18.79 
~3 i1.;'l. '2·03 11.&4 1'.0 11 • .47 " • .(5 ll.'}.( '1.75 11.55 
~aD 19.5e 20.19 19.&) '9.6) 20.00 19.81 '9.57 20.09 

Ixv N ., I I at N Nat V Vat 11 

SED O. )6 0.25 0.25 0.35 0.45 0.40 0.45 0.40 
CD (P =0.0:: ) 0.99 N.S N' .s N.S 1.15 0.92 1. '5 0.82 

PERr:!ENTAGE RECOVERY OF UPLIED N. (N.E.MONSOON, , 985) 

1, 12 Mo .. 

V, V
2 

Moa. V, V2 Ho .. V, V2 Ho ... 

N, 23.73 29.30 26.52 29.27 20.10 24.68 26.50 24.70 25.60 

N2 25.03 29.73 27.38 26.00 27.87 26.94 25.52 28.80 27.16 

N3 27.43 28.30 27.87 28.07 29.67 28.87 27.75 28.98 26.37 

>I,,,, .. 25.4 0 29.10 27.26 27.78 25.88 26.83 26.59 27.49 

N V l:<V N at I I at 1'1 1'1 at V V., • 

SED 0.f'3 0.64 0.64 0.90 1.00 0.90 1,'00 0.90 

CD (p.O.OS) N.S 1'1.5 I'I.S 2.20 If.S I'I.S 2.59 1.96 

I'I.S - !lot .1p1!1 .... t 

IlESI'ONSE EQUATIONS OF RICE TO N UNDER DIFPEllEl'IT \lATER IWUGEHENT PRAOTIOl!8 

a. IR 20 

(N • E • MONSOON , 

3ubm.errln~ Ollti 

day attflr dle­
. ~pee.runce ot 
~'U tar 

b. C0 44 Continuat,s Bub­
mcr~!'I::6 

St:btuct"/I';1nf-; on8 
dfl.)' after 11S­

appearance or 
. ;.Jatar 

1985 ) 

Quadrati. response eq_uatlons 

12 Y . 14.655 0 • 0.34007 I - 0.001()21 X2 

I, Y • '4.55' 0 • 0.35360 X - 0.(Xl1052 X 2 

12 y • ~4.1270 • 0.360% X - 0.001105 X2 

EOODOllli. optllftl.. 40 •• 
(k~ aa -1 ) 

151.9 

153.8 



lnc:re.ed with .rumced N appliCation. MaWYer. tbe 

Inc:reaae waa only _rl!Unal. lb. eeonoll1e optiaam dOlIe 

of ~: (kg ha-1 ) presented !.n i'able 1<17 show talat thAt 

do .. !.ncr .... ed tJ"Olll 149.5 to 151.9 ~r IR 20 where .. 1t 

decreued from 153.8 to 149.5 tor CO 44 under ccmtinuoua 

submergence and subaerg1ng one day atter dlaappean.\Ce 

of water, :respectively. 

4.2.16. BR9P9I1S' (Table 108) 

4.2.1":.1. iroN !PQ9M. net 1ncoira anA lHmtCt. CI.t. rat.1g 

'~ :~ .-" 
.:..dr 

Gro •• an~ net inCOJDe and benclfit coat ratio ~OJ'ded 

with application ot N at 150 kg na-1 
HN the ~t betr1g 

Rs.7004/- end fIa.2389 he-1 and 1.52. reapecUYely. NItrogen 

aypl1.nl beyctld thb l.v.l, ho.ever, cauaed a r.duetion in 

groaa and net retur'ft8 and beDefit cost ratio. CoatlJNOUS 

submergence resul ted in higher gross iIlco_ .!Pee tb1a 

tntatment prodUced higher grain and st,..w 71el~ whe:reaa 

net income aDd benefit coat ratiO 1IHlre IIDON with 1n'1latlng 

•• day attar :11aappearance of water. I'M. was due to the 

lover ct\1to1\tlt:v of water requ1:red in th1li treatl'llent COlIPared 

to eonUDUOIUI IlUbMrgeDce. Nitroge x 1JorIaatin lIlte,.. 

aotlO11 was pNaent tor all casea. CGft~ wbraeJ'geftCe 

wi til higher do ••• 0.. 1. gaVe Il'10''' groa. ntun cQllpa:Nd to 

tn. Other N _11 irrigation treau.nU wh...... aullllercial 

ClINt 48y &fier disappearance was flND4 to nool"d _N ne't 

N1IU1'Il Iftti beetlt cost ratio with h18hel" N l ... el •• 



TABLE 108, 

SED 

CD (PaO.05) 

SED 

CD (1'-0.05) 

9ED 

~D (p-O.05 1 

GROSS INCOME (RS HA-') (N,E. 'iONS00N, ,g,l?) 

5724 

550' 

23111 

6092 

7093 

6921 

5622 

2399 

6094 

5592 

V 

48.34 41.55 41.55 

118.28 101.67 N.S 

2375 

5995 

68,' 

6636 

5.67 

hV 

2299 

5974. 

7055 

6627 

2337 

59115 

5958 

663' 

5H8 

N at I I at N 

58.76 75.54 82.}4 
N.S 169.40 180.26 

NET RE'"URNS (RS lLC 1 ) (N,E. MONSOON, 1985) 

-1709 

1694 

2177 

1535 

924 

N 

I, 

-1736 -1723 

1683 

2253 

1727 

9&2 

1689 

2215 

1631 

953 

V 

80.20 55.40 55.40 

196.25 135.55 N.S 

-1250 -1}15 -126} 

1975 1973 

2468 2658 

1863 1861 

1264 1294 

1974 

2563 

1862 

1279 

hV N at I I at If 

78.34 107.40 '03.55 
N.S 246.38 227.82 

BENEFIT COST RATIO. (N.E. MONSOON. '985) 

0.59 

1. 15 

0.58 

1.47 

1. }3 

1.19 

0.01 

0.02 

1,->':: 

1 ~ 19 

v 
0.01 

N .5 

0.66 

1. 49 

1.56 

1.39 

1.28 

hY 

O.Ol 

N .9 

0.64 

1.49 

1.60 

1.39 

1.28 

1. 39 

1.28 

N a .. \ I I a.\ l( 

0.02 

0.05 

0.02 

0.05 

N.S - ~ot slt;alf1.a..t 

2396 

6045 

6935 

6680 

5514 

2340 

6033 

7074 

6774 

5555 

R a'\ V V a\ 1f 

75.54 82.34 
N.S N.S 

1835 

2323 

1699 

1094 

1828 

2456 

1794 

1,,,, 

107.40 103.55 
1I.B N.S 

1.24 

N &\ V V at 11 

0.02 

N.S 

0.02 

N.S 

..... 

7004 

6727 

1832 

2'89 

1747 



Return per rupee invested on water val 1n!lu.nced 

by N aM 1rrigation levels. Appl1cation of N at 150 kg 

-1 ha wa. found to etfectiYely use the water app11ed. 

The re12.tm per rupee on water decreased drastically 

thereafter wi t.h more II! app11cation. ;,;ubllerglng one daY 

after disap-oear&nce ot voter recoNe4 an increase of 17.2 

per cent in return per rupee on water due to the lower 

water l"t!quif'llld in this treatlllmt. 'lb. return J'!er rupee 

iDVee'te<l CIll II! behaved differently COllpaN4 to return per 

rupee invested an water suct. that h1gtlest re12.tI'D vas 

observed with appl1oatJ.on of.' N at n kg ... -\ l'hu .. 
bec8Ulle of lower recovery percentage of N at h1ataer rates 

of !; a?p11cation. 

;,,;rop varlety \ 
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2F1 

A. Intluapg. ot If1it2rolpgipal facta" on Dc. 919P 

1) if9l.r pm 

$olar energy infiuences various gro'4tb and yield 

attDbutes and. yIeld ot riCe. Resul ta of the first 

.x;:eriment indicate that the vel;etgtlve growth characters 

like plant height and LA! show a negative relat10Mhip with 

.olar an.rgy. !h.y increase und.r condlUons ot low 111#lt 

lntanaity. Yiel.d attDbutes such .. pm1clea p.r '1112. 

grein. per .2. pan1cle wl8b t, t.rt1l1 ty pere_tap were 

l'oa1t1ve1y col"l".lated. with solar racllatlon ed. II\IIUabJ.Jut 

hours at on. phas. 01' other dUring reproductive and ripening 

phaaea. The col"l"elatlon coetflc1_ta worked bet:wec solar 

radiaUon and grain yield tor a period ot "n. week. 

betore the haJ"l18t of the crop, Uov tnat .. the per104 

advances to1tardS 1IlatuJ'i ty the Nlatloft3hlp of yield with 

solar ra.tiat1oll beco ... stronger. z.w..te (1966) IIbowd 

that grain yhld. 10 related to ictlar radiation c1I.lJi.ftg 

the later part of NproductlVt )fta8fJ sinc. tn .... -llaUon 

o! starch in the leave. and cul_ begiu at about 10 4.&7-

~ heading. 1hia in tum. is clependent on the .xteat 

ot solar ... rgy NClipt. Accol'l.Ung to ~ata .t ale 

(1967) tho drY _twr production attel" tlow.r1ftg 1a pr1mar1lJ 

in the 10l'1li 0 t grain and hence receipt of h1&h ..,..t of 

aolar e.rgy during this p.r1od 18 highly ..... t1al tor 

""-I' grain pro<iUcUon. 



ApaJ"t tJ'Olll the growth and yield characters, the 

nutrient uptake was also clo .. ly ool'l"el.ate4 with aolar 

energy (SUggesting that an opti_ nutrient application 

rate cOUld be baaed DOt only on 111011 tel"t.Utty lO'Vel and 

variety but alao on the solar radiation 1w81. 

11) Air tMpmturc 

The influence ot temperature is colllplex colllJ)8,red 

to I!IOlar radiation. 'iemperature upset. the balance between 

photosyntheSis and respiration. 

A high night temperature during vegetative ph .... 

influence. the growtb. charactera such aa plant height and 

tiller production fevoural:ll.y. Y1eld attributes IIUCh 8.8 

panielea per ,;., tiUed grain percentage and degree of 

ripening was seen to be negatively correlated wl th lllinillwll 

temperature 1I.Idicating that lower the miniJllum temperature 

hlgher will be their value ... 

In this experiment .1 t wu seen that the duration o! 

the crop upto 50 per cent flow.ring wa.e not affected. by 

1II1n1at1ll telllperature. ;,owrter. there exiata a negatiYe 

relationship between dn1ml..lm temperature and dUration of 

ripening phaa •• 

The temperature auaaatJ.ol1 ls alllOat toe .... in 

the different plantings 11.1 each season. 'l.bia 1nd1cat •• 

that a particular variety will reach maturity ODly it 

e,qJOae6 to a IBinJ,muJ:!I heat requ1~. 



ill) fltl,uu baa,'M'liY 

The study reveelil that IIIOst ot the 8J'01f't:b an4 

yielri attributes are not 1nf'luenced. by relathe hUa1d1ty. 

Ita ett.ct on plant hei~t and paniclea per .2 has been 

maalted by sunshine hours. "ven thougb there exiats 8 

negaUve relationship between relative hwaidlty cd 

grain. per m2, the partW correlatioll. ca.fticient abowa 

that relative hwn1d.1 ty as such hall no ettect. Slm1l.arly 

there exists a negative association between relaUve 

hum1d1 t1 8IId grain yield, but lIolar radiatiOn at repro­

dUCtive and ripenin(; phue& eonfOUllClS its negIJtiD 

ripening phases contounds ita negative infiuenc. Oft 

e;rain y1e11. :he reaults, therefore, poiftta out that 

relative hulllid.1 ty ~'er 5e dOes not in:t'lulIf1ce growth and 

yield attribute. of the rice crop. 

tv) fl.onUng "!I!l 

In the present. day emphuis on mul tlple cropping 

rice is being grcMl not only in tradiUonel aeason., but 

elso dUring off seasona in many places. Howwer. agro. 

cllmfltolol,ical 1nd.1cationa of the perf01'lllances 0:1' the 

hlSb yielding, fertilizer responsive and photo inaenaltive 

typea of rioe are sl''3I1ty UDder Indian otlftdlUona. 

F!'OII the naal ta of the elQ)erlaent (1), it 1a .een 

that IIIIOfti the ~:If'i 85 plant1Jlp, 16th July plaDte4 crop 



gay. the highest yield follow.cs by 2nd July plantiftg. 

1'h1a ill the WJual plantiDg period for kUnlYai •• ason 

in Co1l1batore and eliaot1c condltlona dUr1.D8 the.e 

plantings are QUite favourebb fOr higher gra1.n prodUc­

tion. In the late plantings grain yle1d abo." • re4Uction 

dUe to unte.voureble climatic COnd1. tiona experienoed by 

the crop. 

In ~,e:.M 85, the highest yield ..... obtained in 26th 

November planting. From 15th October planting an 1Doreaae 

in grain yield was noticed upto 26th Nov_bel". Grain yield 

deeJ.ined 'ldth oarly ';ee"'1oor planting 3ine'!! it ,.,.. subjected 

tC' cool '"",ather con~! t10"ll, durine tis grow+..h and developllent 

phases. 

In SWIller 86 the highest grain yield was ... with 

26tn i ebruary planting. Here alao gralft yield iDcreaeed 

t'rOm 29th January planting 'odlich decreaaed with 12th March 

planting. 

The favourable clilll8tologlcal CClftdltion. prevalllftg 

dUring the crop srowth peri04 e.pecially at reproducUve 

and rtpcrn1ng plsUell contributed tor better grOwth _4 

deVeloplilrlit of the cro,. ~aul ting 1n Mabe,. &rah yield 

in ths a.aeona. A comparatively low teRpereture .CCOIpaIl1ed 

by • comparatively l'lit;iler &olar r-ad1"tion IIDd 8lIUh1ft. beure 

provide. • 1II08t congenial co.ndl t10n tor gra1l\ producUon and 



ripening. AliI a reau). t yield attributes sueb •• penio.lea 

per m
2

, grains perm2, fertility percentage, c1.gree of 

ripening etc., are infiuenced tavounbly lea41ng to hip!' 

yield. 

'lb.. response of rice crop to wat.r ..ntlgeaen.t 

practices 1& seen to be influenoec1 by climatologioal factors 

directly or 1ftd1rectly. l.luring SucINr .... an .t1en tbe 

evaporative demand. of the atmosphere 15 greater, cont1nuoua 

submergeac. favourably in!lueace4 the yield attribute. 

resul ting in hi8her grain yield. ..here.. dUring SW .,nsoan 

end i'E monsoon perioda when the evaporative deu:r.d i. not 

that high l..rrigating ane day after d1aappearsnce of panded. 

water was as effective 1'18 continuous au'bmel'8_c. in provi­

dint: a good environment for hi#Utr prodUctivity. 

li-ven though k-.igher yidde are obtained with 

continuous submergence, higher .. oJt., wu noticec1 witt 

submerging one day (31J/r;' 85 and NE.."1 85) and three daY8 

(nUlJl3eI' a6) after disappearance of water. 

Cont1.DuOUe "'bmer-genee reoorded MAbee' uptake 

of nu'tr1811t.. there wu deere... in respons. 01" percentage 

rectNery of N with lower lrrigliltiOft levels. 



11) N1trosm 

The response to N under the monsoon coadi tion. 

are very low compared to dry and 3U1'1ftY weather conditions 

prevailed during :;)UI!Iller season. The growth attribute. 

like plant he1gbt, LA! and Uller pl'OductiOft were hlpr 

in :';W!IIIIer a6 season than 1ft ~ WI'~ 85. Ap~1cation of N 

in.nU4tllCed. the yield attributes such as paaicl .. per ,.2. 

panicle wei~t. 1000 grain weight .ftlVOUrably and gave the 

highest yield 1ft all the seaeana at '150 kg u-1 .for the 

experimen t (2). A doce beyond this level cauaed. a 0-..1-

derable reduction in yield in the tlllO IlIOnsoon aeaaona. 

Application of r: increased tne nutrient uptUe and 

the response to ap;l11Gd lJ was the highest with 15 leg u .. 1 

in all the seaslr.ls. me reduction in re"pOlll&. to 'the next 

hlg' .. or doze of 15:1 K::; 11a-1 of Ii was more in cu. of .3wr~ 85 

and ,,:,.:t: 25 (3? 11M ~(; per cm t. l'esp.cUvely i compared to 

23 per cent in Jummer 136. howllfVer. the per cent recovery 

of N behaved diUerently witt. N application in •• ob ot the 

aeason. 

ThE' econ"llIic optJ.!lIm (;OISe or :1 did 110'; va!')" blttwMn 

irrigati1)lI 1I'Yels for the ii.!rerent varieU •• tried 1ft 

;,\;1': 85, ~eN:US. in '; ::'. fJ.} rrul:>lllerging one day afiQr cS! ... 

app4tarance ot water showed a higher 2COllOIII1c optiaall doee 

ot N for IE 20 lIIh1le in CO 44 contimlOlola aulMlarpftO. allowed 



• bigber value. In :';ullllller as the econoll1c opU ... dose 

o~ N increued with lIIOiature atre .. tor bOth the varieUea. 

c. Vari.ty 

With the introdUction of' hlgn yielding varieU •• , 

rice production has increased considerably. HoWYer, 

selection of e speclfic variety that can 'be BUcces.fUlly 

grown in a particular season 1. very impOl'tant. \~lth low 

llght ccmdi tiona prevailing durmg monaoQft seuons, the 

variety selected should 'be able to tolerate such unfavourable 

condi tIona and at the same time producing higher grain yield. 

It should be fertilizer responsive also. 



SUMMARY AND CONCLUSION 



V. SUM.'iARY AND CONCLUSIONS 

Field ellPar1ments were oond.uCted in tbree .eeaOlla, 

viz., JOUth ~lIl:lt Monaoon ("Wlt.). North East Monaoon (NEM) 

and ~r 6I!JUOIl.8 of 1985-aS at the wetlanc1a of TamU Nadal 

AcI'1cul.tural University, Collllbatore to ..,eluate the 

infiuence of meteorological tac'tora on crop gJ'OWth 111\<1 

P'&1n yield and ita eUect on water requ1.raDent ot the 

crop. Anothltr experiment wall CCIIdUcted wUb the a1a to 

Idafttity the facton reaponalble tor cU.tterece in y1eld 

between .... GIla. 

In the fint exper1Ja!nt crop growth period wall 

divided into three pbaae. viz., vegetative, reproductive 

and ripening. Correlation coefncienta were _rb4 out 

between growth and yield pal'allletera, yield and. .. teorol.o­

gieal taCtors prevaUing during each growtb pbaae so .. to 

identity the weather e181Hftt that 1ntlulllCe the growth _d 

yield at 8 particular ph.... '!be reaul ta obtained under 

two studie. are 8U11118rLsed and pr .. ented. separately. 

The growth characters I1Jce plant he1aht end 

LAl were seen to be negatively eorrelatad wUh Ute --l'I7 

lOW'Oe. (aunahiM bcN.re and .olar radiation) dUI'1q the 

later pbaa .. of crop growth. A hJ.eh nJ.abt t.-perature 



(1I1ft1Iwa taDperature) dtal'1llg ttle early growth period 

was found to inorease plant height and. pJ'Oductlon of 

tUleJ'a. 

Yield attributes sueb as panicles per ,,.2 _d 

gJ'aw per =2 were positively correlated wittl 80ler 

J'adiatlon and surU!lhinf' hours during both ttl. reproductive 

and ripening phase.. lbe pan1c:le weight .... correlated 

,,1 th lIolar radiation during ripening lind wi th aun.ahlne 

battrs at both the stages. Peroent.tlg. or rUled g1"Ilina was 

positively correlated with 801ar radiation at reproductive 

and ripening rhues whereu it is correlated with eunahine 

hours tor both stages taken together. 

,v)inimLuu air te£lperature was negatively COl'1"elated 

dth panicles par 1ll2. et vegetative phase indicatine; that 

lower tbe lIl1niwm tempanture higher the panicle prodUCUon. 

The percentag. of rUled grains and panicle weight ere 

negatively correlated with minilwm temperature during 

r.pl'OdUCUVe and ripening phaa ••. ~'he tbousaDd gra1n "elgbt 

was not affected by any of the weather ParaMwrs at -y 

of the growth pbs... The degree Of rip-.tng (5v fertUlty x 

1000 grain wight) showed. negative ... oclation with 

mJnilll.lll all' tempera'tIJ'e dUring reproductive aDd ripetUn& 

pbaaes. The sOlar energy sources,.... fOUDd to be poal tiYely 

,,800lat4l<1 with the degree of ripening during these two 

pbaa". 



2; II 

Oralft yield. recOl'4ed. • pOll1 tlve COI'ftlatlon with 

8U1\11hlft. bo\ll'l and. solar racUaticm dul'iD& Npl'OdUctive and. 

rip_1ng phase.. lbe correlation coeftici.te are tOWld to 

1ftcreue from one stage to IIIIOther. Correlation coeft1-

clanta worked out between grain yield 111'14 total sOlar 

radiation at 'Weekly lfttervala for swen we •• befOre b.,. .. t 

tor SY.": and SUlIII'ler seasons together abowed that there e:d..ted. 

8 positive correlation betwecm them upto ttve weeks before 

harvest in cue of IR 50, the abort duraUcm variety used. 

in these seaaona. 

The duration upto ~ nower1llg ",.. not affected 

by .n_ or minillUlll air temperature. However, the 

mnxiJlwl I mift1Dum air temperature ratio showed a poa1 tiva 

aaaoc1ation with dUration of flowering ~.. 'lb. riP8DiD& 

periOd duration was negatively correlated with a1nill.ul air 

temperature at this pha.e. 

'lbe relative b\lll1d1ty showed. naptiv. rel.aUOIUIb1p 

with peniclas per m2, grains per af, tertllity percentaga 

and gn1n yleld and a positive association with plant bu.' 

at ~e.t. HOweYa .. , It. effect was noticed to be ... IUt4 

by el the I' solar energy or ta~rature. 

Tha uptak. of nutri_ts (N " p) at .t1over1Dg aDd 

ha,.eat ,tag" ware pOd t1ve1y correlated. 1111 th 1I8X1_ 

all' temp ... ture, eolar radiation and SUNlbine boura. 



In cu. of It •• negative relation existed between U. 

uptake aDd the meteorological factors. 

In MEl'! .eason plant h.1gM showed a posltive 

a •• oclation with maxilllllll or rn.1.niJIIum air tellpel'llture .t 

vlM'etatlve ph,aae. The correlation coe.tticient increased 

.trom one stage to another in case of .olar energy SOW'O •• 

'lllh1ch showed 8 ne~t1 ve relationship with plant height. 

The LA! was more negatively correlated with sunahine boura 

or solar rad.iation at vegetative phase than at ~J'OdUct1ve 

'!)ha.e. 

The yield attribute. panicle. per .2 .... negatively 

con-elated w1th m1n1auD tallperature at vegetative pbaae. 

Grain. ~r ra2 ad panicle weigbt were fCWld to be poa1 tlvely 

a8&oc1eted with sunahJ.ne houris and 801ar radiation at 

ripening phases. The percentage fertility showed III poait1n 

correlation with sunshine hours at reproductlve pbue and 

with solar radiation tor reprCduet1ve and r'.pening ph .... 

taken together. 

'!he degree of' ri~n1ng showed a clo •• poalt1ve 

aaaoclation with total solar radiation at reproductive 

.ad rlpelling pbaa.. than that of su.nahJ.ne ftOure receive<! 

during the.. pbaae •• 

0ra1rt y1eld .... well cor.relattt4 with ylel4 attri­

bUtes lDe graJ.na per 111
2, p81l1cle we18bt. terU11ty 



percentage, 1000 e;ra1II .... ight and pos1Uvely with .. lar 

energy sources at reprodUctive phase. lb. coJ'J'elaUon 

between Yield and solar radiation 18 e1gn1t1o_t at 

repl'Oductt ve phaae. 

The <luratlon of vegetative phase was IlIOn neptlvely 

correlated with m1n11111111 air temperature of tbi. phaae tba 

w1 th maxi!IIUIII temperature. 

Plant growth and yi.ld attribut •• a. well as y1eld V 

did not differ between continuows INblllergence and aubaMtl'&iDl 

one day after disappearance of pond.ed water during SliM and 

NEJIl season.. HoweY"r, continuous aublDel"g8llCe fgyOW"ed better 

plant growth Md developaent and yield during s.w..1". 'l'b.ua 

soheduling IM"1gat1on one day after diaappearence of ponded 

water dUring SWM and NEl"J wban the evaporative deaand of 'ttle 

atmoapbere is lOW is indicatad. 

In SliZ'; plantings hig..st grain yield was obtained 

wi th 16th July planting and .in JUllllleI', 26th F.bruary 

planting recorded the h1gh.st yield. Su ... r seaaOD plantinp 

produCfld, more grain yleld than ~;w''''. In the aaae of HEM. 

the higheat yield waa obtained wi ttl 26th Nov.lIbel' plantinl 

~" all th ••• plentiAga experienced a low .tnl._ air 

telllperatun and reo.l ved a hIgh solar ."erQ $lrillg the 

1"tJJ)J'OdUct.1ve and ripening pbaae. of the orop J;l'OWtb.. 'l'b ... 

plant1nga took le ... r dUration in 'ttle II81ft field al_. n.a. 



tor ~t1ng ~I' 11elda in any of the .e .... , plant1np 

are to be adJ\UJted in such a way that the crop experience. 

a hiBb eolar radiation and sunshin. houra ctur1ng the 

reproductive and ripening pha.es. 

Natrt-t II 

Jrowth attl'1butes like plant he18ht, t1llera and 

LAI 11\Cl'eBsed with N application and showed hlgher value. 

11\ Su.aaer than in :,WM at all levals Of N and 1rI'1gat1on. 

They _re low in ~:Er~ se8801'l also. Root length was not 

affected by N in ~M whereas it showed a progresaive 

1ncreaso with ': application in the other t",o sea.OIls. 'lbe 

dry matter prodUction increased with N application at all 

stages in the thret' seasCIIU. 

Application of N had given a progressive iDcreas. 

in panicle per m2 and grain yield upto the level of 150 kg 

ba-1 , 1IIhereaa panicle weight, 1000 grain weJ.gbt and lNIIber 

of t1lled grains increased upto 225 kg ha-1• 'l'he graJn 
... _-1 yield ahowed a dee1iDe after 150 kg._ in Si'lM and Ne;:'1 

seasona. However, straw yleld regi:1'tered increase. upto 

225 kg ha-' of N application. 

SUIIIIIIOI' aeason recorded ClOre grain yield uader opu.. 

_tel' eDd N (continuous submergence and 150 kl ba-1 ) tben 

sw;t .. the iDcrease being 6.2 per c.nt. l'be decreue in gra.ID 

yield iD MEl'! was directly related. to reduction ja growth 



chal"llcters and yiel.d attrIbutes such .. panicle per ,;. 

8l'ld increased ISterll.Ity. 

Highest ;.u!:. was notiCed with 150 kg he-1 of N in 

all the seucns. Weed dry weight increased progressively 

vi th N application. The highest level of N recorded the 

hIghest weed dry weight in all the seu_a. 

Upteke of nutrients (N. P and K) increased with 

!ncna .. in level of ~: in both the !lo_ring and harYelt 

stages. The I.\ptake was more in ..l.,'M cOlllpared to ..iUJlDer. 

The reapon.se per ke; of applied " was malntaJ.ned at a very 

hi:):h lwe1 at 75 kg !l he-1 in all the seaaona. It decreased 

as the N level increased. The percentage recovery of applied 

N varied with N application in each season. It was high 

with 75 kg ha-1 in SWM. 150 kg he-' in ~r _d 225 kg ha-1 

in rll:M. 

Grog and net income and benefit cost l"Iltlo 

-1 increased with N application upto e level of 150 kg ba 

in ell the seasons. l'hey decreased after this N lwel 

Kigneat return per rupee invested Oil water wu 

noticed with 15Q kg ha-1 in all the se .. Qna. The retum 

per rvpH invested on n was hi#l with 75 kg ha-\ ..iumer 

1I."cn recorded IIIOre retum on N then the otber tw • ....,... 



Orowtb characters such all plant he1pt, Uller v 

production (ltxcept awl': and NEt!;), LAt, root lenstb and dJ'J 

matter production were affected by moiatur. stress. 

Increased "alues ,.,ere obtained with cont!nuous _bMrgene. 

tor these ?8ramet.ra. 

Yield attributes like panicle per .2, panicle weight, 

and 1000 grain weight were not dtected by in'igatlon treat­

ments in D'~7~ or ~:,:;;.r~. however, all of them ",e" atfected .In 

':'umer due to !!IOiaturf' stress experienced in t2 or I} l..,el_ 

of' irrigation. 

Grain yield was IlIOre with contirwou_ au"rgeDCe 

in :JUJIIIUr. lbe" was no difference in yield in case of 

irrigation levels in ,s'lM and N£;( ae •• (ms. Straw y1eld 

recorded yea highest with continuous submergence in ell 

the seuan.s. Ie,ater USi!' efficiency was low •• t with h1&beat 

irrigation level. "eed dry we18ht increued with less 

frequent irrigation. Uptake of nutrient. registered 

signit1cant increase with continuouS aubIHrgence compared 

to other irrigation levels. 

The respon.. to applied N and recovery were 

.ffected by irrigation level in sw..tr only_ A decreu. 

in response or percentage recovery wi ttl. le •• trequtllt 

LmpUCill Wd noticed. 



lb. greea and net returns and benet1 t coat ratio 

were high with contlnuoua aublllltrglftca in ';'liM end Suaer 

seaaona whereaa they were not attected by lrr1ga'lon levels 

in lim. 

The retum per Np.. on water and N .... re higt1 

with irrigation ot 5 cm subJaergeftce one 4&y after d1a­

appearance of ponded water in all the seaaona. 

In the case ot varleties, IR 50 pertonaed better 

than ;:; '7 with respel:t to growth and yield characters 

and I'i!'Corded more grain yleld in ",'I','l and SUlIIHr aeaaOftS. 

ill. variety CO 44 pertOrllied sUgtltly better than 11\ 20 

On conclusion from the tva field experiMnta. tn. 

most suitable time tor transplanting rice "'aa found to be 

mid July i$WM); end ot November (NF':'''l) and end ot FebNary 

( WIlIIler). in terw; of better ~l and 1eveloplleftt 

Zit; 

resulting in highest 5T'ain and stra", yi81d. lb •• at ecGllOII1. 

irrigation achedUl. tor low land rice cOUld be recQJping 5 011 

aublDrtrgence one dillY after diaappearance ot pGlllded water in 

terms of h1gber savings ot water and low re4UCUon in gra1a 

yield and hlgh :retum per rup .. on water and N. A ten111_ .. 

dOH ot 150 kg N ha-' was tound to be the llIOst advantqeowl 

with respect to growth and yi81d attribUtes, y1el.c1 and. in 



teJ'lll8 of other ecCl'lOlId.c ecn5ideratiofta. lbe variety 

1ft 50 wu round to be most suitable than CO 37 111 Jl'i?l aDd 

Sumaler aedans. 'ille variety \':0 44 waa more adaptable 

than H 20 in l\!i;; i sedan. 

, .. ~ , 
- / I 



REFERENCES 



Agr1~tural. Situation in India. 1986. L1lrectorete of 
,;conolllics and ..:>tatistics, tUnlstry ot Agr1cul ture, 
Oovemment ot India, New Delhi. 41 (1 J' 66. 

Anonyal)Us. 1914. >lorld wide survey ot experiment. and 
reaul ts of eon8WDptive UN of water for llT1gatec1 
rlce UDder d1ftel"Elllt 8011s and clJ.aatic condl tiona 
Vol.1. revlew and. blbliography. Into .::0_. on 
Irrigation and drainage, Central Office. 48 NpJIl 
Marg, ChanakyapW'1, t.ew iielhl. 

Anonymous. 1976. Fertillty of paddy 8011s and fertilizer 
appllcation of rice. ASPAC. ,,'ood and :fech. Centre 
tor Aden and Pacific Regions, l'aiwan, '76-91. 

AnonytllOUa. 1977. Annual. H.eport of All India Co-ordlJuated 
Agronom1c fiesearch Project. 1'811111 NadU Agrl. lJn1v., 
COlllbetore. 

AnonJ1llOU8. 1980. Agl"Ol'lOld.c evaluation of new pro_sing 
pre-relees. varJ.eU.s/hybrids ot cereal.. Armual 
review for 1979-19SO. :lode! Agronoll1c ElrperiMrlt 
Centre, 1han.1avur. 

Anonymoua. 1981. Agronollic evaluation or new pl'Oll1aing 
pn-releue vari.ti •• /hy'br1da of cereal.. Atmual 
heport tor 1980-81. i'Odel Agronom1c Wrperillent Centre, 
1hanjawr. 

AnonyJlOUa. 1983. Reapon •• ot lllediUII d\lraUon ric. to 
dilferent water management practioe.. ~.earcb 
report ot Kerel., Agrl. UaJ,v. pp.70. 

"pinall, D., P.i.NlchOlu and C.li.May. 1964. The eftect 
of 11011 mol.tun stress on the grovth ef beJ'1ey. 1. 
Vegetative developlle!1t and grain yiel4. Auat. J. 
agric. '''>ea. 15. 729-14,. 



Balaaubl'8lll8ftian, p. 1980. Nitro&en and herl)1c1de 
lI&l'.agement under ditterent planting sysWma with 
~arboturan application in low land rice (n.-r 1444). 
i<' .. ::.c. (Ag.) Thesis. 1II1II11 Nadu Agrl. Unlv., Colmbatore. 

Best, R. 1962. Production Factor. in thfl tropic.. Netb. 
J. agrlc. Sci. 10 (:'pec1al Issueh :541.'53. 

Etlan, $. 1919. 'at.er man&gelllellt for rice in Uttar Pradesh. 
Indian F'mg. 29(1)t 7-9. 

Bhattacharya, .4..1\. and :;.K.De Datta. 1971. Effect ot 
soll tGmPerature reg1 ... on growth characteristics. 
nutrition and grain yield ot IR.22 rice. Agron. J. 
6}. 443-449. 

B1swas, s., l'.Kapat and ;:;.I'11tra. 1915. Studie. on 
relation Detween heet unit anG flowering 1n riCe (ma ~ L.). Indian agric. 19& 113-120. 

Iloenaa, b.B. 1914. Cl1m8t1c effects on growth and yield 
of rice in the i'urrubJ.dgee valley of New ;;lOUth ;-·alea -
Australia. hi.o. 231 385-389. 

Bo1 ton, J. '.. 1916. ..>Olar energy converaion efficiency in 
ehotosynthesb or ~y tllO pbotosyatelll8? Proc. 4th Int • 
... ong. on PhOtOilyntheaia. 621-6:54. 

Chandler F!. p. 1963. Ana].ya1s ot factors affecting rice 
yie1d. Int. hice COs. Newa1. 121 1-17. 



Chanc:tramobeft, J. 1970. Studie. on water requ,1,...t of cropa 
in '!'am1l liadu. Hadru agrlc. J. 57' 2,'-263. 

Chan8. 1'.1. and B.::>. Vergara. 1971. Ecological _d genetio 
aspects Of photOperiod senaitivlty aid theNG period 
sensitivity in relation to the regional adaptability 
of rice varieUes. Int. Rice Comm. Newalet. 201 '-10. 

Chang, 1. T. and B.':'. Vergara. 1972. Ecologioal aid genetic 
intonaation on adaptabUity _d yield1ng ability in 
tropical rice varieties. Rice Bree<Ung. Int. IU.ce Re •• 
Inst. Loa Banos, Philippines, pp.431-453. 

Chatterjee, B.N. 1970. TUler production in paddy _d ita 
effect on grain yield. lU.ao. 191 245-256. 

ChetterjH, B.N., S.:1a1ty and D.C.;;;engupta. 1969. An 
analya1e of growth and Yield of eo .. e.,tic eIld ind1-
g.noua varieties ot paddy. Proc. "')'lip. on higher yield 
potentiality, "est Bengal, 1-13. 

ChaUhan, 11.;:,. 1978. Infiuence 01' difteret herbicide. UDder 
variable water menag..aent conditions in tl'aR8planted 
rice. 11. ~e. lhe.1s, G.b.Pant Univ. A~C. and iechn., 
Fantnagar, India. 

~audhary, r.o,. and H.f;.~dyal. 1970. 1n!l-.. of aublaerleci 
sol1 te!llpereture regtmea on growth, yield and nutrient 
compod tion of rice plant. ,\gron. J. 62& 281-285. 

Chaudhury. r.::. and J.,.:>odhi. 1979. l:.ftect of weather 
factors on growth of rice planted at different dates 
in an buIII1d trop1csl area. ,dso 2Eh 255-263. 

Cruz, !t.'f. and J.C.0"rool •• 1984. L'l'Yland rio ..... pona .. to 
all irrigation gradient at 1'lowering .tage. A~ J. 
76. 17a-1~. 

Dakalli.ftallU1'1;.by, c. aile ft.F.-Alpta. 1968. l"nctioal. 1ft eoU 
physics. IAftI, ~ew Delhi, I'i.tmeo. 

Uastane, N.G. 1972. 
1ft agr!cul ture. 



De Datta, ;;.K. 1970. Ibe envil'OftlHnt of ric. pl'04uotion 
in tropical rice. Rice production aanual. R4rtbecl 
edition. Univ. Clf PhU1pplne. and IfJU, ,}-67. 

De Datta, s.l':. 19a1. Princ1p1es and practice. of r1ce 
production. John' U6!y and Sona, New YO$. pp.9-41. 

De Datta, S.K., A.C.!auro and ".N.BalaOinll. 1968. !!;ftect 
of plant type and n1trogen lwel on the growth. charac­
teristics and grain yield of indica r1ce in th. 
tropic.. Agron. J. 60: 64;,..647. 

De ".tta, ~;. K. IiIZld ':. <. ',arate. 1910. Environmental cond1 .. 
tions affecting tn. growth characteristics, nitropn 
Naponse and grain yield ot tropical rice. Bio .. teoro1. 
4, 71-89. 

r .. Datta, $.1<., " .P.AbUay and. G.N.Kalwar. 1973. International 
Rice Research Institute, Loa BaDes, PbU1ppin .. , pp.19-36. 

De ;;'atta, S ..... and J.Malabuyoe. 1916. Nitrogen respons. of 
low land and upland rioe in relation to tJ'Op1cal 
envil'Oftlll€!ntal cond1 tiona. Page. 509-539. In. 
International r:'ice i1esearoh InsU tute, l.:11aate and 
Kiee, Loa Banos, Phll.ippln ••• 

>.J1x1 t, ". c. and i"../",.Singb. 1980. fi.e8pOrUi>e of r1ce to 
nitrogen levels I.tnd SOwing times. Int. Rice CO" 
nevlll. 30' ,8-42. 

!2.'beta, i~. and K.Nagato. 1967. :\i;?en1ng, cond1~ns aud gl'8.bl 
characteristios. Int. I'-ice '-0II1'II ••• ewGl. "p1. Iaaue. 
3yarp. Problems in d..,.lopaent and r1pening of r1ce 
grain. pp.100017. 

&rick .. n A.B., :.,.Kje:' dby and 5.Nll. ... 1985. 'Dl.,. effect of 
1nt~na11:t.lt flooding Oft growth and y1eld Of wetland 
rio. and N loa llIecheiP with aurf.ac. and clMp appli­
cation of urea. Pl.;.;oU 841 :587-401. 



FAO. 1985. FA(' l'on. Eull. Statist. 8(1) I 16. FOOd and 
Agr1cultural Organlaetlon of the Unita<l. Nat1on.S. 110_. 

Fager1ahN.K. 1982. \<:ater def'1c.1ency in rio. m CeM'adO 
so s and Naponse to 'p' pbo8J)hOrua. IRRI. Lo. s.no., 
PhUlppmes. SoUs and Fen. A'batr. "138. 

*F\.1jlwva, A. and H.lahlda. 1963. Nutr1o-pbyalOlogloal 
stud1 •• on the lOY temperature ~ rico plantae 
Part I. Infiuence of the low temperature t ... 1aent em 
the growth and nutrient absorption ot rioe plant in the 
vegetative growth StasH. J • .::.ci. ;:IoU ~. }/+. 
97-100. 

~Udyal.. C.P. and 't.K.Jana. 1961. Agl'O-_worelesloal 
env1l'OD1DClt attecting rice yield. ,~. J. 59' 
286-zU7. 

Gomez Y.A. 1972. Techniques for f1e1.d eJll)8l"1meDta with r1ce. 
bro.. Los Banos. PhUlp?in ... p.:n. 

Qopal .. "'amy. N. 1915 •. Stw:11 .. on .easonal atreu 1n rJ.oe 
varletie.. M.,sc.lAg.) thea1s, Ta:dl NadU A&d. Ull1v., 
Co1l!batore. 

Gnat, n.li. 1975. ~ce. Lonpan ?ub11ahing Co •• pp.600. 



Hayaabi, K. 1969. Ef.t1c1enc.1ea of aolar energy cOftT.rslon 
~d relating ~aracteriat.1cs in r1ce varietie.. f'roc. 
I.rop Sci. ;;)OC. Japan, 3a, 495-500. 

Hayash1, K. 1972. ';urJ"arlt deYelopllllmt and relativ. proltl ... 
Of rice varieties with high y!elding potential. Int. 
Rice Colllil. 1I8W8l.. 21, 18-;11. 

*Ho8hino, 1'1 Y.~tauah1I118., '1'. romite and .l.K11Nch1. 1969. 
Analya s of Y1eld-detemill1ng prooe .. end ita applioatiem 
to yield prediction and culture 1IIp~ ..... t of 1014and 
rice. LXXlCVII. ':'ombined effecta of air t.apenture 
and water temperature 1n the aee<ll1llg p.r1oda on the 
cllaract"r1etics of rice plante. Proc. Crop. Sc1. Soc. 
Japan, '81 ~Z7B. 

Hsiao, I.C. 1962. lbe eoU-plant atmoephere cont1Duwa in 
relation to drought and crop production. pp.'9-S2. 
Drought rellillt8J'Ce in crop. l'1th ~a1. em ric.. Int. 
Rice Ftc:. "~st. Loa Beno., PhUippil! ••• 

IHlU. 1974. AnnUal lteport fOr 1972. InternatlODal !tic. 
Reaearch Inst1 tute, Loa Danoa, Phil1pp1n •• , Pv.4s.63. 

IM1. 197~. Major rea.arch 1ft upland. rice. Loa Bama, 
PhUippiH.. 255 P. 

lRRI. 1900. Froc. ~ymp. At;l'OIIl&teorology of the r1ce crop. 
\~orld Meteorological Organiaat1on and Int.rnational. 
Rice ~8earch Instiust •• Los Bano., Philipp1nea, , .. 254. 

IMI. 1982. A.nnUal kel'ort for 19m. Intemat1cmal. Rio. 
Research InstJ. tute, Loa Banos, PhUippJA.a. 

IMI 1981t !Il2I'IUal Report for 1983. IntematlODal Me. 
• R •••• ;..m Inati tute, Los Benes, Phllipplftea. 



lruthaY&raj, M.R. 1915. StucU.e. Oft the influence of .edOn, 
water lIItInagellle!1t and n.ltJooge em the IJ'01Iftb M4 yield ;f anort duraUon rice varleUe.. Ph. D. '!beals, 
'amu. Na® Agrl. UrUv •• Co1abator •• 

lruthayaraj ..... n. and. Y.B.~'lorachan. 1980. Eff~ of water 
lllllnagement practice. and nltroge application on 
108.e& of nitrogen 111. low land rice. Madraa agrlc. J. 
67(8)1 502-505. 

lahizuka, Y. and A.Tanaka. 1963. StucU. .. on the nuU1.o­
pbyalo1ogy of the rice plant. Yokeft4o. rok70, p.307. 

Jackson, l';'L. 1973. ;;;011 chOll1cal anal7&la. PrenUOe Hell 
of India (Pvt.) Ltd., N." Delhi, 1)o~9S. 

Jha, K.P., IJ.Chandra aDd ~a1ah. 1931. IM'lgatlon 
requirements or hlgtl ylelcU.ng rice varieties grown Oft 
soils having shallow nter table. Indian J. agric. 
~ci. 511 1'2-137. 

Joetll, N.L. and K.C.:3hama. 1980. S011 rert1l11:y and 
chemical changes in r!c:e-lotleat ro~tJ.on. ArrI'1. asric. 
~ea. 1(211 141-147. 

Kanda. ~ 1975. t:rr1ciency of solar eell'lY utilization. 
JI'; syntbea18, i.lnlv. fokyo fire". 111 181-198. 

*'-'i Y S _4 tl.tle\I. 1916. ,wdies on tha effect ot CNlt.ura1 
• a.;';'" on rice growth and y1eld collpGUftta in Yeo ... 
reston. Rea. Rep. of RIAI'. 1JfIIII. Koree. 181 79-85. 



ltanakaraju, R. 198.5. Bffect of nltro,eD and we4 ..aasement 
eyat_. under water stresa !!It diff.Nllt phya.tolOgioal 
phuea ?"" growth~ Yield and yield co.., __ '. of 1ft 20 
rice. ,'l.':'C.(Ag.J th •• i. ,'_O, N-·· A-I Ua.lv Coimbatore. ' _. - .,.... ., 

Katare. R.A. IIftd U.'::.Upadhyay. 1981. Hoot studies in pa4dy 
under dUterent planting lIIethod.a and irrigation leYel •• 
Indian .J. agron. 261 240-242. 

"!Urn. C.l., J.H.Lee and K.Y.Jbuftg. 1913. Inlluanc. of 
envlJ'On.-ntal eondi tion. on the character1at1cs of 
aeriel parts of rice under different seallOftal CUl tuft. 
flea. Rep. of nur. :::.ev. Korea. 151 25-:54. 

Kobeta, :. and :0. I. TakaII1. 1983. Q.ra1n prodUCtion aD4 clry 
lllatoter 'OrodUCtion in rice <.5l.aa.ll&1i1Y.a L.) in ftapGlUe 
to _ufo deficits durinr. the llIhol~ tWing period. 
Japanese J. '::rop ;';c1. 52: 2$;"290. 

KulllDdalvelu, 't. and ;-..KallapP6. 1971. The reapOftlte of 
AM Z7 rice to nitrogen and epac1q. l1atlr.. aerie. J. 
581 703-704. 



Lill, s. and M.L.?etenon. '975. Low t.apere1:ure hlduced 
noret sterility in rloe. Crop SCi. "1 657-660. 

Looll1a, R.::>. and ';'.A."U11aJll8. 196}. Maxi ... crop 
pr-odUCtiv1ty& Ar, .ati_te. Crop SOl. }. 67-72. 

*LuG, :::.C., H.P.'.c" and S.S.lao. 1979. Ftmd."8'ltal res.archea 
tor higher yield Of rice in Taiwan. .studi •• OIl the 
ditterence of rice ripeuad rete bet""e8'l two crop a.tUIOft8 
~.r v.~ ~wth cCD41 tiona. National SOlenee 
"'OUftcU 'onthly (Taipei) 71 691-699. 

LuXClOre, R.J., L.l'.atolzy and J.Letey. 1910. 0XYPll dlttwUon 
in the aoU plant system. IV. Oxypn cOftC_tratlon 
pro rue., respiration rate. and radial oxysea 10aa.s 
predicted tor rlce roots. Agron. J. 62s '29-}32. 

I'Iachhl, R.~l., i' .. :;.Joahi, c. Raman and ;:'.L.I~aik. ,_. l:.1'tect 
Of date ot transplanting and 1&ula (If nitropil on the 
yleld of paddy (Var. Jaya) UDder partially !"8ClJaJ.med 
salina aolls Of coastal region. J. Indian Soc. iAutal 
agrit. Fl.ea., 2(1) I 1..4. 

"Mehapatra, I.C., ".".~;1ngh. R..S1ngb and I" .. 31agtl. 1913. 
bllVironmental reaction of .CIIIIe of the raleaaed and 
u.nr~l.aaed rioe CUl turea wder DalhJ.-CODdl tiona. 
(Unpubllab.ed report). 

Membell1, D. and R.Lal. 198}. l\eapeae of upl8ftd rio. vari.U •• 
to drought r.tl'E'ss. 1. Relation between root a,.tem 
~evelopamt and leaf water potential. Pl. SoU 731 59-72 • 

• Medal
l 

13.1'.. 1970. Growth analysi. of paddy cu1t.1v~ 
p anted every month in West Beftgal. M"Sc. (Ab J lbea1a, 
KalYdl Unlverai ty, west Ben$al. 

fIIani R. 1979. Studies on nitrogen U84t et~c1eDCY 1n low 
'land ric.. 11,,3c.(Ag.) 'l'heaia. l'a:nll Nadal Agrl. UnJ.v., 
Co1lllbatora. 



*Mat~l_. S. 1968. ';>ate1" and pby.101ogy Of Jad10a 
'(-" , ce. p.1 02-1 09. In. Proc. Crop Sci. Soc. JIlL 
.~Pee1l ~ laaue). Rice cultintion in SOIrth Eut 
..... a. ~o.ltyo, Japan. 

Mataullh1llla, 5. 1970. Crop Sclanoe in Rice. lbeol'1 of yield 

L
detenllinat10n and Ita 8I)pUcaUon. Ai,l PubUahing Co. 
td., Tokyo. Japan, ,.379. 

*lIl1lltaullhl_, :;. 1975. lbe theory an<l techn1Que ot rice 
culture. Yo Ken Jo, Tokyo, pp.136-212. 

*Matauahilla, ..>. and t.Manaka. 19'1. AIlalya1.e oL 4.wItlop_ft'tal 
racton de"rm1ning yield and yield prediction Szl lowlaDcl 
rice. Proc. Crop Sci. SOe. Japan. 251 203-206. 

"i>'\atauIlh1llla, ~'. and :;. 'ada. 1959. ArIalyalll ot dlrYeloPlIIIIltel 
tacton det(lllll1ning riel d 8ftd 1 ts appUcat10ft to y1eld 
precl1ctlon and culture impl'O'l-.nt 1ft low lD4 noe. 
i·roc. Crop Scl. :ioc. Japan, :tTl 6-8., 

Mohank\Ullar, 5. and Y •• fl. ;;:>1ftgh. 19811. Studie. Oft _ter, 
nl tl'OSilft regimes and weed control in upland ~ 
se&<led. rice. II, Nitrogen - its recovery an4 productive 
.t:C1clertey. Indian J. agron. 29(4)1 45)04~ 

Moody K 1977. Weed control in rice. Lec'blre 5th Btotrop. 
~..d ;:>ci. Cont. Coul'IIe, IClIUlelWlJ'UZ'. ~ayaJ.a, 12 New-
23 fJeC., pp.23. 

Moo J C aDd B S Vergara. 1964. '!be aayl ..... t ot .. ;~i~ rice' p~ct1Oft. ~.rel Hutn uon .f the Ri_ 
Plant. lb. Jobna lioplc1ft. Preas, Wu. .... Mer71aa4t 
U.".A. p.1-H. 



Moom~ J • .:., f'.~.Bal.dazo IIl'Id L.Luc ... 1957. Effect of 
... paning p~rlod environment in yield of 'tropical rice. 
Int. Rice -.0-. Newel. 51'1. lasue, 16, 1e.25. 

Mos., ,;.1\., h.B.,'luagrave IIl'IQ "'.h.LeiaDn. 1961. fboto­
synthesis under fleld condit1ona. III. s.o.. effect. 
or Illllht, clU"boB dioxid.e, '-Perature lIftd soU mo1e1:ureo 
on photosynthesis, respiration and. transpiration ot 
com. Crop ;,cl. 1: 63-87. 

·'Iunekata, K., I.Ita_sakl and K.Kar1ya. 1961. iJIleltitatlve 
studies on the effect of c11lllatic tactora Oft the pro­
ductivity Of rice. &1l.l. ;';hUgoku Agric. l!;xp. stn. 
A14: 59-96. 

·''Untll, Y. 1961. ::·tudies on the photosynthesis of rice 
plant. and ita culture &1gn1f1eanoe. ~. Nat. 
lnst. Agric. .;oi. D. 1.169. 

:1ureta, Y. 1966. On the innuenee of !JOIIl!' !'!!Idiatlon 
and air tuperature upen t..'l.e local <l1Uere0e8 1n 
th ... pJ'Oductlvl ty of paddy rice in J span. Proc. Crop 
~cl. Soc. Jspaa. "I 59-63. 

t\mat Y 1915 t<.et.-tion aad slaAlat10n of rice 
!le1d troll' cu..tic tactors. Agrl. ~woJ"Ol. '" 
H7-131. 



Murata, Y. md Y. TogarS.. 1913. AnalyaJ.. of 1:he ettec:t of 
eli_tic factor. upon the pl'OducUvJ.ty ot rioe in 
Jd1tte~t 10«'.al1t1e" in Japm. Proo. Crop 301. Soc. 

apm. ..11 372-387. 

Murata, Y. mel ::'.Matmaab1lla. 1918. RJ.CIt. In. C~ 
~YII101ogy..So_ cue Matorl ... L.I.l': ..... (eel.) • 
..... bridge 11rI1v. Press, Cllllbr14p, pp."'_100 • 

.. l'Iunlya ... N., M. YOIlb1Do, ;.;. (J1lh1laa, s. TII\.lI!tehAre aDd 'f.K.".,.... 
uki. 1955. Studie. on the eCCWU1at1on pl'OO". ot 
c81"boh7l1ratH _ associated with grovth ot rioe. Dull. Matl. 
Inat. "gric. ;:.c1. (Tokyo), B, I .. 123-166. 



layak, ;'.l., ?;~.S.l'Urty IIIlIi K. $.l'tU'ty. 1919. Pboto­
.""theae IIIlIi trenalocat1on 1ft rio. dUrina ripanJ.rl& 
~ 11n.1'1"eftCed by ditt.ren't l1Bbt in'Mn81 ti_. J • 
.. "e ear agr:Le. b101. 81 23-25. 

*N1IIblyame" I. 1965. RelaUon between riCQ yWd IIftd photo-
8""thet1cally active radiaUon dUring the aeecl ripen.an. 
~tage in .elected prefaoturea in Japan. J83).e •• J. 
I..I"Op Sci. 541 6-14. 

Osada, J..., \v,.NiU'tIl and n.Chakrabedbu. 1m. 5eaaonal cbIIIlg .. 
1ft growth pattem of tropical rio.. II. ~'tal 
facters at!ecting yield and ita eC'lapGllllllta. Proc. 
Crop ~ci • .>00. Japan. 42' 351-361. 

O'Tool., ,T.C. and J.L.Ped11la. 1984. water deflc1ta and 
nitro~ "ptake •• affected bl water tabl. clepth in 
rioe \ma&.Idba L.). Pl.:.;o11 80. 127 .. 1)2. 

Owen, p.,:,. 1911. The .ffect of telIIpel"llture on 'the ~ 
and develo~nt of rice. ?lei. Crop Abatr. 2It( 1) I 1_8. 

Owen P C 1972 Utect of n1E;ht te~ratuJ"'e on DOYtb an4 
t ~.iop .. i of Ifi S rice. :2.xp. agrio. 81 2'I3-21a. 



Patel, C.L., 1.l.P.i.Jhlldyal and V.:1.Tollllr. 1984. Nu'tr1_t 
now ntflfl in rice roots UDder varying draSDag. 
condi tions. Fl. Sell 77: 243-252. 



Patrick, W.H.Jr •• W.A.Ou1rk, III, J.F.Peterean en4 
M. t. Faullaler. 1967. 1'4tltCt of coDtiDuoua -bIIieJ'sl!lDC4t 
versus al temate nOO41ng and dJ'Ying Oft arowtb. Yield 
and nitroglll'l uptake ot !'1oe. AiJ'ODe J. 591 ~18-419. 

Patrick, .... H.Jr. 8Dd I.C.iliabapatra. 1968. r ..... fl:»l'IIatiOft 
.. d &'VailabUlty of rice altl"OSIll'l _d pbollPMJ'Ua in 
wate:r-loUed aoUs. Adv. Agron. 20, '23 .. '59. 

·Peterson, F.J. and W.H.Jr.Patrlck. 1968. Eft"'t of d.n1n1ng 
and r-eflOOd1n.g • rice field. during the gro¥i1l& .... an 
en the yleld of 1'10.. Ann. Progr. Rep. LouSeS •• 
Rice E.xpt. Stn. 57& 98. 

Phem ':iy 'Ian and It..Go.PUla1. 1981. Studie. OIl Il1tl"Ogec 
IIIf.onagelllM1t pt'actlcea tr.r 1DIp1'OY1ng th~ r.1tro,en UK 
ettlciecy ot r10e under different ayateM ot water 
lII.uag_ent. IMl ADmaal Repwt, Loa Ba._ .. FhU1pp1ne •• 

PUlal, Y..G. and ':. :le. 1979. Mineral 'I'11trc~ .tatus of 
noU, lear nitrogen COfttmt and grain yield. of ric. 
variety '3.,.' as a!fltCted by vat.,. and altn»pn 
fertilizer management. Fldo Crop. Rea. 21 125-13'. 

PUlal. f .• G. and ".:)8. 198Ob. Nutrient uptake of rice 
veri.tv 'Jaya' at difterent level. and t~ of 
ai trogen application under t'AC ayat_ of water 
~t. Proc. Indian Acado Set. (Pl.So1. J, e:)l 
257-261. 



Hejagopalen, K., l'.Narayanaawamy _ t-i.L.i'.waler. 1913. 
Yield potential of 80l1li IHIU varbtle. under difterEftt 
dates of planting at Coiebatore (1'_1 Nadu. India}. 
Int. Rice Com. Newsl. 221 1-8. 

Reju, '",A. and J.e. Vama. 1979a. !loot dUtrUutlon and 
root blollllla. produCtion of rlce uader d1ttel'Wl\ soU 
vater reg1lllea in entlsob of nortbem lnd1a. IRRJl. 
4(5)1 23-24. 

~. B. 1_. food grain. prodUet1Oft, in India. 
State Benk of India, ,'ion1:hl.y '{mew, 23{SJ I 221-231. 

RarDen_than, ;('.M. 1985. ".:.trect or altrosen applloaUon Oil 
rice yield \Ind." drOU8ht. 1100,. 10(2)1 25. 

V 19~ ii.:!t&Ot or recyel1Di of orpnlc ...uduea RaMa:'low·laDd rice. .,;'30.(Ag.J Thew, 1'atIil Nadu Aar1. 
Univ. t Cc1lllbetGre. 



il.edd1, v.X.,'. 1976. ;'lanagement of 1n"lgation water. 
I •• f ..... U •• hyderabad. pp.1o..16. 

Reddy. :,."'. and ;;. " .• Hussein. 1983. Ltfect of .topping 
1M'lgat1on at ,1.1!ferent times after n~ on growtb 
and yield of rice. The t.ndb,.. asric. J. 30(2) I 12a.130. 

!\eddy. !. y. 1985. Irr1l:at10ft. and ni trog!" levels Oft growth 
and yield of rice. Ph. ,-. Thesis, . _1 Nadu A&rl. 
Un1v.. Coillbatore. 

How. 



58h, ,-N. an':)' r.:;.:'l1ltlte1.en. 198,. AvallabU1ty 8I'l4 
utU1utioft of r.rt1l1.er Ii by 1"10. UDder altemate 
noodlng. Pl • .3oU. 751 227 .. 234. 

8ahu D.N. and '>.?Raut. 1969. ,'.ter requirement end reapon .. 
• of low land rice to nitroS_ and pho8J)bate at 41tteNllt 
80il lIDlature reg1me. lnd1an J. apcm. ,ltl 46-". 

Sahu Q CH.N.ReO and K.S.Murty. 1983. Iatlueace Of t ...... • 1"IIt:.u.. and solar radiat10ft OIl jp'Cwth and yield of rice. Cry... 20. 51-54. 

'&1 MeA. 198ft r.rt.Ub.,. baeCtlci4. 1aterMlUona 011. 
S tIIIlrowtt> root aotivU;y and yield of low l_d rio .. 

Ph.1.>. bale, l'uJl NadU Aar1• Un1v., Coillbewre. 



;>endhu, E.~;!t V •• L.l(hera. ;J.';;.Prthar IID4 B • .;;Jaa;b. 1980. 
IlT1geuol'l needs aM yield ot 1'10. OIl a ea11d7 10811 
eoU .. affected by ccmt1maou8 ad JDtend ttant sub­
DleJ'gec.. Indian J. -polo. Sei. 501 492-496. 

Sethi, :£..n. 1985. IntluertASe ct 1'1'" product. OIl aitl"Ogen 
u .. efficiency 11'1 10.: lllllCl nee. M"So.(Ag.) ~a1e. 
£am1l Nadu 1\S!'1. Univ., Co1lllbe.toJ'e. 

'lato, K. 1972. Growth napOIUIe of nce plante to 1lIlY1ron­
awmtal coru11t1Ofte 1. 'lb.e ettect& of air taperatun on 
growth at the vegetative stage. Proc. Crop Sci. SOc. 
Japan, 411 388-393. 



Shaastl'Y. S.ii.:>. end \<'.R.Fre.en. 1971. New ~ rice 
varieU.. tor India in tbe sweatt... All 1ft41a Co­
C1"d.1nated Rue IIIIpI'W __ t Pro~eet. Publ. No. 26. 

Sheik l)awOOd. 11.. 1986. Imptioh aIld nitro,. ........ t 
tor lOw laM rue In three meJor r1ver valley projeet 
RH" of TamU Nadu. Ph. t". lhea1a. Tamil Madu Alrl. 
thUv., Coillbetore • 

.,!kd.er, Il.p. D.I(.f.<Jupta. 1979. Ph)'lliology of gn1n 
rUling In rice. 5. Ct!ecta ot aea.on and. tertUlzer 
on gra1.n .f1lling in rice. Indian agric. 2J I 11-23. 

Sinsn. fl.. and RoA.PIll. 1m. A DOte OIl tb. :r'eIIJ)OIl8e of 
transplanted rice to n1 tS'Ogen and _Ul" ~t 
~ract1cflG. Indian. J. agron. 181 '516-377. 

s~. 2,.,. and U.Slngh. 1m. ~ttect ot dift.NIlt leYe1ll 
of nitrogen. plant popul..t1OIl and dU't.rent water 
reg1lllea on grain yield of rice varin), J..... lftd18l'l 
J. agon. 18: 445-449. 

SJash. C,I', 8l'ld t.IC.Carg. 1983. ,:;freet of diU ..... t .. tbod.a 
of planUng Oft the yield ot pacldy. J. Rea. PuD,1alil 
Atr.lc. :Jn1v. 201 5C3-509. 

51ftstl C.,'le and ;;.r.wur. 1963. rutrcg_ tertil.1zaUon in 
trenaplanted rice. lRRN. 8(5)' 27. 

S1atlb U B and (J Paliwal. 1980. :.ftecu ot diU..,..t 
det:'" of aowing 11' JlW'Hl"Y and ftivoglll lwe1. Oft rice 
yield In Ra,jaatbat. IbdJ,_ J. agron. 251 ,.,a.,I1. 

K c B 'l'haIcW' and R"p.:>1qI:l. 198}. Reapou. ot 
SinB;llri!; i: dirterent aOW"Oea and rattM of ftitro.-. 

Oryu 20. 2'47-2U. 



"SlDha. S. ".,f J.K.f'etnaik and 1l., •• Mahapatra. 1911. Respons. 
or iDQ10a rices to seasonal atreea eftd bree41na varle1:S. •• 
tor poat flOOd cropping. Syap. on rice pl'OdUe1:S.on \IIl4er 
tIlvlroftlllefttal stres.. Abatr. of papa ... , ••• 

Sinha. :;. it. 8I\d S.I:I15.... 1985. P.l'toraenc. of 80IM new 
rioes in ~rah. IRRN 10(1). 4. 

31vanappan. R.K. 8IK1 r;..S.A.3aituciee\. 1976. "'atel' 
requ1nmeftt of rice. In rltth Annual Report tor' 
1975-76. tamU New "61'1. Unlv •• COl .. to .... 

~,lVIllZl4Pp .. RoK.. cd P.K.Uyuamy. 197&. Coat of vell 
VI. ter In Co1abatora re~ Irrlg. _d Power .I 0 

351 509-514. 

Solll8aundll!'aDlt p. 1981. ~tulU .. on tbe e1't~ of p1804N1l111t 
of treated urea fertilizer em 1"", lGc1 ric.. X.Sc. (Ago) 
Theda, TuJl Naau A£1'l. Un1v •• Coiabatore. 



Sten8al, J ••• 1966. R!.ce aM. liPt. Rice J. 69' ;,0.32. 

*StanAel. J.w. 1m. E.ttect1ve utilizatie of 1ADIl1sbt. 
In t Six Decadea of Rioe Re.earch in Teaa. 'lbe 
I.xu Agrlc. 1:.xpt. ~~t1Oft. Rea. I'loftognpb 4, pp.4"~. 

Subblah. I'..l. 1976. Jtudl •• Oft the efftlC't of OOI'ltl.maowJ 
CJ'OIlping of :rice in re1aUon to 1I011 8ftCS cl'OJ) yleld. 
Ph. c). thes1a. 1811111 Nadu Agrl. U1l1v., Colli_tore. 

Sub~an. :.>. en\.! ....... lhOl\~tbu. 1981. tUvo._ 
~t in low land rioe. 1 .. 1 Na4u AgI'l. t1ft1v., 
Co 1lIIbetore, P.' 2. 

.... _._,.... ";.f B.G.RaJahId'ul-.... i"ioN.VI'Dka~ 81\4 
--1'-;-~Xu1kamJ.. 191J. Ut~t Of plct1a& data Oft \be 

• rt ...... of ceJ"t81n .1li{)oa.1cll an4 lftdica var1e'Uea. 
~,.ore J. aerie. :';01. ,. 6-14. 

198' Growtb character1atioa U4 41'7 _~Wr 
SWUk1;":;'tI.oD·Ot riOe plent. in the waI'II resJ,ou of .1..,.. 

JARQ. 1,. ~105. 



1'ak.81_, H., E..Haeda lind l' • .:leto. 1961. Stu41e. _ th. 
etfect. of 8011 ~aRpel'eture 011 r10. plant powtb.. 
1. E:ftecta of 8011 t41cape1'8ture8 upon growtb reaulat..tna 
subatancea and the _tabo11elll8 of carbOhJISNw. aD4 
ftitroglll.. &Jl.l. Y .... pta Univ. (Agrlo. Sci.) )(,) 1~3-ItOO. 

Tanaka, A. 1965. Plant CbaJ"IICtel'S related to Il1t1O ... 
reap_a. in nce. III I 'llw 1dIl.1"81 DUtr1t1oD or the 
ric. plant. Proc. Symp. at IRI".I, t.t ... lla, feb. 1964. 
BalU.,re, ; 1ary1aD4 I JobD Hoplt1a. Preas. 



*TOgar1, Y. aDd Y.KuM.kawra. 1958" .i>tud1 •• OIl the 
neril1ty in rice plant 1a4uce4 by IUptn" .1:Iundat 
nitrogen eupply and .IaIsut't1c1ent l1&bt .t.atelliq. 
Proc:. Crop Sc1. Soc. Jap_. ZT. :5-5. 

1'OIZIIlJ'. V.!;i. end L.t>.t:alU4yal. 1915. Re.l.~oe ot 'Water 
tranapot"t in rice plenta. Agron. J. 67. 269-ZT2. 

VenkatellWtll'lu. B. , Kotuwara ;{eo and A. v. Reo. 19'76. Canopy 
analye18 Ol\ the re1aUOl\ betwHft LAI aDd pl'OduoUvs. ty in 
low l_d rice (.5!aI&.IiliI.D 1..). Pl. 5011 It,. 45-46. 



*Wada. G. 1969. ,lhe etteet of nitrogenous nutl'lUOI'l on 
th. Yield d9teJ"l!d.a1ftS proo .. a of r1ce 1)1_,- Bull. 
Nat. lnat. Agric. Sci. TokJD A161 21-161. 

*Wada, ;;;. 1970. 01stribution of pbotosyntbat. 1ft the rice 
plant IU. "fteet of the time of appl.1ce:Uoll of 
nltrngen in the dry weight ratio ot the ..,. to ahoot at 
metl.t!fty ot rice plant. Pl'OO. Cl"Op Sci. SOc. Jape, 
29' ..... 32. 

·Wan, "_ 1919. i;ausfla ot low yield of the second rioe crop 
in Tahan aM the _uuree of ~"" __ t. laa s.ma­
Ching Hsieh Sl1 Dab-Jlan.g L1a (eda.) National Sc1eoe 
~cU. Taipei, Ia!wlIn, p.15-20. 

*Yamaka."., H. 1962. ~;tud1e!S on the eeologJ.oal variations 
of the growth of rice pleta cause<! by the tlh1ttJDt: 
of cultivstlon .eaeon 11'1 w.rm region in Jape. Agrlc. 
Bull. Saga Unlv. 1lu 2>0159. 



IOGh14&, ;;. 1978. lrop1cal cl._te and 1U tntlunce 
Oft rice. IHiU Heal. Paper ;3e1'. !Iio.20, p,.1-25. 

Y08h1da. s. 1981. fun4a_tal. of r1ce crop 1101_8. 
Int. hie. f..ea. Inat., Loe s..oa, Phll1ppSn .. , 9.41. 

Yoshida, ::. BIll! B.~.Jr.Padre. 1975. F4tec't ot ora-1c 
matter applicatiOn and water reg1ae. Oft tile tlWl" 
tot'llllltion or tertU1zer n1tsoopn 1a a PbU1pplae eoU • 
. >oU Sc1. Plant :iutr. 21: 281-292. 

Yoshida, ',}. and V.'l.farao. 1916. Cllaat1e 11lfluec. Oft 
y1eld and yield cOlllponents of low land rio. Sa tbe 
tropics. page. 471-479. In. Iatemat1Cmal Rio. AeatlUOh 
%nstt tute. (.1.1mate and fi.1ce. Loa Banoa, f'tiU1pp1n ••• 

Yoshida, S. end T • Hara. 1917. i;,fleets of air tellperature 
eftd l~OI'l grain tUling of eft J.D;Uoa and a japGftica 
rice L.) UDder controlled erw1Jooamental 
condi Oft •• ~::;Ci. Pl. NutI'. 231 93-10'7. 

,. Originals DDt .Hft 


	00001.tif
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.tif
	00035.tif
	00036.tif
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.tif
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.tif
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif
	00104.tif
	00105.tif
	00106.tif
	00107.tif
	00108.tif
	00109.tif
	00110.tif
	00111.tif
	00112.tif
	00113.tif
	00114.tif
	00115.tif
	00116.tif
	00117.tif
	00118.tif
	00119.tif
	00120.tif
	00121.tif
	00122.tif
	00123.tif
	00124.tif
	00125.tif
	00126.tif
	00127.tif
	00128.tif
	00129.tif
	00130.tif
	00131.tif
	00132.tif
	00133.tif
	00134.tif
	00135.tif
	00136.tif
	00137.tif
	00138.tif
	00139.tif
	00140.tif
	00141.tif
	00142.tif
	00143.tif
	00144.tif
	00145.tif
	00146.tif
	00147.tif
	00148.tif
	00149.tif
	00150.tif
	00151.tif
	00152.tif
	00153.tif
	00154.tif
	00155.tif
	00156.tif
	00157.tif
	00158.tif
	00159.tif
	00160.tif
	00161.tif
	00162.tif
	00163.tif
	00164.tif
	00165.tif
	00166.tif
	00167.tif
	00168.tif
	00169.tif
	00170.tif
	00171.tif
	00172.tif
	00173.tif
	00174.tif
	00175.tif
	00176.tif
	00177.tif
	00178.tif
	00179.tif
	00180.tif
	00181.tif
	00182.tif
	00183.tif
	00184.tif
	00185.tif
	00186.tif
	00187.tif
	00188.tif
	00189.tif
	00190.tif
	00191.tif
	00192.tif
	00193.tif
	00194.tif
	00195.tif
	00196.tif
	00197.tif
	00198.tif
	00199.tif
	00200.tif
	00201.tif
	00202.tif
	00203.tif
	00204.tif
	00205.tif
	00206.tif
	00207.tif
	00208.tif
	00209.tif
	00210.tif
	00211.tif
	00212.tif
	00213.tif
	00214.tif
	00215.tif
	00216.tif
	00217.tif
	00218.tif
	00219.tif
	00220.tif
	00221.tif
	00222.tif
	00223.tif
	00224.tif
	00225.tif
	00226.tif
	00227.tif
	00228.tif
	00229.tif
	00230.tif
	00231.tif
	00232.tif
	00233.tif
	00234.tif
	00235.tif
	00236.tif
	00237.tif
	00238.tif
	00239.tif
	00240.tif
	00241.tif
	00242.tif
	00243.tif
	00244.tif
	00245.tif
	00246.tif
	00247.tif
	00248.tif
	00249.tif
	00250.tif
	00251.tif
	00252.tif
	00253.tif
	00254.tif
	00255.tif
	00256.tif
	00257.tif
	00258.tif
	00259.tif
	00260.tif
	00261.tif
	00262.tif
	00263.tif
	00264.tif
	00265.tif
	00266.tif
	00267.tif
	00268.tif
	00269.tif
	00270.tif
	00271.tif
	00272.tif
	00273.tif
	00274.tif
	00275.tif
	00276.tif
	00277.tif
	00278.tif
	00279.tif
	00280.tif
	00281.tif
	00282.tif
	00283.tif
	00284.tif
	00285.tif
	00286.tif
	00287.tif
	00288.tif
	00289.tif
	00290.tif
	00291.tif
	00292.tif
	00293.tif
	00294.tif
	00295.tif
	00296.tif
	00297.tif
	00298.tif
	00299.tif
	00300.tif
	00301.tif
	00302.tif
	00303.tif
	00304.tif
	00305.tif
	00306.tif
	00307.tif
	00308.tif
	00309.tif
	00310.tif
	00311.tif
	00312.tif
	00313.tif
	00314.tif
	00315.tif
	00316.tif
	00317.tif
	00318.tif
	00319.tif
	00320.tif
	00321.tif
	00322.tif
	00323.tif
	00324.tif
	00325.tif
	00326.tif
	00327.tif
	00328.tif
	00329.tif



