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!Sat.,.. -"... to lilt •• or ..... ~ ..... tule 

pro_1.II 1'01' .. ~OII at 1841 ..... OOau.IIt. as. 
paiD lea- Sa .ulU ...... UJ,J 1.11 t1ft7 ""NO o)lfta4 

""1' the wol'14. ~ JIZ'04_Uoa o~ ~. 01'0, oxHD4. boa 

AutraUa to SoUb A.-ziOa oo ... r1Dg oo_'b' •• UD LMe, 

~18a4 to Al'pD'U.oa, ~.4 , .. _la. 
__ ntbou6b U. OIOP 10 OOftl'1nS t _ ~ wor14, 

n1Det)' par .. '" ~ 1_ PI'04_Uoa 1a 1.11 IDcU.a. O~cl 

to India, .. proc\llft1~U7 Qllltaa '0 ... OOJDpI.raU ... J,J b1ah 
1.11 ~ aact p*,nt •• RI~ ... 1.11 the .... ft\I8,ulc1 

tftJld ... 1661 ... 21M kg.he-' •• ,.eti"'lT. 1'bt .... mp 

IDaiaD plO4wnl~U7 U oDlT Uout m q.1a -1. Daaoe the 

.... 1V to 1De:raG_ ,hit ,.]4 U ...... 1,)' t.lt 1.11 tho UBh* 

~ 1nOreaa1Ds popula1on pzM.u:n. Bat .. 1atODlAUon 011 

tbt pb.JolOlos~l ooutra:LrrU ~Ol' the UOrs...,.c1 ,104'aUn'7 

ia '"17...... RlaJteial" ~- laoaaM, .. oro, hid 

..... .......-. ....... no,1D IOP.lSA'f (IatemaUoal 

ClIO, Btoaanb IMtU ..... , .. 811d.-AzU tropA,M>' 1Il6e1'Ua4. 

III .MiU_. '"17 aott ..... hal,tal ~ oti'Ol't ... 

t.a m. ..... 1.11 __ tnUa ......... raa.. 1'01' taen .. t.ac tile 

PZOOIblotiY1.,. • 

1 __ ,..,* ........ pzo4..u.ft" _.1_ .. , .. 
...u. .. fd _, .... ...,_ ..... ,_* _tau-. 



• lieU n8JlCllllM ..... 17 .... ut ... '0 .. M .......... * .. 
lIB ......... tIllit u:l8t 111 diftea.n ........ JIIICN).J.a&o , • 

.... ~tu Jlegto.. Bar .......... d1.ac the pro4 .... 

tlY1V 0CIII8Ua1Dt. ill nDh _ thoH .1"uaUOIIB .nUoatt4 

aboft t it S8 pa:N8OwR to cl.llaaa_ ... pbJ1Iiol~nl 

_abeD1 .. wh1cm ant n.pomibl. fbI' .UGh a behaviollZ' 

peHem 1D ... plam •• 

"'ping b &borG OODOeP' ill view, b fbUodng 

ob~.ot1.,es heft been e!l1'ma1'kad 1D • exparimantB to be 

tm4erinJen. 

(1) '!o e"'Sate am _eeure tbe yaziaUon. ill t. 
11e14 1D clift.rem .. !U,OO .... Uh eapbau18 on tbt i_aU­

tio.1oa o~ the wat.blr ,.... .. re ooat~ tbr 

1Dene.M4 IH14. 

(2) 1'0 &tllaall" tilt pblnotnlo ohIlraotera Do. 

Gzpl'8l11lJi.,U7 i8 .oa1to:recS ., ell'fi.rODlBD'M.l. ftr.1a~to_ 

(3) it» Wt4.rlt1as Jlbl'ldo1ogteal _ota.i .. wtat. 
1.IIIfl. __ tbe 11.14 nrtaUoae Will also lie ftoop18ecl. 

b _laUo_hip ol ,be al_re4 pbJalolQ81Onl ftaoUona 

'0 • 11814 cU.t_ftDOee thmU6h tilt pblnot7p1o ohnbote1'8 

w1U .,. pu .. i_cl. 



(4) 1'0 ... 81IH b ..... ~ fta1tUl V fill ... 1'1_ 

pb,J1I1011tCion1 aaa fP.'Owth atV1but1t. ,_t ooat1'1bllte towuta 

iDOre08e .. 4eereaae 111 'the 7»14 upreaa100 0ft1' _oeou 

~rougb .u1toble ct.U.aUoal tool •• 

(5) To 4mw out -oeaItf.\17 ~""DOeS tor 1Ibe 

es1aUns produeU'l1V J.nrel.a aD! also tIlggeot au1tabla 

ollrotepee tar the fUture erop illpmYeaent. 

'l'bt au~or will ,..1 ez1l __ 17 pa,Sfted it ~ 

ldnI! of on appzoach could .lieS.. autf1oS.llat 1DfOl'EU,OD 

t10m tbe orop 11Idioet1Qg _f.lBODD fw tm 101J prodwl'tiv1tl. 

Furtbe r bI Will _0 l' a ft'IftU'd, it ~ stuq Oatl stirJlala1le 

e1mUar iDterelllt 1n 1Ibe ~olOS1oal ruootioD1Qg at other 

crops where pl'Oduotiyit,y plll_au Md almad,T 00lIl lDto 

ex1.atatlOlil llIBking it d1ft1oult 110 achieYO furt: .. r b"ale 

tl2roQgh8. 



REVIEW OF LITERATURE 



!he ooavtbaUClDa 01 •• rUer l'OIte8rOber8 _ •• 

pbplolos1eal BDIIl,Jllu 01 pSeeoapaa (oa3alM I!!.ts (r..)Jd.1t.p) 

alii 1t. "1IpO'" " dltfQl1nt date. at ..,lag aa lan ..... 
1»1 4ay lellSth. '8Ilp81"8ture aM .. !All' radiaU. are J'e"flewe4 

la til'" eblapter. _ e'a parpaee, preeenatlon of ~ .. 

UUd. 01 thoqht. have alao ~en "'tlllpte4. 'Par ...... n ...... . 

the llteratUl"O 8&rnyed 18 gl'Yen ..au dUfe1'8!lt headl ... . 

l'ooaologf.oal "..,aloJaent 

Pbe801og. ;?beao~ 18 the .tad, of tb. tilllDa 01 

J'eOIlft"iD« netural pbano8t. lit ~a. eapaola1l8 1ft ... 1at1Oll 

_ ou.u. C1DD41UOII8 (LBrob.r. 1980). Pb01Ioperf.04 Ie .ne 

of the tacton 1ft the anvbDnment vh1eII. 4etea1ae. 'hi are8 of 

84aptaUOll of OI'Opa. fullPsratlll'c ~ bad 'beq IaIowD to Bft .... 

tbe adaptab111tJ of • 't't!rle_. '!'baretOlL'll, 1t 1IJ8(j .aent1a1 " 

la'epate tblt latlu ... ot }lbo_period .c1 t_pe_tan to tau, 
DD4unaad tbe efta.t 01 ollllileDa_t 011 tl.....nag ('AUla 

1111., 1980). file pJ.geaap- ..... aat1tatlYal1 .bOrt _ 

plant, aid U. pbeD01o&v 18 ~ lIIt1Dltn0e4 \), photaperiod 

(Speaoe .. w11U._, 1971). 

ib. 18" of dtrnlOJlMDt at the tlolll pt'1_U ... 

plptapla ....... _ with _:roe .. 111 lto. 48,;' 10" •• 4 

tOIlP ....... (tanballl1!le. 1980). Datta 8114 AMtS4Q (19'10) 



o'beG1"'f'e4 tbIl, tlGllftl:'1ns period 8ppeancl to be 1atl.uellMt '" 

weether oeDdltlOlUt. '1t1l regard to 'W'llrilitlon 111 p1&otoperiOlJ 

ua tellllpel'at .... sw.e:rtle14 aad lUaohb (1916) • .......,.., 

tbat pIIowperiod aDd hap8J'et .... sa ita. arid IIDd bad4 ..,Ie. 
nrt", ol.gDlfteetl,. na, lentJtIl aloe Tad'" reau1.ar40 with 

latUuc1. aftd ,oar (tawn, 1980). PbsaolOSS' aDd .. ptaUft 

growth we" 1bfioo_ed 'bJ bba1DporSod 1£ tllllpeH'tue lIrtU'llOUoae 

and tbUa aov:lDg date and 1.~1tucl. (tll118 11!le. 1980) 

... _4 w dOll1n8to tbe aboye pe..,...tera. 

PbotopedOd 

7'hc ... t 81lJDUi.aat OODU:llNJtloD to be lIIIde to 

pl6eoftpea lapt'onment 10 the ahOl't 'lUll ... the Pl"GIIloU .. ., 

GIIOJI pbeaoleQ 10 parUoular en't'llrOMleDt. (r..awa. ,teO), 

PheaOlog ... 8~!Ort 4111 plllee8 hpeD4el OD eowtr.Ig date and 

oalU.,.1' .twr:f.t, "po CliMm !1!l.,.. n11). Thoup a OOt6l1la-

UOil of pbOtoperlod1c aDd teeperatal". eft." .. tho t ..... f 

flowe1'1ng aDd 1IIItUZ'1'1 of pipaDpea calUyar. 001114 be ... riel 

1IOHItd1aa to tb. date of plJ1IItttag (Derleax 1m, :.k1D01a aDd 

\''h1''' ... , 1914). s1gft1f16aDt 1af1 .... O! 4ate O! ......... the 

pbe .. l. .f plgeollpee fi8 alao reported bJ _ny autluw. 

(RloUaDo 11 !l., 1962, Coo41ag 1960, dallSa !1 !l., "1'.5, 
AlIr_. 1975, Qowda aDd laull. ,.>. Geaerau". ,be late 

_tlll'lag eattl ...... an ...... 1'I01U .. to .hea'tu ..., 1ea4rO ...., 

eu1l -tad .. tnee (_tIl.tl., AftOll., 1916). De7 leqth ha4 

• doa1Mlr\ 11at1Il ..... flIOWtb 884 ,leU, ... PW' of tbs.a .UM 



.odd bIIn lie .......... to ""UU. IG1bq tbQ ... 

perle« (BaaonO •• 1911). ..a1'l,J nfIWeriIII .... 1' .barto ., 

1eD1t!a oClllllltl_ 1111 to na ..-d .......... " et 11 ... 'Ill. 

4.nlope4 ,. pl.'" (WalU • .1111., ,.). 

Thl1l'ii wee "U.IIO .. tbat .... U powtb .... 1DD.ae .... 

bl t_perut .. nriaUo ••• liCpGrMD_ U 41ft_t ...... 

4ate. (Ak1Do.i.a el flbit .... 19.,,). Iba pwtll __ 

&\epa4 .. UJ*l •• utuaeU • ., taperet .. with a.ag 

dat .. (1'1Ikl, '9'" Sbe1UGlte alld Jral'Gl-a.1919a, Lewtt .1IIt 

B.rth"977, On., .11 a..1m, Wal,lla .11'&'.,""'" bl.,m). 

nel1010g ".. tal_ ll1flaa_ ., ~10ll x t .... 'It .. 

111tal'aot1ClD.. II "Ua ..... e of :pbaolara ... exuo-l,J cUwan. 

pro4lletlcm ........ po..s.l»le l.D piclODpea (saxa. 11 a.., 
1980). Tha reta of o_calo 4 .. elopal!lll' 111 plll_ •• ".. npete4 

to be aeD~ "D_U •• to taperata:fe. !be ItO'" fll'fO .. b1e 

teJIIIUB'" Z1IJ8. ftt: GIrOJIlJ'OWth 18 19·...".0 bat it on to1ezoatt 

t_p .. t ...... UlaU_ 1t ... 1~C ..ad 4C)IIO (Pat ..... 1910). 

~ezoat ... wa •• e 4~ ' .. tII' lIIt1aeaal_ th. ~ 01. 

487- 1... ......... to 11aara1 SJdUaUCID. _cO.UIII , • 

• p ___ ".11 (0 per 0911t of the total .,.dat laD_ OOtI.PINd to 

10 pel' oeI!t 4 .. to pbOtopedoil. IaoI'e8elltC altha t!wl .., _ 

th. asp. 'a..,.J'8'" 4el.,.. a..l laiU."_. !be peate .. 

tel.., __ ........ tile _t wUel3 4mr.-, "a,/alfld ft •• -

, ... oo!ll)uatl... !be ten ...... laat1oD wa. '2/'''0 t. 
487 ... zqltt t..,.:ret .... .,.n~ (!lllHII11 U .... 1980). 



... 0001 'o.zoat .. eoQlod with 4 ..... l1li _ 
1 ...... a.e4 to OftftOllS the 1Ift ... _ at: 1.., Ada;, &It .... 

(Vena ........ .s Sbe~. 1981). Plceoape. _14 .. 1 .... 

s vS4e I'ClI!P of te.r.~l1"$ ~ it- to ,,·0 (4& .fabn. 11 u.., 
1981) aad "ltll l"elaU'f8l,y pow ~ ... hllPuetare ... 

below fre. Zea~tUl"e ..... ".~ wu to_ to be '1I~ua1 

(~Qh8D U!,l., 1982). Hlgbd' powtb Sa MIV and J .... alPt be 

attrlbutol to both h~l:r 801 .. Jedl.atlcm .,4 hlllPft8~. wh11. 

tbe peau, ~1lCe4 ~ ... "he ,,""u ..... lliabt ban 

Btl_d IIII&1!I1,J boll 1.., "otIpIl'Iltu:re (AIIGIl, ,_). At I01USAT 

'~r..at:re (Hydll'8ba4) p1gQ cmpe8 Clult1~ra f1owerod and _tuN 

about. IIOnth earlier ,baD at 11,..... The d1tfilftnH. ill 

pbeno1oct et~ boll abort .. dey length aD! 000111' OU_"I ., 

ICRI~.A'~ f:roll Jae to ~'3pt mber (waUla .u a... 1954). 'Ble 

dlumal 'f' .. r13tlcm in to!lper8tun, h<38V1 onrC8el: 3lq, ~ 

braidlt, aad 4a1 lengtb "aDeiU'f'lt1 ot 1tle oalU'f';.r clan. 
the C1'8WlDg .,!QSI)fl also pl.c! biz' l'01tle in deciding the 

y1eld. L:ae41.a, 19(1;). 

~taft-PtIot.rlo4 iIIt .... Uoa 

UIIII .. ..watl'f'e1.J 0001 ooll41Uoee, • iapo:rtaat effeot 

of taapt_tae OD flowuiag .. ..a to be l'edlkltlOlt lit •• ftqll ....... 

a.' of .bOn aa,.. !!Ia. ill 1IOatblJ' plaBU .. WlU eante4 
Ollt at lfIderabad (e1ft8UoD 500 II) aD! at lIIbab81a ... 1' (a1 .... '10011 

2OCIO .) lao ....... lAIntlllSe, UD4u .... J.oog 4a100Ddlt .... . 

• alt ......... 4U DOt t~J: at tilt toaQ A ..... -- .. 



..." ... ecmdtt ..... at the 1 .... (A ..... 19'11). It ... I .... 

that .hoart lil_perlod. _acted onreU ...... tIlU ... powib, 

4187. to tl.owaJ1 ... pod :Ull_ a!lllt ripeDiDc (walls.. 11!le. 
".,,). b ~14 ... ~., pac-apea _. no, .. 

... atfoo'e4 b7 iibOWperlO1l. the effeot "' •• III8IIUoned .. 

reduct.d nptaUft powth. PleD, bellllt deao' ... d -n.u." 

(fBa 211 \0 ." _> a. ...1 ... we .. da1a:re4 (\/811la 1111 •• 
1m a,b). i'he _~OI' banel1t of the pbotoperlod .... ltl'Yl"J 

... that lat. aowing 00014 be ulI04 to J!Qndot ...... taU'" 

powth aa4 la_ •• ,1UthJ!ODlaatloll of flower1Da. fba .. 114'na­

t •• _ald al. .. 1HI gained _ tile aee of earl1 _t .. tag lill •• 

that are .. M1U .... to pbotoperl04 at dWeroDt laUta4 •• 

(Va1l1a S1!let 1980). DDya to flowedllC a!lllt _, .. IV Y8rled 

aooerdlDg to the .... lag date 4U8 to 1ta ... arlaUoDe ill photo­

perlo! x teaperet .. int.raction. (AriJlm..,.,.. 1976). Apart 

fZ'OII photoperiod. other taote. aleo lDt1uonoed the tlOW9l'1DC 

a84 mlUrc (Pathak, 19101 Lawn aDd _ttl. 1973. IawarElD.1976). 

!!be U .. of .Cllll.aS baa .hWII it. eftectt 0 ....... taU ... 

_ "P1I04_tl.,. pbIha. of the GOp and It vq aD t.Iaponallt 

I_tar 1Dfl .... _ uop 4uett_ (ll11Dp8 51 a.. 1980). 

T ........ aDd G&-eea (1919) "ported 1Mt days to 50 per oent 

n __ 1a& lleaea .. d flrOII nept_bll' .. BoYnlber 1I01dJtp. The 

"PI04aoU.,. _ae _8 eboz0teM4 to ... erabu aowlftp. 'Dle 

.. :pl'OLtaoU.... _ ...... 110" .. 4 tl!OIl 76 d87a in S~eabel' 



__ to " .ad " lia,ya III •• Ootoblr and ...,.. .... ~ 

.... paetlft1.f. the dUftU.oa at bo. tlClWZ"las 8D4 poll41 .... 

... libOI'ta III the 9ItptlJlilbel" ... GlOp ttl .. III the "_e ... 

...., (:ao, ~ U !l., 1980). Tho aI'OJI planed 41lZl11. 

lon ... c1B;. of liIaJ and .1 ... to01l: IlOrIl tiM _ .flower _« 
_tare, Wh11e thoee plaatoll 1Jt S'pte"r and October tloweroll 

and .... ed 881'1181' (lewD, 1980). ZperilleDt conduoted III 

I.U_ bIIId 8180 IfhCMI thlt plpoDpea 0.14 be clllU'tIlted "011 

1D Reb1 a~.80D (rio, Shama 11!l-. 19Ct. 8M~ .u£., 1381). 

IDtonato (1941) Ittudle4 the not eynGII. o:t plp:lapea 

aDd tolHld thft \we Jeer 014 plant raoor\\e4 :rocn weiab' of 

1,23'.04 g par plant at whSoh 90.61 per OODt 'IoI8e toad 111 thQ 

top !JO _ 01 the ecdl.. 1'he veieht 01 11:1$ •• rla1 plaDt VfUI 

11,200 g pilI' plant. the IMJC:i __ o$iq d.,.h obeft'Ye4 WIllI 

2.95 • with plant hclatrt of .. 5.. naat he~t wh10b l'8DSe4 

fra. 0.9 to 4.5 • va_ reoo:rdoll III ~Dt.4ad (Riol1aao U !l., 
1962). 1'h. ao1l1Dg ..,.11_ 4"1I1oped "Utl _ tap ro01l waa 
11 __ to _ d.pth of .ee thID 2.. HowEl'ha',.on of 1Ibe JOOte 

... .aiDed 111· top 30 _ la,.r (Slle14ftke aDd .... ,.... 19'19). 

~ .. w _ weU d"'lOpe! I'OOt 8,1noa ooap8Z'e4 __ 0_. 
1 ...... aa4 thJ.a .7ft- ._ 111 lI01ahre Upto 110 oa (RoIlc\1 

_., 1180, 1M) and "eD upto 1eo _ depth III oatalD .... 

(It,","" .. s,. ttl,). 



PlAlDtIDC date u:4aeaoecS tbe pl_t be1B)1t to • geet ... 

at.lIt. P.L_t111g at ..,..l •• ".,1'4414 1.5 Jot 1101_ 

.ill 

wh ..... DeoSll'b .. pl_t..., fteN'lSed .17 1 • (llo11uo,t964). 

RaJ 20 plallt1lll ",,"414 high .. pla It balgbt (210 •• ) tbaa 

I •• , p1aat1ll .. (140 .. ) (S111gh !1 !L., H11). '!'h • 

.... U'8g. hei4bt ot the plallt. was oblMl'ft4 •• t.01 II lit 

Septallb .. 80WII plaDte .. apiD8t 2.85 • lit .r .. 80WD plaate 

(R0.7 ___ i1 J1.. 1980). Th. 8a ... '"*11 oap ~Q0e4 .... 

ftgetaU ... a:r:owth beoe .. of thl 1-. daJ O.UtiOD. ot tIM 

8_1' .oathe (lIarCl3fllu. !1.tl-. 1981). '!'he lolllil1' "'","9*' 

ph ... aD! taUer pl ••• with 111" 'brIlIIo!d.Jw I'880Ued 1a hI.&tle 

powtb 111 A~ 11 pl. ted aop thaD .r... plalltet ftOp (I-­
aDd Yad., 1980). 

~;Ub J'Gcar4 to 4ley _Ue.r produeUCIt. the trOdlUaDd 

10118 duptioD ... ~let.1 1'11001'4414 • total iJU 01 " t. he-' 

(Jau, '9'15). Dr7 _tta 7W4 •• blab •• 2' t. h.-' .4 bee. 

I'8porte4 tne AUIItI'e1SA1 .... 10111g 4l11'atl_ oalt ....... O't'.1JQI 

(AkiJIoJ.a !IDS WhU~, '974). D17 "U81' aec.-1at1Oll w" ... 
b the le ••• 4u..., tint 10 "711. t)aa88ft ... tbe ..... Jl'8U .. 

lDeeese Will. ... Ie .... n.. JIown'u. aft ... pod ""'los*IDt, 
.,..._ ,"..:a.auaD 18 lIOth n_ ... 1 ...... 4 .. 111M4 4. to 

l •• t ......... U4 b'8II8lo •• U. of .... 8I!I1e ae4 .to4Q'lItIaat •• 

to "JI&'04aoUTe paI"b (DblItpa J1 ~.'gao). 1a aU th. thfta 



_tad..., ....,. ..u ... Ub ...... _Del 1at ... .., .t_ 

... _18U .. va. Dls1t6l1de am 4-5 we .. attar plQUItae 

'Ibe szoowth 1' ..... lIP at_I" 6 we. ~ lDc~ee4 "PiG.7 

(0fNl. aDd laal. 1978). nry_""er eco.-!aU_ of the 1It_ 

lDcl"aa.ed aft.r fl_er lnl! IalUaUOIl, ft!1eotlag OOIItla_ 

production of Dew braDOh •• 811! thlOkeDq of ex1atlq It .. 

(.l'87a ... aDd S1MldI'ake. 1m). 

11 II 

BeoaQae at N-•• '. are ~r104 ... a1UylV. 

u. 1M' we. sreat17 1IIfl ....... _. tile '1IIe 01 pl_U... tile 

U, .. tter pelt dselJ.aed with • d~ Ia .,.,iDS."" 

Septe1J8)er (Altt.aola and \flUe._, 1974). A~ pl_u. .. 

of tn4(ltU'llS.llat. oultiTar "" .. ad IIOlI!'It l1U ~ Se~ 

Oetoltel' plllDUap mler herto RlOO eoIl41U .. (A __ .. 

lalla, 1973). Tbe 4ry .tter a~'t1_ Of 1tId •• 1'II1eat. 

"pe. 00"7,.1484 the dneralaat. \?pe. Ia aU .. se. (ABGD., tt.,., 
HalaJrt ••• 1977>. 'fellllrat~ •• Sbel.cbNtke (1981) ~ 

"bat Jli«!J8r _ (2344 _ •• -,) was S'GCIOI'de4 Ia Stptell'b.l' .... 

nO]) tbaD "'."1' ..,. fII'Q ("15 q •• -'). lIprS.1-III1 p1.aDtlql 

fteoRed .... IIlA .., .... ..,er -.4 :oee_u p1aDtl.... !be 

cl~ ,,81_ 01 tbe la. J)1aDt1ap " .... -17 a to ... of the 

to_r (Oha __ 11 !let ,_). 

WUh ... apeet ... • _"/~ .. Uo, 3bel.dJlollke aDd 

lIarapaaa (1971) l'.po:t'te4 that the ratlo we. 4.0 iD 1»1 ..... 11. 



_tvtty II'OIIpB m., ead7. IN4la11 aDd tate .. ..., .Ua 

aecu.laUOD VIla neglJg1Ue _Ul ..., we_ after plaat1ltce 

':'he growth plell:ed Up atter 6 web a2d iDcr38aed rep1c1l1 

(OfNla aDd leal, 1978). Dry_tter aeolllllllat1aD of the .... 

iDcrc1aaad atter flwer bad &II1UaUOD. refiecUDg ooat1ll1184 

prodUCUOD ot new branches aDd thlatea1q of exiatlDg ., ... 

(Nara1anan and SheldrGlte. 1m). 

:,tteot of BowlDg datea 011 41'1 maUer aaculllUl.atlon 

&eauao at. pj.&..,apea'a IU'e pbotoperl04 aenBlt1Yl", 

Ua IMP _e sraatlJ' iDflaeaoed 'b1 the Ullle ot pl_"'''' file 

dry .Hur 11914 dec11Ded nth. delay &II .,.&IIs 1Ie1OD4 

SeptMlber (Ak1Dola and \Rl1te_a. 1974). Apr11-*1 plADt1Dg 

of tnc1cterlllDGte cultwar 1'QOorde4 iliON UU thaD 3eptellllMl­

October plaDUage amer Puerto Jlieo OOD41U0D8 (.1 __ GD4 

J1I11 .. 1973). n.e dl'y _thr accumalau._ Of 1DdeteslDate 

typel out1'814.a the j.tera1Date typee &II aU oaaea (1I1lOII., 19'78, 

H..,rton. 1917). TanJratn:rua 1114 She1dJleke (1981) ~ 

tlllt higher DMA (2344 kg •• -') was reOO1'ded 111 ~ptetlber._ 
ozop thaD Rlrre_r _ erop (1515 Jrg.bI-1 ). lIprll~ plaet1llfPI 

recordea iliON IRA than """'.1' IIDd Dee!lllbar plaat1D{P1. file 

4rr welpt of the late plaaUnga we" 01117 a tellib of tbe 

tOll8r (OhaabaD S1!l,... 1982). 

WUll :reapeet to aboo\/zoot zoetio, ::held_a and 

.1"878." (1917) reported thElt the ratio wa. 4.0 111 bl..,ImoSl 



aa4 '''' la ~ cu.. It al80 zeup4 fftII 3-" d_sa. 1Ib. 
Oft» aeaeon ( _80D and 0_.1:8111.. 1980) at dUtuent atase. 

of aop SZWth. 

'!he IJOIIiD..,e of aha SI'OWth led to "daOld IlUprll.1 of 

pbotoas811111lA1tes 1D pod .e"tag 8DtS alUstel, "ad pzodue'l1OD. 

Mo%"O thaD 47 per oent of the total IIU _a pro4aoed UteI' 

tlowerlq (Paftde.Y, 1980). lWJ' _Uezo aoe.a1aUOII aad leat .... 

denlopl3nt wa. 'hey slow upto 7 w"eIIa 8GWiq after aad 

tbe:nUter lDc1'aasad at(Jadi1.Y (Oboprc and "1.nha, 1980). LeU 

dryatatter 111gbt "aoh 11. _n- between flanriDI an4 pod 

denloplleDt. It also d\ll)Gaded apaa the l'Ste of nov lea! Sl"'JVth 

aDd seneeeenoe of old lJsves. The low ::w. and laa! area 1n 

bit1al :>base, IIlIlV reflact an initial hi. illYestment la the 

root deTel.ol'8!JDt (LaIm, 19130). ~e I'Ilte Of 4r1 weicht i.1IGI'd" 

in leaTe8 deollned as the pod deTelopaent stllrted owing to lCl8f 

nMaoenoe and alacs.aas.OIl (.ray_an alJd 3he~e, 1976, 1979) 

i'aJO (1_ a, b) .'tlIdi.e4 the leaf DlBber 8IId reo_dad )00 1 ....... 

per plaDt. !be llallber of bJ.'tiElOM8 were also lGUad to be :30 per 

plant. ~ aft'! 1'ogWl (1984) obeernd 400 leave. at t5 .. aka 

aftu aov1.Ilg &ad d~asec! to. tOO at _turU,'. IlUlbea 8Dc1 

hatblp (t983) ob.1Ded a 11Mu relaUonabi.p betwl!lu the 

Mlrt_ ..... 01 4l1:v IIIftter aoosaalaU ... b3 the aop aDd the 

..... at solar zotI41B'Uc. 1Dtereeptad. 



:Lea! AZ'Ila hlex (LAI)I 

beeD chrYeloped to -.al,_. aDd 1n~enela1e tbe 0 langes 1Il plant 

we and SVlIIItuft whldl OOOU dllr1Dc powtlt _d d .... lo~"'. 

Perb8PI!! the beat mown ~Jthod. whloh we oaU tftd1tloaal pllllt 

pcJIIIth anal.Js1s tQ:Ose bom work bJ Qregwy (131S)J Blaolaaa 

(1919) SDd Br1a& et Ill. (1920 a,b). ;'ubs ,quent retlaellent 

wee lalU8ted wUh ~or oOD'tJll,1JaUOI!II bJ WUll ... (1,.) 

an! wateoa (1952)J Hughes a iii Te_n (196'1)-

WU.:::>n (1981) had establ1ahe4 tM41Uonal plam ~ -1IIll7.u 
as a standard apprCl80b to 'lbe .tu~ of pla7t SI'OWtl'l _ 

pzodQctlTl11y. Race!2" :rmews ot the p1'OOedan8 were 1Md. b7 

Kvet .at!!1. (1311). 'vaDe (1972), rumt (1918) and "oUlfte 

11!!. (1982). ;, Ull r.gard to pigeonp_ 1D !JBr'tioular. tho 

opt1llum LAl waD found to be 1.00, lMlt tor other lll1'l8 IfJ8Yed 

troploal plllse. it was from '.0 to 4.0 ('laoh1e _d Robert., 

1914). The ohaas- I.r1 LAI wit'll tlat3 01 __ 1.)' pat'&Uec1 the 

che •• 1n leaf drJ wel(llt. !be IIISIX'- LAX .. oOl'dad at 

a,dezebnd _0 12.7 (SbeldNb. 1984). A aJaller .. xlaa baa 

be .. foaM 18 AaaU&lla also (l.u.le .s1 &-. 1915). An LAI 

of ,.18 .. toUd to be .. 1U .. 1 .. lIedl_ daratiOD oalt1YB:rIJ 

(bl4N1I:e and ware,..,.. '919). Xeetlnp and naatte. (t980) 

repaotet ..... t .. peak LU TIll ... raE8e4 tIIOCI 0.34 to '2.5 1D 

24 l ... U.... lias .... IoU value. a1ao 1.'9D&8d ~ " to 16 

"'e 'be .. nportect f:tooII A .. tzoelSa ( aUls !1 !l.. 1m). !l'be 

'T 



1 • ., ue. 4 .... 1epInt 1D ps.-Jqle ... _iIMt 1_ a ..... tbe 

ead7 ftPtaU't'e II'OWtb .. age aIM! iDUdlNCl .. ~ wi ... 

aItraB ... ent of .~p .18. D1e.'" LU Wl8 .talDed ~1Ift 

aUe .. fl.owerlq (P8lJ:'iQ. 1980). 'typioal,l.f ana de'Wloplcet 

pattO.1"l'J far a aec11IDodUl'Elt1OD oatti"r .JtowIll1 thet aftQ ... 

:fire't 30 days of SI!OW1h IoU -- ..... 11 0.5 (saxena J1 11., 
1963). b _1_ LU _. QO~ achie'nd anOI' baa 

J.D1t1aUoJ) .4 Dead,y oo1lloided with the t1lDe of .u1_ oaa 

(Sbel.dzoeke aIlS NaN,1&Il8Ia. 1979, Iia'tara~ an aa4 \:Ulq ,1980). 

'!'be baf ar •• 1D8I'Gase4 uPto flowerbg Md tbe1'Gllitel' 48Cll'eaoe4 

towarCla 1IIl1na'1tl ('l'a8O, 1982 at lit aowda and XIlul, 1982. 

Heade aD! SaNl.19_·,i'afO, 1!H1". P~., bea14e. belD« 

alAw 111 oaDO" dnalopaoot vas 1.Defflo1ant 1D the nile of tnter­

eephd raJ1<>tiOD for dry::a"er procil1Ctiol'l (HagMa i1 !1.,1980). 

081' OINwth Rate (oem) 

nr, IIIIUC .. PMdllOtion and OOR 111 the G:Jrl1er stace. of 

povth we" nry slow. !be pea" oem of 1.65 Soll-2 day _s 

attaiDa4 lIm8e., eo aa4 100 4ay. lifter 8I)V1Dc 112 • ynrletJ 

wlth 160 d",. 41D!'atiOD (aaemai1.!U. 1983). ;iOt'k dODe 112 

AIIIfb8lJ.a with loaaer 411.118tloD p1geDDpe8 abowed tlll'ee UatiDot 

pov1lh _... •• all 1IIUial lag phase apto 84th 4fl1. a fPlGl4 

peri04 of powth p!IIbo lasUng UIltU 168th day, fIDd iii fl_ 
.low :pbUe of cb'y aattu p.odae'tln. III this .tu41, a Alts _ 

_ tie of oa ftaoha4 eo h1ab '8 , •• 001 4&1-'. *82:", tbe 

.alla auaUoD oal t1'f'SrfJ ., t 1 CP-1 and 11Y-3O proclllOed 



8.9, 13.1 old 1.5 ••• -24",' (SbelbGIm _4 .. Nl .... ,1979b). 

rho oem '11" 1_ dDl'1lls til. flnt two aoatbtt. roeoh_ .x'" 
at pod t~er1lrc - _11De4 aneftUde (PaIId.,.tt80). 

aped .. ' ooa&loW at ICRIStT, }~"'b811 ....... ale4 

tbn tile J ... .owl_ noo.de4 biQbU CXHl (9 q.bIl-
'
,aa,·') 

th" »eoelll .. ..,11188 (1 _.bIl-1.aaj'). 'l'tta ~ .. e '"'ft 

oolDoS4ec1 with h!gb teaparot ... elll1 .alar .l'e4iatlOD (AaOD, 

1982). IDlUAllt,. OGR _c .,aryl ... hlet. ~.etnl1 

lllCi .... ase4 and l'88Cbed tbe poall: 't'I4ae .:rauB! tlcw81'iIII ttae. 

neeafaHb, tbare vae pad .. l 4.eliDe 111 oem apto _ryen 

(Haede aid 9Iftt.1982a). CXHl 1DoS'11a_ upto 15 vooa atter 

8OW1Jl. (22.61 , •• -2.481,-,> aDd 4e.ea.ed at .tlll'lq _ta .. 

(10.06 , •• - 2.4.,-') (2810.1982b). 

let Asalll11aUOII Rate (JiA~l). RolsU.,., Growth Rate (Mil) 
.~bllolate ~tb Rate (AGR) Oft4 Leaf .vee DurntiOll (LAD) 
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The IIOt a.8tJaUatlaD rate (11M) de ... aa..s .. lth gl'GWih 

penod am til • .,alDoe vere 8ZOOUB! 50 g •• -2 .... ek-1. at tho ti_ 

of floworiIW (She~allrl aDd ..., ... , 1919b). lAc; r.80he4 

l18%iaa 15 to 85 , •• -2.Wft-1. at 30 da,ya ~hl' .""lag 
(Rowden is. .!L., 1981). '.;Uh l'eg~ to Ra.n aDd RGR, tbe, 

de01'ease4 as tllle t:reld (Hali'le aid 8araf,1~). ::xpe1'1_nt 

ooldltOte4 at -iBeria ah0We4 that eGB, IAR aDd RGR 414 aot 

811Dw ... replarl_ ",til gnwth periOd. Bai LAR ohowell 

" .. 118,- tl'llDll ,.et __ 'ant,. ne 'f'artoUoa 111 lIAR. 001l 

lI1Pt be ."rUnlt .. to tbe onpowtJa 01 It. 1 ...... (!a1O.1982.). 

Hi.... loA I aDd loqu OlIO)) 41110t iOD taftaeDOteS tbe LAD u4 



b7 _U .. pl'ehn'" (Best .... SUGf.1982a). !be ~ 

sboWt •• ol1a1ltc __ DII .",flZII1. IIIItlldV (::'.70,1982&). With 

l'ega.rd to abeGlat. powtb 1'9 te, It 1801'88884 apt. 95 487-

aft_ "US (9.5 ,.plat-1.veet-1) CD! •• CI1'Ga. at (164 4.> 
.atlJl'it), (2.4 g.plaDt-t .weot-1 ) (Hejf1e aDd S81'af,1982a). Raw_. 
aDd C0IIS1able (1980) oe1ealatd tM, SD! aholl14 b. 4.0 _.--2 

tor: .,hi ... _ .-sa- field. It alao 1'8.4 tJOll 4.15 to 8.40 

116.011-2 (Sh .... aDd SAau.1983). S1.A 1a • IIIIOb 110ft 

.arla'ble pazeaahs' ttl. INRI 1a crtber WOI'Ilae 181lf 81't111 18 .... 

J>laat1e th. leaf ",.1gbt (:P1U .. IiIIId Ba1.1981). '!ba 

oblll.... I.Jl G.LA Illuat iII.P11 lID illpartaDt aaato!deal oba .... 1a 

the • ..,ph,fU 8IId paUsade 11l7U'. (Hlo .. , .It !l •• 1911). SO' 

8180 r.8Jl0II4ed to amUG.elllal oh_p_. SLA obaDgec1 fr_ 

4.9 to 12.7 4.-2.,-1. tor: pl8Dta GJPOIWiD« dar hlclt solar 

radiaUCIIl to low 801ar 1'8418UCIIl (Rltgha •• 1959). LWR was 

.usoepUltle oDly to ohlll,e. 1a "_perU ..... 4a" 1eDgth alld 

8011 faetozoe aDd DOt 110 cha •• I.Jl the 11_" 1Dte.,1t7 (.J9'8D_. 

1m). Solar ra4I11U. ahowd a 1-.. 8asocillU.OII witb AGR, 

RIIR. 51Jiwb ..... te_'e1'8t ... 1DI1a .. ea .v.W IoAR. LWll. 

LIlD 8IId SLIl dllJ'iD8 both IdIlrt1 all1 raltl ...... (SillSh 11 !l., 
1912). 

:Leaf .......... alld It. tall 

I.ea! .bGd4lJaat fte lea! ....... 110. la all ..,.. ... 

pb,Ja1e1e __ l ,.. ..... _1 ........ t1I8 l1el4 111 pala... Leaf 

.......... ,anit. IN....., 8114 INbell8'1 ... U. CIIf the H1t of 



tbe DatrlIIDta faa the •• n ... eDOel leaf au theb' pbe ..... 

_tap Qout -«N1Dc of iJtetf .. Uft 1 ..... (Le0pd4. 1961) • 

...,.... aa4 lhtIlUUe (1m) npGl"te4 tlat alton I '_IIa·' 
of the dry _ttu wa. 10. boa the 1MIIs. dUZ'8tioD oalt1Y1lN 

4 ... to '1u faUe. 1ene.. ~lJaeat OOD4uoh4 at ICRlSAT 

ranalec! that tallen .'81'ta1 ... Utate« 2S per oeut of the 

total dry .tter prodwnl0. of 8." t •• -' (Shc14rGke atll! 

lIare7 ..... 1979). 'rile total leaf fall .1Ght be •• high .. 

1.e to 2.1 t •• -' (1'8l11el. 19ao). Leaf ebe441nc .. . 

varietal Gharaotar and it ".118 fro_ 'ftlriet)' to .... ia". 

It rangod blom 109.;,6 to 24.41 1r6.1Ia-' of leaf d.r,7 w1cbt 
(Mar:ihusudam Reo !1 !l.t 1980). i> aaxsa. of 3100 __ .-, 

tallen laavea bIl4 &lao beeD repartied (ClbaahU 11!l,.. 1984). 

hUb regard to iDtluaDOe of sow1ag elate. on leaf tau, 
ROI Sbaraa .u.!l.. (1900) reported that the qualltiV of leat 

tall wos appreoiably higher 1ft t11l Jae IIOWD 81'Op (6370 1rg.1Ia-1 ) 

than 1ft the :.ptea\}~r GOWn e:op (2350 1r6.1Ia-1). ~ 
Septallb8%' Ilftd Iov~lIbtSZ' planti.Dcat c-ept(lllliber p].anUag l'GOQl"dec! 

hlgher taU811 leat dry we.,.t th .. the 1lronrllbet' pllatlaga 

(Ve_tareS!! 8Dd Sheldrake, 1981). One of the eall.1e8t 

obaDre. "800Uted "Uh toll ... e.eaoenoe va. the lou of total 

.. lDble protUII (br aDd H18~. 1977). d18tunod oblClll'Oplaat 

.. tabolt. (lfol:."Daa, '979) _ad 480Z'S8ae4 pbotolQ'Dthetio oaztIe 

utaboU. (Witte"'. 11 a.. 1980). Pb,y.s.ologlotd.ala of 

.... aoe .. llisbt be .ttri_ute4 to tl ..... .a dfe.tm ..... of the 



pho_syDtbat1c apparatua, d1ll1Diah1lt8 aux1D BUppl,y and 1 ••• 

af!ielan a,vrrth<!a1s of mu and prohiD (MeIer, 19181 

Loopold, 1961). Bot the prooua bloohem1atzo.y of l(lal 

88!toecellOc pzooeoses _s UDo:rta1.D (;'fooden aDd 1bOllp8Ob, 1984) 

112 tlWJ crop plaut. 

Nutrient coateet in fnllan haves 

The nitrctgon ContOlSt of tall.;m laavol'l I'Bnsed tzo. 

1.36 to 1.56 par cent in Uve pie_oope. caltivars studied 

(rbeldralm and Narayanan, 1977). ~ oat!tont of nltJ!OgoD 

docl1ned from 4.5 to 1.5 POl' oont in tho aenescClooe::: loaves 

(,bel.drllke,1979). Th3 sone.cenoed l'ul'I'sa contained 1.3 per 

cont :'l and thus l'lrcwad 40 kg N. ba-' (Chauban U !!l., 1984). 

The relDcwlll of nltJ:ogen tbrmgh fallon l'avoe also J:'8nged from 

24 to 30 kg M.bIl-' (Pandoy. 1980). Ttl,? senescanced l'lsvea 

CODtalnecl lower ca, 116. N, P, I and chlorophyU tnan the intact 

leaves. The 1mbalaneo was dUll to the remobUlsl.itlon of the 

natnocte (:leshparxlo and Nll!1bGlkar, 1981 ,'. The pboapho1'lJB 

oonteat of tho tallea loa"". cl:ollned to 0.30 to 0.06 per cent 

frOm intact loawa and it bas aloo bO:.lD »t1.t.d 'that 1.3 

to 5.0 kg P.h8-1 was rOl11O'Ved ill .',8 f01'!!l of fallaa leave. 

(a&al.dJ:'8k'e aDd Narayanan, 1977). \t"hc peNentage 01 pboepboJlQ. 

decl1Dad froll 0.3 to 0.1 per ceDt in the seneeCNlIOed lean. 

(Sheldrake. 1979). 

1'be ftaBOll .tor leat 8enefIC<lDCC Idght altJO be attribute« 

to the fIC=Of! l'OBPOl'lIJO to the a1.Dtt 4_a (Shel4zeke. 1919). 



Leaf aebdOenee appeared to be partl,y dUG to bo. leat ... 

and 4.pee of 1Ib8d1l'lg (Lawft, 1980) a~ it eDhaMed f4'0"'­
•• !TelJr after tlowe.r1Dg (l'IU:Idy. 1980). nn-112g 'lbe re]S"OC!l_­

tlYe phllee, the "te o! lea! fa1l excoll4ed tho rate at whloh 

ncw leave. wue prOda(!8d aDcl tbae LAI 4eol1Ded 8barpl1 

(Pandey, 1900). 

msappa lind Mabadavsppa (1910) toIlDel that DIIIlbal' 

of pods per plant wac tho maiD ao!lpOft~ ot sn112 Tield. 

sead 1io1o waD poslt1'rel.1 COft'Glated with pla.ot 8'})2"eed, 

length o! main branch and nllllber of pads 1'<11' plant. (Manoa 

and !\l»:U0ID (19'n) Beoblr aDd N1gaIIIa,19'72. a<ulaul.i and Sr1Yaotl3V1l, 

1972, Joshi, 1973). ~:.aja and ~ (1972) conclacle4 that 

Saprov'emel'lt VIla needed fOl" the ~'crs lSlte plaDt IIPJI'I", 
nuober of branches ulXl tOO Bl"OiD weight. Yhlc showed 

fJiGDUioaut ed poeiUve aSllOClatloD with plAm bei/Jlt. 

89COM8l.7 brllDObes orKl pol! length (S112B'! U f1... 19"12). 

The Damber of omstoftl par plant "'8 SdenUf1ed as 'Ole _in 

.11e14 OOtapODeat 112 plSOOapea (s~ aJJ5 ~,197', 

Kalbowe aDd 9»41, 1977). '0* done at harw ',!.eo l'WMl." 

thllt paiD ,leU Wfo1'OllOa8 112 pigeoDp'_ "MUng boa 

acnncaio ..alpalation were l.aJ:pl,r _nUen·3d tlUOt.IP 

41ftezoeDOG8 in the pod nambel' aDd pod baari.ag bzoaDChu par 

plaut ~thel' tbaD 8.00 Dllmbar par pod and fOO aeed weight 

(Ab1'aIIB aDd Jul.1a, 191.5). Pods pG1' plant '*l direct _Heot 



011 ,le1ct (f.va __ 1IIIJ !1!l,.. 1915. DaDl.1m, 1f111I. S1 u.. 
1981, I'8b~. !1!lou 1961, Rowdell 11 !l., 1981, 

VeDlilltena1'Ql.u aDd Jos-b .. Rno.1984, na~aD 81111 

SDI!blllI8r. 1995). b grab ,.leld vas po.Ul'P'e],y 00%'1'018"<1 

wUh the wei&bt Of pod Pill' pljuIt ("*"ar IIftd Mal."1,1974). 

It _. also obae.l"led tbat Daber Of Pr1_r1 braDcthos IUI4 

clUBt .. per plam mre the .. iD liela ctll.'!ll'OfteDta (r: .. DQ3_. 

1915, Rallt .11 !l .• 1976 8t b). Path ooeftic1eDt 8Dill,ye1. 

revealad that tbe pl~lIt ha1ght 8Dd IIU11lber Of 88l:()odeIJ 

bra.actbd bad direct lDtlU'laoe aD .eed yield (neddy and 

Hno. 1980). Seede par rod had poeittve OCll.'l'elatlcm wlth 

11014 (Dah1,y8 U !l., 1974. Klllar am IIague, H173. peddy 

and ROO.1900, f:lngh .21 !l.t 1961, s1Dgh .n. !l., 1982. 

BhcM.I1k !1 21. •• 198:;, 'l;an~ar1 aDd linaar1,1963J Ba13Q J:I aD4 

sudmlral', 1995). ~e Illllllba:r 01 1 ~'II p .. plarJt also ba4 

po.1tlve asaociatlaD wUb seed ,1.1d (~aIllllDQjallt.1915, ltUIIIIIr 

ancl Baqus,19n, GaIlgQll and Srlvast8YU,1972, fiaZena alld 

SbanIa.1981). s.ecl ,iald _8 aleo bUDd to have p001Uve 

lIS8OCltrUon with tOO-seed weight (pal'Jkaj. Reddy is. !l.t 1915, 

fDl'Je U Ae. 1983, Jas ShorBll 1982. ~ S1.!!l •• 198'. 

SUl!'eeb X:~.19S,. Jag Shoraa.19135, l3a~8D aDd SadhUll:ar,1985). 

Dr7 aatt81' :pro4uctiQII 'oliOS alae poeUlTel,y sal B1:rn111oBDtl,y 

C!OftG1ated wi \b p-aiD yi.e14 (AniIVat U !1-. 1961, lt8hriAge 

U!l •• '983) aDd b ..... en 1D!a (S1Ilgh 112J., 1961, DIJIIIhoe aDd 

Dea'baukh, 19E13). seed lleU va8 aleo oOft'ela'ed wUh 

eh10.r0pb,fU .... 1It (Ra_Bajaa, 1975). 

')1' 
~ ,/ 



()D tbe OOIlW..lry, tbare were re orts to incHoate 

that lI"aiD yield we Dagoti'nl3 CDft'Ol.ated WUi plaBt 

haiSllt. 100 pa1D wight aDd da,ya to .. tar1t, ~Ht*awa.r aDd 

Muley, 1974. s1D6h tt !l., 1!J31). Seeds ot the loDBU' 

daratiCII eult1vors wore large and hearior than the abort 

d;.:ratlOl'l cult1yars ( .. :at!li.Dacwa .. !1 !l.t 1973). ~crlaeDt 

ooD'lucteC at ICl\I':;A: rcYOGled t~t tbe seedo pJ%' pod ranpd 

from 2.0 to 2.1J3 anu 100 aeed weight ranged :bora 5., to 6.8 c. 
They also DOted 'tbBt 100 8ee, weight of O'ulUftre srowtI ill 

the rebi saBson vera lw-n- thal! those ot IJ8lIl(l ou1th'artl 

grown 111 the lIhar1f BaBoon (3hel4nke and ZilrayanaD, 1m). 

Seed nuC!ber per !lOd raD6G' t%'OI!l 2.6 to 3.5 and 100 ,,,OJ 

we16ht rangecJ froll 7.3 to '6.3 g 8IIObg oult1T<lrs Irtudhd 

(ADon .. 1980). 

April plantoo ~p 1'GC01't~ed mare nucbcr of b!"oncbce, 

mare DlElber of pods, and "iSSeI' alse of BL"Ji.Ds than those of 

.TIlDe sown crop (Panwar and Yad8'V'. 1980). ~ 

september 3nd Noveober aowSlip. '.ellibor iSOW1ng r'lOO1!de4 

higher 1QO-eiJe4 Wig!.lt (8.2 g) thaD (7.5 g) November &owIngs 

(VOrD'hramaD aDd ~'held.r.dta, 198t). .Jb8uhari.it!l. (1982) 

zoeoorde4 h~or 100 eeoc! we&ant 1D April 80WlI orop t~l'I 'the 

subsequent eaw1nga. 

AlthOUf#l theft wore 101'80 yariatloDII -ems oalU"fGr1l 

1n ... ad .... e ODd seed DUI3ber pel' pod, "UhSll a g!Tee oolt1'f111' 



theee wen relllllrkBbly GODetarl't_ tbe ... , laI;portaat ftl'iab1e 

4etera1D1ac ,'eU 111819 pod aGlllbu per pl.., retbezo tbla pod 

Damber por _it "08 (na"l'toD,1911. AklDolll 81'1d "'hUe_D, 

1974 J Roo aDd WU1~.1900. Rowdell S1 !l., 1991). 

')') 
... ~ 

Sowing Utile bas profolD! dfect OD the prodoottY1't, 

of PiaeODpga. TiIlK!1y 8OI'Ilng must be e noured to gill t CIlld._ 

retllZlla mill t1'le applied 1IIpD'te. !be (l:'rllest reports trota 

~,est Bengal 1rldloatGd that aorly plallt1Dg OD 10th )f;ay iD 1951 

and 1952 r~ord.d h1€bor y1lld8 th<ll the subsequent plalltlDge 

(AbOD., 1953). It was also tolUld tbat !!lid "-ch fJOwlDG; aSfe 
the h!8h'<st gzoaill yield of 8'2 kg.he-' (Preuekbar aDd 

SUhre_Dial, 1961). :l'iIo reduced gzoalJl nnd strow ,v1eld8 were 

noticed wbon the sov1Dga Wft'8 delared beyond Jul.y (R10llaDO 

.u !l •• 1962). seed 11914s lt81'e higher ill the 01"0p aCId OIl 

Wll 20 and deol1Ded lttth el100eeatYe law _.1l1Ce (Stnp 11!l-. 
1971). Darteax (19'70) dated thet •• late ... tng of '" 

leagth-iDee .. 1tb-e aDd 81:1«)1''M8,1 Y8rlet, l'Elduoed tbe lleld. He 

also stad18d the pbOtoperlod1aa 111 200 SOirees 01: pl6Cnpea 

coll ected !zoO_ lI.1 ClIVer til e ,.zU lt1 tb rdeftJt08 to ,)'le14 

(Derie&a:. 1971). mUolJII_tal factCU"s had the gl'eahn 

1Df1IleDO. on .. eel 11eld pezo plant (Oenga11 snd Sr1va ...... 1969). 

nate or p1a1'lt1Ds a1gDUloaetlJ iDflueD0e4 the yield 8ttl'1bm8 

(Dllb1.,a !1 !l •• '914, Teenewa .. J1 !l-.1975. ~16111a. 1916). 

It was obaern4 that htgh .. paiD l1e14 wal! reool'ded 111 

., 20 plEIIUDgs tbaD auooesS1Y8 pl.aatiDgs (S8%ena aDd 



Yadey. 1915). Wb. P1sao.8 we. pow. 1D the 0001 pon­

ralD,J BaBOOD, it lIatared aooner 8IId Ua growtb wob leaser 

ana ,yield were also leas than IharU uaaoll (JarSJaDlll. aD:! 

!Jbeldralce, 1979. Roy Sbal"iI8 !l !l., 1900). Pla'JUng after 

JUDEl bad a teDdallOy to stee (1;14,. p.1goor yield VEla reolmled 

11'1 JUDe pliJntiD,' thaI') the aubeseq!Hlllt plaotlnga (Faroda 

a b! SiJl3b. 1900, Sabdhl! !1 2l-, 1381). :;)e].8yod sowing 

b\"So!!d Auglllt reduced the y1ald bllt lU 1l'loraaMd (S11'Iba 

am Bhattaoharya, 1982). !be per plaut ,idd ~ wn 
rn1Dy oeason plgeoDpI3e \1Gg dra~'U.09l1" ~dUllft(! be081l8e of 

their asndt1T! t.v to the short daye (PJDdbDStJ:'lSDP 't>.ao !l !l.t 
199'). Septamber SOWl! orop recol'dd hl~her yleld (7BEi tg.bIl-1 ) 

thaD (430 k,~.ba-1) Novembat' SON11'Ige (VeDlI:atsra_D filII SbIJ14rake. 

1981). -Xprri!l'lf'llt conducted at Mab9rasbtra r"6a19d tbat 

more grab l1eld was recorded 1.rl 1"9111" eeaaoll thall wiDt!!r 

sellBon crop (Jadhav amd Nerll:lIIr, 1983). Tayo (1983.) allO 

recorded 1lIl1!'& 11s1d 1a J\pdl plantings tbarJ Juo p19Dt1J)p. 

Pige0llpe8 could be 8aocellllfa1~ g'IOVD as poIIt 1'0111, allaeon 

crOll 1rl JtJbaraehtra tracts pl:,deNbly s(Jolied before 20th 

Septemar (Xs.vIU1c'le, 1;;,l83, IJaoaaIllll4h aDd Y0'68sw:ara Rao,19S,). 

OpUlIQII period to~ ecwll16 pboto.ebaltt .. n varietie. \f8. 1.-4 

to be ::"4pta!aoor-OOtober. Further deltaJ 1'eoul.t" 111 reduea4 

gJ."ClWtb erld yield (0b8D~ et al •• 1983). P!ceOlJpe8 wou14 

Dot nawer U plaate4 beJOD! Ncrt_ber, as almst aU the 

'f'ar1.Uee are h18hl1 pbOtoe.D8it1 .... IVeDkateswsa.-.lll 8114 

lagaD MOhall ReO, 1984). )ir~ .ow1~. (Maroh. Aprll aDd lIIJ) 



') , 
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of .-S.U>le lJPAS 120 and f 21 prodaoea B and 57 per eent 

higher palD 7h14 and D& reepcct1vo17 thOn the .TIme sovift68 

(:::.ahi1D. 1985). 

: ttl! reca:.:-J to par day pro,1ucUvlty. 1n~ 11 !l. 
(1971) :reported 0.4 1:c.ba.day·t in the crops of 162 days 

daratlOD. fIilJ:'ayaD1312 and Shsldl'aim (1:J7!H noted 12.6 Irg.ba-t • 

481-' 1D ," da,y. d~UOtl O"PI Ak1Dola olld \1hUaman (197:;) 
-1 -, obae:!!"fOd 9.5 kg.lla .day 1ft the 294 days crop dtl1"Oticm. 

cUSn !1!l.. (15179) ond U""den tt~. (1981) rooorded 21.9 
-1 -1 -1 -1 kg.bIt .day ond 12.4 !:G.. .4a; resp'JoU.,ely in the crop 

ot 105 days dln'aUDD. ~1ae 01 &aWing WaG also havUg Us 

!.nfiOOIlCtQ Qll par day pt'OducUV1ty. In t11lo roSOrd, Venkll1la­

raman and Sheldrake (1981) found tbat 14.00 and 12.41 JMP 

ks •• "'.asy"', 5.02 and .3.55 seed yleld lrcoba-1 .d.DY-' respec­

ti'f'Oly ln :~pteflber and liovtnber SQIW!! oropo in 16 p1t_tQIIP. 

oDlt1Yars. In Borth DIlia, early coltiyuro onen gave 1.5 

to 2.0 t.bB-t and 1J01ll,!ti.lllOS O'V'Qr 3.6 t.b.-' (Kan3hl tt fl.., 
1m, Ahlawat, 1981). In tradUioMl c:r:oppiDg flY ...... fle 

higbeet .vlelda, uoeodlng 4 ,.lla-' was obto11'lad in Horth !Dd18 

(SlD8b aDel EHh, 1981). RaooDtly h1p')lllE1lde of 4.5 , •• -, 

baYo been obtalDad with seleoted liDoD of cady IIBtllrirlC 

(110 48.Y11) clay DeabGl p1gIDDp9a (alUs U .!!l., 19811). AD 

Gxoeptl_l .villA of , t.,.-1 was aleo reported 1n IDdla 

(Mehle QIDd Ro'l)eria, 1914). HowJYar. ii1lwSOn alXl CbDStable (1300) 



pHdl.eb4 thllt the 71eld sbould be 2.7 t. boa-' frOlll 264 pods 

per pl.,t "11th HI of 22 per cent. 

The term "hatTilSt il.da· wall proposed by Donald 

(1962) for the roUo o:! cr .. 1" y1~ld to biologio·.l yield. 

Other dcrtiJl1tloDs like "tU.:;raUOrI ooeU1elant" (BC\I'cn.1920) 

or coefflcient of effectivJnasa (NiohlporoTioh. 195G) are 

idel'ltlfioal in maaD1n_; ·.:lth ~arreet index, but IiI is accepted 

3nd used by ,1ant breeders and ph3s101og13t (Kertasz.1984). 

":';'!>Crll11eM COnduoted at hll8traUa r'Ylro:.lad that m IT':'lot index 

waLl lever in the plazlt::; grown in th~ [lorDll soaoon the 1r. 

p100to grOlln i.Il the 0001 :?09't-r'ilr.y seallOn ~lb(!re tha plante 

were 8IIIIl11er and ID3 ture sooner (J.k1Jlo].a a D3 ''fl11tc!ll8n.1974). 

The 10'8 ha..-yof.lt indo: in :pulses appeared to be l"6DpoIISlble for 

low yield aDd Dot tbe pbOtoSYllthetlo capacity (Jain. 1975). 

'l'he 1mportalJOe of a fS1IOurabll! banes~ 1nt'la for h1gb yleld. 

1Jl :;»1888 had also been !'<!cogJllsed by SVam1J)ath8D (1973). 

Ja1Jl (1975) iJDd ;3b~s eDG GreeD (1975). ~e baITest lDda 

raDged from 12 10 ~ per CeDt 1Jl .everal early ao:! 111841 ... 

_",uri" pie80Dpea ouUlvore (Ar1,yBlls,aca .. 19'15). 'fbto id .. l 

pllll21 111 plgeODpe8 'WOuld be ODe with I118cii ... spread. earl.v 

_taritJ IIIDd high 11814. Thi. ideal plilJlt vpe 00IIIb1lled vUb 

photoperiod iDefilllJl Un" aDd htsh haITest il'dc would gt .... 

deeired reaalts 111 illprov1Dg tbe yield (Iapoor, 1977). 



aU]. UTIII' 4UfvllIl". 111 ban-est 1Ildex l1li1 be 

1».tluM .. 4 b,y the dry mathr parU t10aed 1»to .. ed. 1» the 

zoept'OdllDUn pha" (HarayGDIlD aDd Sheldrake, 1976). Gra1ll 

yield 1llcreaae wae aooompan1ed by 1m 11101'E!sae 111 both total 

')1' 
~ " 

dry _Uv pro1ucUon arad baIT .. t index (Obopra aDd Slnha,19BO) 

Raas !1 a. (1976.) alao ob8trved • poalUve and aigtl1floallt 

.8800181;1011 of III w1th gralll 11eld at pbaootyplo 1.w4. 

S1DCh 11 U. (1981) aDd lIfBrellBr (1982) obt3iDed a positive 

carrelat lon bebeeD gra111 yield aDd 111. The 8ssoclatf 011 of HI, 

gralll yield wlth total dry _tter prOOUOtlOIl was liIlao stud1ed 

by IhBpre aDd Nerkar (1985). Stlli18. at IOO1::;,..11'"eallJ4 

that baITcot 1n.'iex waG highill' 111 deterll1Date oul 1;1v31'8 "'.5 
par OeIJt) th8ll 111 Indete1'll1llUe culUvaro (19.2 per oent) 

(V",nkatGra_D aDd GreeD, 1979). 

~fect of $OwlDg detas on harvest lnd~ 

As 111 most graln legtaes. :iI 1n :r1cooopaa was 

stroll,:!y lDfiINll .. 4 by eDYUODflfU!t (SIlXell8 !1 s. .• 1983) • 

.As e;)1'l, .s 192', it was repoted that uDder sborter day 

1e.g1ha. more DKP was partlUoaed lllto seed (GarDeI' aDd 

;.11ard. 1923) 1D plgeonpaa part1ou1ar (LawD. 1900). Low HI 

1D pigeoapea was alao recorded b)' Wllley i1 &. (1980). ~e 

blift'en llldex 01 :rebl plgeoDpea was higher (35 p4Z' oeDt) 

thaa 1D the kharlf (28 p4Z' eellt) .aallOft (Sheldrake tlDd 

IarapJIU. 1977). Ve_tara __ and Sheldrake (1981) :recorded 



hiBber barnet 1a4a (34 per Cettt) 1rJ Sept.aber than 1Jl 

l!Ifonmber (20 par oont) IJOVlngo. Let\) pl.ant~s. vhlob 

prodlJlllec1 aaaller p1llllto With 108S '"l!t!toti'9'9 growth !'esal ted 

1Jl bJ.gh m: (A1I01I., '970). ltatiyar alld :.rial (1965) 

indlolrted t!,at the wriancee 1n hIIrnct index due to 

gOftOtyP'JI1 am 'Jl'JVironmnts were higb.].y e1(':!'l1!icant. Among 

ol.llUvl)t's teat.3d. HI rungod from 0 to 39 per c;'!ot (Tayo and 

It>gun, 1984). The harvest 13!a dccrcoocd from ~3 to 26 

~,"r oel1t OWing to tIle added f31.1 n leaf mat;'Jriale among 

eult1vIl1'8 atud1cd (;;-,c1dJ!Qlte and NO:'uyaDsn, 1979). For hi(#l. 

('00 ete:blG grain production, a balanced p~1t1on1ne of dry 

mattor to grdin !!Wet be Bchi","d and thia will b<2 l'~nectod 

in the HI (S111~ and Kush, 1300). In 600:2'nl, SIIIproftd HI 

re::rosent;.l-1 increuoed ;-hyeiolOi;ioal OOLOe1 ty to mobUue alXl: 

tranillooate pbOtoSYbthoUc produots to 0l'831113 of oomraereial 

value. For ae1ection. Dot only III bat Q).ac a nt.Wbcr of 

ph3s101ogloal ane: quantitative (!';ornctcr1stloe ehould be 

conoidared as criteria (lterto.,.. 1984). 

!he pod setting peroentaae 1n pi':'ttOrrpea culUvars 

l'Gnged tJIoll 10 to 12 par cent (1)eriollX, 1969. 1970). A 

NOON of 42 p',r ceot woe also observed m I'mI~r,c. UJrder&bad 

(AlIOD •• 1974). In aar1bbean tlraa pod eett1rsg percent~e was 

,.6 to 17.6 per cen't whereas in GUadeloupe tre pereentage was 

4 to 19.1 per cent. In Jaoaioa am ::'rinSdad. 'the abO'V'8 

p<l1"Otiotae() was 2 .20 110 6:; p3r can't aDd tlPIll'OX1mate1.Y 



" par CtGIIt l'88p41otlftly (Derlllax, 1910, ll-arton,1914, 

Arl,raD8,.-. 1975). It also raDged frOll 15.0 to 19.0 per oeM 

lrl r'lb1 sea.OII UDder IDd1aD COnd1U •• (Sbel4reke and llal'a,.D., 
1977). Abaoh.1011 bad 'beeD DOted to ooflll1" "9t13 withlD 

4-9 days of flower openlrlB lrl la_lea (HBIIIII<!non, 1974). 

'!'he f!,l'9at l!J3301'f.ty of flowers as !l8ft1 a. 90 par cent W8re IIhod 

w1thout settj,Dg pods (Pathak. 1370, Sheldrako !1 !l., 1979, 

Tayo,1980, S1Dgb .1121., 1984, Paldey aD'l Slrlgb, 1981). 

1!eot of enrilOamant 011 pod aett 

:ltl! ref":lrd to eDTbon_etal Wluenoe OJ! pod 

aetting, experiClaDt coDdacted at IORlSAT reYea1ed tbat DO 

pod set ccoan4 at bight t.parat .. e below 7·0 duriDg the 

reproduetiYe phase but at 1S·0 pod set "'3D lIar_l which 

Buggeetod Ullt tbe oritic;.1 night t_peraturG for th1a oaltl:,.r 

wae between 7 aDd 15·0 (AftOn., 1983). poa ae' appeared to be 

JlOftlal whellllleekly mean mlrl1mQ1II telllpe!'atUl'lle was over 15·0 

(saxena 11 U., 1985). Pod lIet 10 pro be bl1 depood eDt 011 sUPPl.7 

of 8881111late8 a II! llutrlaDtI aDd alao aGE 8"11'1 faoton. Ttle 

ebee18sloa proaotiDG aulDa "..0 I'QIIIP0ll81ble _ flower drop aDd 

II1gbt b. 1008118Gd. The peNlJllul lIature of pigaOllpiNI coa14 

also be e reason tor 8uoh bab8Y1olll' (Sheldram, 1179). !be 

l'QaBODEI for flower dJ.'Op werQ :prll1Dl'1ly pl\Valologloal aad oollld 

DOt be _counted for Ul tsru ot pest attack ar iDadequatfl 

poUlrlllt1aD (SheldNke, 1984). 



Le:l! hlllpllrlltqre, M101'ocls..tology deals wi tb tbe 

_taU •• 011 tbe pr1l:lc1pl •• ot lIlteraetlol2. betweeJ! plaasts 

aD! II11Y1rolIlIt3J!t1l1 f"actOl."S (lakde, 1985). 1'b<3 wOft dODe 011 

IIlcroollllato of plgeonpe8 ls 'fer, 11ll1ted. SpaDoe aDd 

Fordhall (1973) and ~'l1tt olkl SpeDoe (1976) _tuUed the 

ll1aNoli.llate of p1g.oDpea. :rhe l!Nf tell!pi3l',Jtu:re wal ."IlU1"84 

11:1 oZ'Op pl!I'Jta a. 004, as 1915 ( ;b]."l'S, 1915. Miller an! 

1.)3tl11(j'!rs,192" An&arl ani LoorI1I, B53). ClQIII (1926) 

attempted to correlate leat te~«retu:re wltb traDsplratlOb. 

JacbloD (1381) reviewJd the leaf teaperat!&'o at pllmts 11:1 

relatloD to wetor stroasn oond1tloD.. '~lrtme'" coat_ted 

:ct aaeoboelO'lSkla reve&1ed that botb malntsII3me aDd dark 

resplratloD rates were 1I:IoraaM4 ",U1I leaf tea;>eratu:re. 111. 

bef tellp'J1'Oture rarged from 15-62·0 (bse and oatlq.,1984). 

Loaf \loter potenUal 

RawltOll an1 DOllstable ('980) reported tbat tbe -50 

bar "shr potel1thl was I""ere enough to result 11:1 Up 

death of the braDChee 1.G plgeoapea. '!:Al1 alllO added that 

pblttOIl1Dth .. te "aa reduood at -20 b .. leaf water pot8llt1al. 

the obeese 1D trall8plret lo!I reie was alao asaoci.llted w1 ttl 

leaf water potennal. 'frslUIplruUoo rete was reduoed omfll' 

tbe leaf ",ater poteaual Obllapd troll -13.0 to 18.0 be. 

(na."b BIlbo .is. ~ •• 1982) and It &100 rtlrl@3d !1'011 -1.5 to 

-31.6 bare ('1;8 •• 11 Boba 11 !l., 1983). 



:;1) 

~:hUe atud;1Jtg t)le 411l1'D8l Ylll'laUon 0fI loaf water poteat .. !. 

it lIIIIa renabc'1 that Ufl' was h1Cb 1Jt the IIOl'IIlDC am 1_ lD 

tbe • .,.nlDg (SlDp 11 !l •• 1983, SiJIgb 11 !l., 1984), 

The 8toaatal realstaftoea affected pbotoayathesla to 

lIacb leaser ex1:e1l't the t%'UIIsptratlCl'l 1Jt ;->igllOD])ea (SJ)ellOe 

aiJd P'Grdhall, 1973). Oldv leav •• recorded le.sQr U'fa!llplze­

tlOO r;!te thaJ'l yOUflger loaves (RawaoD ao1 CODlltable, 1980), 

Traasptrat 10n r3te iDeressed troll eeed11llg to flowerillR 

phase In plgeonpe8. Thls ml~t be attrIbuted to the stGllliUl 

deTelopmant 801 poaU1OD of the leaves (Joei, 1983). Ralll8sh 

Dabu 11!1. (1982) 1l..a8Ul'8d the tranaptrotioll 1'Qte 111 

plgeoDpQOil ,,00. toWld that 1t ranged !rOIl 1.8 to 15.1 

( ... ~.dIIl-2 .1I1Jt -1). IDere8::ec'1 traDsp1raU,OII was also aasociated 

w1 th iDerdased !JM,\ ¢)nium. 198,). S1Dce. there waa a chs_. 

ill lIeteorOlogioal factors d ur:l.ng grovth, tbJ dUtereDO.a 

111 vcater potent1al and solat. potential. could be doe to 

cballges 1Il teaper3ture and hllll1d1ty r·Jther thall the anelop­

lIIeatal effect. (Ag8rWCll iJ..!let 1~). The hat coDdactallOe 

vas atroDgl,y aftlc .. ed by growth conditt.oDS ao1 ohaaged with 

leaf age. It lDoreaeed wUh leat eIIergenoe to .turi", and 

deo11lMl4 to a ".1'1 low "alue a. tbe leaf aene809DOec'1 (30De8, 

1983). 



Deaapanrl e and IU.lllbaUrar (1981) NoordG4 Ill .... oom IBt 

of chlGr.'Oph,yll in SODosoent b:)ws ~II tho intact l(!a ... . 

It 001211'1 alao be atU'lbute4 to tho d18tarbed ohlOlOpl_t 

8ttUCtlllL'e 111 the aeDeacont leaves. llB:d .. chlO1'Opb,yU 

colltent of '.544 mg.,,-' at aou," pod filling et"ae bad &lao 

been reported (Luthra !l !l .• 1983). . 11011 r06-'!'d to Tllr1et&l 

V'Jriat1cm8, the ohlO1'OpbJrU oodem raneel'l froll 2.20 to 3.94 
-1 llIg.g 11'1 different v",rleUee (Joshi and N1mbaUcar. 1984). 

Lilt:? all l:;c:t1Oes, pil;8ODpoa is a ::, plant (~.nxeD8 

S1 :1, •• 1983). ?he ll.'lO'tOayntheUe aet1v1'ty wan more J,1L"OI.IO&1Doal'l 

during th.2 ve;ctotiTc phaM of crop ~ and d·]ol1nca .. 

pod begin to d(l"f'clop (~1.'lba. 1)70). T'11a drop ",as asaooiated 

"'ith a fall in bat Nand loea of R'J3P aotivUy (Jain.1975). 

GenotypiC dUteruDCes in the r Jlat lvc rstos of pho1Dl1I,ynthes1a 

of ptgeollpeB l38vea CJ8oure4 bl 14c fixation had ben o'bae~d 
(Pen:ey !1 !l., 197(;). 1'_800 and ('<lI'I.table (1900) 8umeot"la 

10uDg .tally expanded lOav"8 in p1BcOnpea for meaatU!'1ng the 

pbDtoqDthet1c rate and boo that 1 t ronged from 20.0 to 
-2 .,) 

25.0 (IllS O~.CII • S • Zhe lNal'J)1'l fO:: lOW photofC"l'lthet1c 

rate I!li~t be attributed to ita saturatiOll at lOlA lS41t 

iDtana1'\V. Luthr.:.. 11~. (1983) OOl1lpara4 the pbotosynthe8is 

111 leat. pod wall, alllas:JC1 and fDaM tbat lea! pbotosYDthea18 

was 4-12 tiDIee bieber tbaD tbe pod wall and 7-9 t1aea IIlOIN 



thaD 11'1," seed. nlJBl> and P;1'O 8<!Uvity "as ~ iD pod "aU 

tbBn lD the •• 048. :;:'he low atllOllD'ta o:! P 1'C .DII1- (activit, 

rOl'!glDG fzolll 0.04 to 0.11 f'l 1101. ~.411-2 .aiD 1 ) bad been 

reported (Obeeaa and .i'aDder. '980). Exper.taent aoldlfCtt«l 

"Ull'4oOz revealed tha't after 40 hours pe:d.od o:! ..... 1.Ooa­

Uon perioll the peroentll{Te of photoa,yJItbc'tleol.ly fmd 140~ 

that accullQ]Ja'ted 1n 8'J(~ds. pod walla and stells WIU.'II 59. 21 

aIEl 15 per Oi!ut respectively (T1III !1!.le. 19(4). Joml 

and ITbIbalur (1984) reoordet'l tha't tho ra'te of 14()<>t a.elIlUa­

tion ran(!ed boa 7.67 to 8.17 ( ,-'IItg"" (n) • They also 

foaM that saaebBrooe as the pbotoOl'Dthcttc prodaot. fhe 

reason tor low photooynth aUe !'E'U in l'teeonpE!a 11'tlveO ml~t 

be' attributed ~ its h1rmr rates of r~1rotlon (Lathl:'a 

.u !l.t 136'5). 

Montdth'lI (1972) ana1)'818 of crop produotivity 

showed the tmportame of solar rod1lltion lDtercoptlon as a 

.. ~or 4eto1'lll1nant of dry mtter ;:lrodnC!tlon. >Jerk \lone OJ) 

!)lg«l Dpca rovealad th::'!t tbf! rate of dry !!I!Itter p1'OdaotiCID 

_13 rw:roJlOrUonal to interee~'!d radiation (lfat81'93_ 8114 

wUley. 1900, RuaMl! U !!l" 1981, Bugbee and l.eaU.ngtl,1983). 

The tbeoretlee1 bets tor the attont!8tiOl'l of 111ftt within a 

oanopy bad bUD !lrev14ed by MoDs! aM S80ld (1953) whO 

pre.elrted a rele u,Oftl!lblp analogotUl to the Beer-LalllbertaoD r..aw. 
I • I •• -lcL vhl!r~ 10 1& the intensity of the incident l'8dlatlOD. 



I ia the lIIteDRt, aner paaaage th1'OQ6b a oauop, of • 

gi'n. leat a.-ea 1Ddu (L), while 1 ia ttle IIX1illlet1orJ 

coetf1cieDt. VerhaGon i1!!. (1963) r.:Jlatec1 1131'111 erts...-

111011 ood:UcleDt to lea! area index, vhElr'l:l K value w.e low, 

the intone1v Of light available at depths 1D tI,e foliage 

vas hiBb ( ';Ul1Ii11118 and Joseph, 1370). 

l'l.:lnto ,,;1 t·: ;l1'Ostr:lte In'li' ar.r.t'Jni:;ao~tc hove hi.::;her 

azt1nctlon oo'~!f1cient (It) \I!thln th" cano?y t1ar! thoa') with 

er )ct 12 OVOIl (000;<: 1 and 3!:'-3(l!:lC, 1971). Tl":'J K vola:: also 

dC;:l·n.!Jd 00 a:lCci.f1c ::;;:o_::<lr1:1·:a of t:l~ folillg'J, of wh10h l.:&! 

inc11:;at1on, lc(),f a!.:}(;, r'jileetiv: anJ aboor:l"l;lve prop!lt't1cs 

an~ vertical 8-p8e1nc ;)lI!' t!lIItribtlt:f.on 1.1":~ro the IIIOSt importrmt 

(VerhG::;:m £l21., 196.:\). TJ..:;ht tratl!1£l~sf)loo l"·t1o (L~,) 

dllQ1'\)lIoed wl1tl 1nerJaolng l"ai area 1&;lox in :7:tCfJ (:Ioon., 1969) • 

. ~1th 1'{.I£\o:.:\l to p1g<o UiJefl, 4.:' and 11:.: .• 1. int\l:Ci2,;. t10n "Iller:.. 

11ne:1:'ly r·Jlated (",;OUis ~ !l., 197:.:·). :'Ill! :fHc ie~y of 

ra;lj....:. tI.on intel:'C(!pUon "til the O.t'OD v.:.;. la:g;:ly (I .function Of 

:" ... \! (~1hiblea (1);1 ;:0001', HG5, 1966). ;~t-']n.i.t El,. (1981) 

l"Uoorded low ut1Dctlon eOi!U1c1ont (1taO.3) au:::!!~flt1ng thot 

oanopy stl'uetlRO woo J!f1c1cat 1D a~1ng lig!lt pa%lotra-

1:10D at u1:Uoal LAl. .ork dOD.: at Trlnidac t':JV 'al.e:l that 

p1goonpea !nett1c le!Sly ueed the int31"Oophd solar Z'aJ1atiOD 

Ie d1'y .ttar p:roduct1on. "i aJt>t'l inhrcepted Ught uoe 

3I:10SIHIO, of 0.91 LlOO 1.08 pn:' C3!lt was oba(l%"'9'ed With short 

daratiora and lI1edlU111 da%'EItion piga)Dp(.lll cultnrurs l'especU"c4, 



... a 1'8OO&Illaed ,. the p .. iad apto llllzi_ dry IiWl tter 

proc!aeti.oD (tiQghe s !1 .9l... 19901 Nataro3BD aoo w111ey. 1979). 

Beat anit 00110." 

ROIlOlller (1735) 'WOo or~d1ted with the f1rst enUllOSa­

ti'J n ot th<.J h,:dt Imi t eooc.:pt. Lie found 1;hiJt Otl!'!! 0:1. Qla8fl 

dan.,)' air telllpurctut',_; rcqulrad by a up cloc tv rJ(;Qb matur1v 

vas COl'Istallt flootlI luiJJ.' to :J'Jar. :lotlOsincnul t (18~'1) .follwed 

tbe same IOOthod alii oullo,j t;JI.; oalo .. l: •• vJ au,,-; r·c:.uil.'·,'1!lti111ta 

. 'do<reo (l818'. ?~'-l!l·t \l.;vQl0:i*unt ls ill=u.bitoil by tID, fJ['Gture 

below e certain l(!v(;l. rei JrroJ 10 a~' 1:Ia1J-l t:Jttp'-lrl''I;urtJ m:Ii'i 

this t'o!upcruture 10 l3uoiltructod ~ daily !:L';jO ~tll10r.ltu:ro 

before Ciill'.r:I1ng out ti,,, aulll:a ,.t;ion. nant UO"I_<'O~t:lt wae 

aloo inbibited lat 'c'"w, -'lr"';ll1't.) hi(jlur th.:.n optinlul:! (GLlnlaL-e 

and 'lOSors. 1358). 

',n o<!!ll'ltiO!l \1(,fj "evdop.!(1. to lIetel'l'111'1'" lI'grce days 

far oo!1i1t1Ol'ls wh'Y! rona t'lmy,"oture wsn above lIa11y lIlin1lllam 

OM optimam wa:'! 10l)s tr,an daUy r • .'d.1U!I tlll'1:"8rature (BaskervUle 

and :a1n. 19J9). NlJ'ttarUlon (1948, 1955) ploneered studlea on 

tho afteot of t9!l1pCI:'ntare am photQ!>eriod together on plant 

deTelopaem. 1»gl'Qo days were malUpl,l<3d b1 _e~8 

;moto:9?~od at the rJl]DOlog1oal phaSilO to obtC.1n !)botothoraal 

index. Tit,: il3gr'38 day oathods vere e!1l7Cl to tau wban the 

dUf 1J'atloes in de"f'~lo!G,Hfta1 phaac8 tl%'we duo to IlnU 

1I01st1U'e (IdSO 11 !l.t 1918, Iwata, 1984). 



001'relaUon between by a'lUU pzod .. UOb .., 

8U111 at. air teaperatUl'e was obtaUled ul lIOybelilD (BolJu. 

and nobertllOft.1959. Uoh13aa,191S, Ra~pUt. 1900), _, 

also in Wheat (OlaltraYarth1 ., d e.ehu,. 1983 a, b. 0). .I 

positive a1gDl!loant correlation wall ahCilWed 111 pS8'lOapea 

between acolJculated temperatuN lID! to. seed yl8ld aDd DMP 

(Chl-:1l11 ::a~. 1979, Dhlnpa 11 !l't 1980). In lID_tard, 

s1allar results had b(?en obtolDed by Ravlll4" (1985). 

Uehi~1IIl. (1975) eonclD1ed tbat the a. at. air teap~ttI" 

was hishl,y :responsible tor tho acoomulat10n 01 dry raattar 

of 01"Op stand. He also obtalfted a relatlOrl batwe<lU acculllllla­

tioo of dry matter and OWl of solar rad2J_:, tlon wh10h tollowe4 

a sigmoid pattern. The poor dry matter aocumalotlou 1D 

the earlier staces wac attributed to poor oapture 01 solar 

radiation by the crop canopy (Iwata sud Clcubo, 1969). 

Nuuient uptake 

Plant epec1.:s dWert!d tttaosb'4, in the uptake, 

translocation, aCGllllWlat10n and aBe of IIlneral elomenta. 

If this were Dot SO, tbe groat 4iv01'8it7 01 plant. DOW DOWD 

_a14 IIOt ex18t. Diversity SIIOng «allOtypes, CI11UTOft, 

Y8rleUe., UJbB, lDbred8 etc. ',lthiD 8 pl .. t specie. toZ' 

81neral al_eut. uptake t translocatlftn, dltrtributloll. aDd aee 

bad lIeell Z'eGOplsed f. _, 1138rs. If.e=olJe N'f'1ews bad beea 

writtea OD the 8ub3eot (AntcUSOY1c8 !l !lo.t 1911, ~. 1963, 

;. ...... 



:petelD, 1912. Ioaucbl1, 1916. MlllSltaD,1961. l4array aD! 

BeaeaD,1976. SGrlc,1991. Voee,1963, BroVD !1 !l., 1972, 

.)(. 
\_)\I 

Brew. 1978). foa!"ge dU!el'QDoIas :lIIIOIlg {l'eDOVPOO f=, lIi.Doral 

e1001eDtu should be recognised (Olarll:, 1983). MIlDl dUfar9llOos 

were ODd::!r geD(ltlo oOl.1tl"Ol but thoil' exproesioD l11gbt be 

altered d!':lIlPtioa1ly ",beD tbe ploch ·of.:!re (\r0l.m uDder 

dlffOl'Qllt eDV'irol'!!!M!bts. ';b'3&e gllllot3'P'l :l1ff'lr~lloos helps.] to 

e:rpla11J plant &d!lptilUOtIS to !!Ilmy ClilIe"al stres!) oorld 1tiODe 

Doted throQgboat the world (Dev1lJe,19E12, JUIle.19'70; Tlor1sOD. 

1969 J r1£;h t,1 :)76). ~osc d iUare!loee prQl9'id ad the basie f~ 

better ,1dal't(lUOIl and BtI1'Vlval under unique 1Il1lJaral 0,"_ 

condlti0D8 (Clark, 1983). 

nUj3lli ao1 l'lltel (1956) analyaed tho butrhnt 

conteDts ot pirrGOI.1p'.m l'!afls an:1 !OUD(! tbElt 1.12 N. 0.36 1', 

0.72 I so:l 0.49 00 !lor eellt 8t lXlI'lJ'e€lt stt'G;e. Tl':iG apt.11m of 

tot .. l phOaphorUa was fouD\] to be 150 ~.pl:mt-1 (:::helilrake slid 

~lorayaDan. 1979b). The phosphorus content ill the 1,.£, 

stem, Gl"'.lin :.lDd buok wero 0.194. 0.124, 0.,.15 ODd ~.104 ,er 

cem respecti'nly (Hegde &01 sara!, 1992b). $.bey also fouD(! 

out tMt tbe potasslUlll CObteDt ib the bill! stell. gl'&I1J1 aDd 

bUH were 0.5. 0.27. 1.22 ;aid 0.33 par oant l'esp'Jottvely. 

Seeds were richer ill m>t tbaa tbe otber ti!!SQOB (~tb:! and 

Xbatri, 1962). The ohemical BIJ8118U of the seed zoeveal.d 



that the ~telD, ttlt, ash, 080, MgO and Fe OOII'ell1; vera 

22.", 1.45, 3.21, 0.128, 0.205 per cent aDd 7.62 -ell 
.re8P6 (JUvel..1 8 t Jia'vast .taga (Pam and Iilpur, 196,). 

Nutrient uptoke 1D different eap COBpou!lSa 

2lle nutrJ,,' nt uptako of n. 'P, K, ~ and l<fg were 

fouoj to be 13.15, 4.GB, 4.5. 5.4 ond 2.2 Itc.h.-1 
rC8:;xlO­

Uvely in a varlety 01 pit,""Conpee w1 th tho .,!'tT' of 1825 
-1 kg.be (Metha and lhatri. 19(2). ~ erilllant aat'l.1uotcd at 

S?l'lnldad Z'3Yealed Ur; t the total Nl'X, ca and ~ oonteifted 

'; - ~ I 
d. 

in a pigoonpea ""drty yilllll.lne 5200 lr{!.bB-1 ot croon poda 

were 196, 17, 53, 4' and 31 tra.I:la-' roo XlOUVely ('!"J&llll .1:180). 

r:tuo1es on llll'tl"ie It aptab 1rl p1geoapaD roYoaled that thlll 

total rmt. OIl and ~ V'2re toond 110 be 216, 12, 168, 54 end 

19 lEe.ba-1 respeettv",l,y 1n a varlet, ot 147 days of durotiOll 

wUh 12340 kB.boa-1 ot ))rl.. On a n avaroz~e 109 kg !; end 

14 kg FoU-
' 

WUN rGfl;)wd b1 Iii erop of m.~itl'l dur,jUm 

pigaol2Jl8. eultlvBr (S1n8b !1!1-, 198';). 

::xperlmeat oonduchd at ImlSAT rn'ealed 'that the 

n1t&'QS6!l oollhat of the Ree at Jt.; "trest was 0.5:3 per cent 

(Sheldrake and l'Iarll9aaan, 1917). Sheldrake am NaraJ&DaD 
-1 (1979) :repGE'te4 that the uptake O! Ii was 2.5 g.plant lD a 

var1ev with 160 da18 of dllZ'OtiOll. oaloulat1ons had Bhcnm 

tbat the :re_bUlaot1cn bOil tbe 1.JllTIlII could be aOOOWlt 

t_ 110ft of 8U_geII 1ft 1be aeed8 and tor at laaat halt the 



phospborus (Sheldrake aDd .Ilara"lIa~1979b. Irizarry am 

Rlwrli.1983). liigdtl elk! Sara! (1982) .tolllld that tbe N O(ll)1811t 

1D tile l;;::d, ste., gralll, lim hllak vue 2.8" 0.9£, 3.21 and 

0.89 per cant respacU",l].y at bIlr'r'!st Btaae. 1'he B 00llt8111 

1D the ~q1D ranged tro.3.5 to 12.9 Pill' oam (Shel.4ralte 

al'Jd Kara;!'I-::a, 1977). 'fue 3!IOQDt of N il) tb~ root eye1 •• _s 

9St1ll1at~ to be 10 kg. he-1 (;;h~ldrilll:(i clDd Nu.::JyanaD,1979b). 

'l!J.: tohl aptukE; of n1trogall and r.bOll):}>orus ranged .tll!01I 72 110 

216 kg.ba-' sa:! 10 to 24 _.be-1 l'GIIIPGcUva1.y at htrvest 

stall'!! (A!Il3l';at, na1). Al tbough pleGl.'npea Bect.ulatad Up. 

-1 
}01 kg. r:!JII only 21-49 p l%' lHDt 'liD::; tltll1sed tel' sead 

dn'elopma:t. The lC\;: yleld 111 td-€SODpOO li11eht alae be 

;~ttr1blJtee to the pOOr utilization at sec IJIIIll ated D1~8D 

(S1Ims it ~., 19(3). 

(1917) .toiJ!'rl that tbe total pbosphoras upt-:.ko by abO'n groam 

pQrb ot t~, p1ut grow!l 111 blaoll: 8011 was 5.6 kg/ha. 

Haast.U."_Qn~ (ID field grOWII plmte ha1 shOW)) tMt I, :? aDd 

t optake took place throughoat the T!!INt~' tive pbaH am oOD­

tiDQed d ul'Uls the reprOd ucU ... e phase (Ij(i~ :r"3.l!'l :.01 ,ille]. 

1900). 1'tlt pe%'OeJJto~ oOllteDt of thoso ele!llanta 1D the 

venOM V.get"UTG orgiJns 4eel1Ded t""",rds rapcodoct1Ye phase 

(Sheldrake ud RDrIl111l8ll,1979bJ Ab1a\:at ,1381, Ohel1ban aJi1 

SiDgb, 1981). 



PrOteiD contellt 

fhe P1'Ota1ll aoRte. ot.,.,t 1:gt1111t8 is "Uh1ll the 

l'8lJBe 01 18-255< with a tew flxaepUone (36-40 per cent 111 

-:rWan). Over 200 y;orieUas 01 piceonpea hoo 'be en aaa13aec1 

for protein ooatent ",hioh was 10 II)d to range !rom 16.1 to 

30 per C<1nt (A'braIIf:. 1975). ~e peroon1al pigeonpea typJs 

had b18gor ant' hcavi'Jr aca(ls than th& lUJDaals and vioe-v::lrGB 

10r protein ovutenta (RtlthiDaOWtlll.Y .Ii1 11. 1973). It ha<1 

al. been reported that earl,v IlIlIturing oultivars had higher 

seed protein (20.62 to 25.5 pta r cant) than lat~ IIIIIturing 

onee (19.95 to 2 •• 15' ) (Trip,~thl. 1975). ~l':: prote1rl Conum 

01 tIl e pi~ODpea oul UY.Jra al. rangud troll 17.9 to 25 per 

cent (Singh .u !l., 1970, ,>harma U. u... 1976; ~etteh. 1976. 

Geervani.1980). ; Uh resr.lZ'd to in!luGnoe of sow1llC date 111 

protein cont\! nt, apcrilllllnt CCDdIlCt Jd at Meerut with tbrae 

datos o! sowing viB •• JUDe 7. 22 and Jula 7 ~ualed that 

June 22 planting riJOorded IIIOre protein con~r.rt than thil other 

planUng8 (Singh U 21 •• 1981). Howey;:-, Singh U~. (1971) 

tOWld that protein content ot see was not at all affected 

b1 d3tea ot sowinga. 

St3biliV v~am:.lter3 for cOIl.,arine V<i.!'let131J uD<1ar 

dWer'.mt anvizonmUDts had '(1".10 fCll.'lllUlaWd by ~b3rhart an1 

Ra.eU (1966). TIl;) var1;.lUon arising from t~l: lack ot 

OOftl)spomeftOG between tbc g9t1;::t1e anI n:m-_::en_ ';!c cf!eots 



1. 81. n.wn 8. senOVJKI x enTiS'O_t iDte:racUcm (Vuta 

:lnd CUll, 1915). Frey (1964) foam that lEan aquRe. due 

to .vaill x erMzoment 1Dhl'8ction w" h18hl.v II1g1l1t1oBllt 

tor the group of l1Do8 .81eeted under lion stress GOodlUoDB. 

A atady wi ~ 21 S'lrcJlllC hybrids at aeven 1oo:3t1008 oyer "­

years 1nd:l.otlted d1.t!erantial respoa.a of genovP€S gl'OWD 

Ilftd :!r 11.ff~rent !J!Tf1roDlIlcntal condit ion. for yiald (Liaag 

am "alt'.'r. 1;166). 'Volootlon ot sorghum yarleUes 8IId 

b..Ybr1dc W!l" o3t'!'1od out 1%1 8 aerieo at ..act Afrloan 

onVUI'Utllrults ~ur1Dg 1366 to 1970 by ltitjlsu am:O:';dtt "972). 

Gamtype x 'f!'!'f'1:roD1!l3nt 1ntcractloc W08 signl:f1o<lDt ::or 

aU yctll.'f! ad genotY)1Gs USIJlUy differed 81gDl.f1~ntl.y 111 

their rcc;riiioe1o!l on en';1ronoents. iva v:) xintlI?J8 had _ilEl 

yield above the c;rill'lG meum :lni! tbtl ri18l"cJBs1:.l} ooe.ft1c J.; I'1t was 

close to Mitr. oot their _an squnro deviations wore 

Imdeairably la"'go. :'()Ifte genotypes ohawe1 evidence of r,ood 

ylelC! stnbUl't,y but thair 8u!lerlorUy over local env1.1'oDllIent 

WD 112 doubt. C:lgn1.t1c8aU.,y large partion of G x ; 1Dte!'Oo­

tion was aeooUDted ft.'IJ: by the 1111081' oollponeDt. The DOD-liDear 

COtllpQT!l!lIt was Dot elgftL:tloant aDd Us III8gDltlJde wall OCIDalderabl.,y 

small'll' tban thot ot 1111031" OOIIpoJlent (l'alaDlswalll,Y it.!1.. t 
1378). In oai:"" st;-bil1ty was gonetieall,y controlled 

(:::cott. 1967). sl.gnU1oan~ G x Interaction wa:: obaernd 

fer: EltIIlIbel' of ~11'l8/plant. 1)1l11t he1gM and ,y1eld (1tIll. U !l., 
1!n'6). G'3oerally, 1Il~ thaD 80 per cent of the yield nri:ltioll 

for lndlv11aal variotiee was doe to l111eax' regression response 



! , 

'. 1 

(IAD£er U. !l., 1979). In MDOtb bro_ po.II, G :II: .~ 1n'&ezeo­

Uon ... 81gnitictaat .for plaat ha1l#lt, tWer delllJU1, tillar 

4r1 wa1gbt, leaf orca aDd !Drace 11o1d (!ran U !lo, 1916, 

1977, 1978, 1979, Wa1tOD,1976). 

Vi th ragord to pigaoapes, Ha.ll'la38m (1975) lI'ladLed 

'lh~ liDear and DOD l1near oomporullrt at G :II: :, inte:rec'liOl'J. lIe 

alao showed tlli t largo pl'Oportlol'l of genotypes ohowed lIIOl'e 

1 iDe Ill' OOlllpOllenh that'.! Don UDElar oomponents reepeoti'Ye17 

for the follow1rlg tralts D8IIel1, ,.h1d per plant (73.61 per 

cent. 26.39 per oent), numbJr of pods per plant (77.43 par 

oent, 22.57 IX'Jr coot>, nuober of eeed. per pod (48.:l8 per OiJD'l, 

51.02 per cent), nuober of prll!1Bey branches p.zr p1:.:ttt (34.21 

per cent, 65.79 per oent) and aeed alse (78.99 per cent, 

20.01 per cent). llIIpOrt!lQ)c of studying the G:II: .0 for 

physiological troito for O1'Op ll11prOTement wac atr;ssed b)' 

Lawn (19G.:). OV.r 100 genotypes of picoonpeas w"re evaluated 

in fiTS envirOnments. The G :II: ~ lnter~ctlono ware found 

a1g!l1f1oODt in tho oalle of pods par plant, branches per plant _d 

1()()()-gra1n weight. :ihll linear COIIlpOn~t of the G :II: ::: was 

found to b-J silJ,l1f1o llat oD13 tal.' days to _turit,. ODd gI'EIin 

,.1.1d per plant. However, lts Don-laoo.: OOllpODent was 

slgft1flollnt tor a1most all thil ohllraet,Jrs (Jill" aboraD !1 !l.., 
1961). The IIIQgDitQdto of rang\) tor phenotypic Tar18bUl\y was 

blgb tor all ohal'!lete1"8 a_ept saels per pod (Jag lIoraa.1983). 

Jag SbOran (1985) found tlw t the rcls tlon8blp betweet'J linear 

and DOD linear reapomtlls wera obeel.'V'ed to be character apedtic 



1D p1g9oapea. He also added that a stablo vllriety 001214 b. 

def1ned a8 orle with WIlt rllpesslon (bla1) am low deY1atiotl 

from l1Daar i v (s2dl • 0). 



MATERIALS AND METHODS 



IXlA!"r ,n III 

Inv'!.U.gat10ntl oot11Dod 1D the thesis WGre carriQl1 

out duriDg 1984-a5 1D the :)c~')..r'to<Jnt of Crop ?b,yslo1OEtV. 

TOIdl. lfadu Agr1cu,-turlll. Un1nrs1V. 001l:lba1ore. to oollect 

apecU1c as 'II «11 eo comprah01l81Te lntortlDtlon the po_lbla 

dfects of d1ttc~nt datos ot oow1Dg on 'tItl' growth and 

ph.ye1ology of pleaenpoo. II briet IICcount of t e IIdt''locblo(!les 

adopted and IIl8terSale utllll18d are eluoldjted 1n tne tollOw1nc 

1be experiment was lalc) out !.llJ2er field conditione 

1n the • E' 'block of tl.e NG'W ,!\I'Qfl. MUllt :::lr'3edlncr '1t lUon. 

The d atolls are glVen below. 

')es1gD ot expcril!lent • Ranr:iomised 1l1oclr.:a des1c:n 

Cultival.'S (~1x) 

'1 - 005 

V2 - (looa 5 

'3 - 'IJl>A f 120 

'. - CORe 11 

'5 - ;>L;'; 361/1 

'6 - A 1 

'l'he .. <JCla were obtainod tl'Oll the ?ro!essCll" of hlaes. 

SChoOl of Gendlo., Tamil Nadu A;;rlcu turol UblversU,.Oolla1Nlt03!' 



Ts'e8U1l'11Jt. ( .t. o! eow1oc) 

Rep1ScatlOM 

Plot 8ue 

~1pBclng 

nalA J"ocotlllrl 

• 

:'1 - 21-2-1984 

~ - 21-6-19$4 

~ - 21-9-1984 

~8 

3.6 x 2.25 • 

45 x 30 0lIl (ISh?" aur.t1on) 
45 x 45 em (long dur:'tion) 

~e expcrloontol !lel,; wao situated at 11.02- l'! 

latitudo, 76.57"~: lortGitll'!e and at an altitude of 426.76 11 

above meon sea laTe],. The O(;lon IlTJrtaGO ra1ntall wao about 

631 mm, whUe the m,:an maxillam and m1nimUm tOO1l'::raturee VElZOC 

30· -: and 26· a rOsi,10ctlval1 • 

. he 80U was onelysed for Us pbyalo<.ll am oooldoal. 

OClirlsUtllents before oow1ftG EIQd tho data arG ,r\lsanted below. 

!!.'he PIlEI Ueld was used for cl1l tiTJticm 1n all tile three 

.eaSOD8. SO. the 'V'lrlC1tion dlle to eo11 wao el1l31nated 1ft the 

~.eDt etlJd7. 

1. mule1 ~p!!rUe, Qpntaptg 

S8n4 49.92 (?or oent) 

coarse sand :56.41 (per oant) 



~ saad 

Ola,y 

:~llt 

Yolume 01 exp8nal .. r. 

MDximUm wat31' boldlaa 
capecl", 

Pore 

Apparent don81t,y 

.bsolutfJ aJ)Oo1f1c pI.'lVU7 

"vall.nblo P {kgfha} 

Ava1lable IT (01'l;8nlo 
o;;r'bon _t lOCi) 

';lm )",ftfOable pOtnsolU1l1 

xc~~neeablc calcium 

:xchangeable Magn :s1um 

xchangeable 80diam 

"xc'1f.lngenble DAr 

13.51 (per oent) 

• 38.17 (per oeDt) 

• 12.00 (per ceDt) 

36.25 (per oent) 

37.66 (per 0(01) 

, 40.56 ( per O<lf'lt) 

1.62 

2.66 

7.4 
0.210 

5.20 

7.12 

2.01 2JCr cent 

0.114 per cent 

0.060 

0.270 

Botore BOWing, tM GOods WBI'C t1' :)t:!d '1: th .llavlstin 

.., 2 t:/'tt.tJ 112 a polythenc be " to ensur' a uDitozom ooetlng (¥P01' 

th'3 _ed. Aflel' 12 boUrl'l of britvlat.iD U"dQt'1,:nt, tbe 8Oed. 

wort! GIIce 8118in U".:atod wUh llWobilll pJa t cultllr"J. Tho 

r, 
'1 " 



1JIOoal.&a _s obtained f%'OlD tbe ~'4IpertDel'lt of .;grioultta'Gl 

IUuolllology. 'rllllll MeJIa ,gricu tural OaboX'sl\y. Joillbat .. o. 

Jaggcry (125 g) wes bOlled ..,ith 50:, III of vat or aDe! ooolad. 

It was Wled as edbesi'n to 1nocalate the nhiMbl!J1 "Uh seads. 

Th~; U'8i:lhd .eada ware dried under shado for thlrf;:y aWt12t •• 

be.t'orc sowing. 

Jl'erlll1aOl' closes 

l'a!'tUl:aor wac basally ap:pl.led at the l':lte of 

20.40.0 (~ • .?I) as ur]a, superphosphato alZl muriate of potaeh 

I'OSI.~otwta1 at the t1r:le of seed1Dg. 

IIQ:lthel' oond1t1ons data 

:b" cxpcr1o~nt was oODctoet(JC1 from 2'-2-84 to 26-2-9;. 

':'he lI'letereolcc1cal .}nta of ClBxl-. t:l1.!Ilmll':! i;om.pareture. 

rolatiV<l hllmid1ty, DUrlIlhine hours, solar r.Jdlat1OD. aTSparot1on 

nrv.! rainfall 1ere rcoorde« at the Ket9O&'01ogioal ObeerYatGry. 

Tamil rladu ,i,GX'1cuau.."'Ol UalV~r13Uy. !))1mbltar'J. ~ll (l'J~ OIl 

day leneth at "oN latitada were calculated tX'{rJ tho tob1e 

publll1hod by C.F.Jao'31la and Co. 'l'he IIIOD.1, total and III4&D 

of t.lle aetco1"01og1col obSsrv;:)tions W3~l U)Sod out am 
preee"ted 1D ~ble 1, 1a. 

samplos wore d.rawn at su stucco n81l1G11. 30, 40, 50 

d838 .ttu sowiftg. first tlO'lltllrina. SO': !1ow'~r1nft am h8%"teat 

stap. fo&' 8\udyiltg snwth an:1 denlo1)ra'~l'lt. The varlou. 

p_aSo1osioal measllr'lII1\;n'ta ..,eJ'!3 _de at 50 days aftar Ii;'OWing. 
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<is 

;-J.::::e -; 3. ~'!:':,n It 2:": orol ~,;j ~,~, 1 o\,~,>::-I'" \ t ~ 0':' jut'! rC: the 
j'e:-ioJ 

c'r0i'~· t!' f; 

" cf 0J: tlyars Te:ll- ';rJ.turc CoC) ;J.el:ltiv<;, )un-
, ... i ~~: ----- ----------- ~:::~.:~~~~_i~'! 

"var°x-a. Sol;'l~ rB- Ra"lp:'! of tl!lIr.40 
?[_-iX. ~in. 

,<;::1n", -:;1 en 6 L'lt for'! __ ._~!!!~r~_~ ~ql ..... 
':;0UTR (,. ) 

Mox. (,~" l.c'!! .... ~Ia,; • Min. 
min 

-1 ; 
:-_2-·_:..:::...:_:.:.__:.:__:..:.._ 

,,\, ., , .. ""' 
.j "~ 'J 1,'>'.11 , .. .0 16.'.i , . • L! .. . ~ .: , l':'1 , 't n.C 16.'5 

" ~7 ,r': , ... 
~; .0 16.5 

... ,; -,l-
• .l.! ,~ . .";' .0 16.5 

_'_' _' ---==-~~:':..:.:. 
" 2:::. OQ "12.70 t.b. ;)4 6. y~ :, .. 9"> CJ.{.:' ' ~,? .0 16.5 

'" 1 Z:- .0> B;: .G,'" ,; /, ,8~· o. -'2 ~1 • ,10 :_l ~ .Z1Q "'7,() 16.') 

" .,:' ":: • C~ 02.(11 ':., • 1~5 b.nO ::',.S::; 9~ .W Y." ,C 1 C.S 
-'l:' .. .,,-' 2::.0; cC.7< ';.:If' 5.g1 q',.:'I; "<'7.C' 16.5 

J_' ,_ .. .-:Or CO .• :< 4'1.3S 7. :'') '5 0 0:> qq. ;,:'1 -"7.0 16.5 

~ -~ ."" ... ----.----
.1:,4 2:' .01 S1.g:, ')3.41 5.7· r:; .He -:-.1,',2 ~',,5 17 .8 

·'C .:::,j 21.71) 81.94 52.81 '; .81 ~ .A6 7[, .... :;, ~~ .5 H.O 

".- -j .~ ':: • =-C 22. '1?" 81.73 53. bj 5.57 S .87 1').)5 33.5 HJ.2 

.~ ~1 .?7 W ,>36 5 ",.2" '':;.71 S .P,4 7~.8? 3'"'.5 16.61 

':':':':'':'''~~ 
';::-.. ~~ 2C.73 8 /,.34 52.79 6.'i " :,.:)1 e·~ .8'. ~?i. <) ".7 

. ~'~' :::'0.69 !3t .4:) 52.I,e 6.59 5.OJ At;. )1 3~ ,:; 11.7 

co "4 6:: .~6 S"?r :::: • .e n 4 • 9r~ [-Io:-,.,'Y'. '.' 11.7 
" 84-.44 52.;)2 t> ,6:', .. 4.99 IlL,in ~ ~ . ~ 11.7 

", - :r.~:, 5 ~: 8,,6 5."..2 7:.,. ~/. ~ 1.5 11,19 

~~-:':';T 

.. 29.?4 19.50 89.27 53.45 7.55 3.33 94.OJ 3).0 11.7 

??:::::: 19.45 89.35 53.14 7 .. 58 3.37 94.50 3~.O 11.7 

','PAC 12C 29.',7 13.37 89.17 52.22 7.72 3.49 98.91 33.0 11.7 

:~"C:;:;' 29.36 1::; .44 89.26 52.94 7.62 3.39 96 .. 01 33.0 11.7 

1, 1.,0"'''' L:-.:-.t1on 

C:'RC; 11 29,61 19.12 88.86 50.52 7.69 3.62 97.31 34.0 11.7 

n.s 361/1 29.73 19.22 88.39 49.97 7.75 3.69 99.00 34.0 11.7 

SJ. 1 29.84 19.16 90.75 49.24 7.84 3.76 100.76 34.0 11.7 

Xe3!.J 29.73 19.16 89.33 49.91 7.76 3. 69 99.02 34.0 11.7 

Gr.:lnd. mean 29.55 19.30 89.29 51.43 7.69 3.54 97 .52 33.5 11.7 



f '1 
't " 

fllret tloweriag. 50'! tlOV!lring on<! hSl"Y(lBt stnge.. neld 

aid 11e1d CIOIIPOllerrte were anal.,yeed at the tlllla of hllrYoot 

.,aBl • 

. lrOWth attrIbutes 

!l'h" I)-·~.oot lll'lbt of the ~l;;n' ~El ::)J1l1l:lZ'O{i :!rolll tho 

erouoo l:7T:Jl. '\l) t;,'3 r,rowIn.:;; till ot ::fi',r ~t ntocot'l and the 

::wars!?;) wan WGrkod out :for five ,>lanta "vl01!ll3 ill olloh 

repUcat10Da aDd Upressed .In era. 

Th.:J distSZlO(.l from the bIlS<! to the l~t'IGcat root _. 

me_suruu at dittel'~!lt stati0s an.: the av<.!raG'3 wae e::-)r:ssed 

in CIIl. 

TM n1l!lJb.21' of br::.nch'ae were counted at all stages 

bj' d :!st!'UctlvG nnalyoia an;} t!1f! 3V:?I'tIC'> waa c:z;rr "'Boed 88 

~ber ~r plant. 

Lao! nambar 

Five plante mm each :replication were ra ovod at 

rantlOII aDd the trifoliate leat _s counted ae Q single UBit. 

The sob. of 1eaveo 1).r !llant was arrive,; at thrOugh working 

out the DleGD of f1ve pl",ts. 



the toUowl!lt~ f .. ala n!)j expl"Jseod as nUElocr of 1 JlWea per 

da.V. 
Number of lORYes at mL1bor of lJ8vv. 

LPR • 8000lld etap at .t1rat nap 
HDe 1nternl 

~1' 1 'Jat arne ~aatluremclltl). t"J:J wqi6ht to area 

r(llatlonshlp wao uUU.aed. FUty 1 woo of th;! sampled 

· l, 

plants were taken tl"Otll d1ffel"Jllt poel UODS at random and thou 

arca was NC'1'd84 as11'lg tbe Llcor-lllodcl 3100 OonV<lY<l1' bolt lon! 

area acte1'. Tbaee wer;: f1r.ally wG1{~hted att3r drying. Th(! 

:rest of t:: 1'2 OVOS W\l1':! kept 1n &rI OVen aDd the ir ar<!11 WI!m 

COIIIJ.')Uted on t,i c basin ot area to w(liGht ratio ::It all r.ta:~:6 

aDd the avet'&[;<3 was ()xpI!'"saod 1n CIIIl-2 ~}'r ::,lant. 

; or 3et1n:t1ng the dry O:Itter aOOOOlQ].:.tion of &tara. 

loaf ODd root~ the ontu.e plant was pull('c1 out .. 11th 1Jo,;t root 

damago. The WhOle p18l'lt was sO:Grated into 1J8f, stu, root 

aDd drl~d at SO .t 1-0 for 24 bOUl."a am tll) dry wsl1#1t of the 
-2 8tG" zoot and leat were wdGbad 8ZId Cxp1!"?GGOO in g.1I • 

Shoot/Root ;r:atl0 

SbOot/root rc.tio wao c:;loul3t~ by both lanr"th 

and dry we16ht .. tholl. 

Lent/st_ ROde 

r.o:.:t/atem _Uo _13 arrived at by d1.,1d1ng the loaf 

dJ:1 we1&bt '1»3 atGm t\r,y WEI~··!b,P root; we~'$ W88 not 

iacltlde4 In the at~,.F~ we1sht. '~ 
:::'/ _\'J.,c,al9- :~.~ 



ID~u:nctaa1 I.e.! Ana (II.A) 

lLA va8 oalcul."ed b,. auiDg tho following tortlU1. 

and (!Srz'!8804 111 CIll..z. 1 ,at-' • 
lLA • ru2!.~! Area 

Total lea! number 

II. waa arrived at by a81l'l8 too tollow1llS fol'llllla 
-1 and expr:,IHIJ4! 112 ~. laat • 

70tnl 1.llt veig!:l" 
rIM- ------

lOtal 118! number 

Leaf ,,,"<..>8 Index (LAI) 

- , 
01 

:!he loaf OrGS index vila oalculatod by lJ:lployiDr; the 

formals of ~,ln1.Qms (194(;). 

L'· I. ----------

L:mf _\1'~ Rat 10 (LAn) 

~ Lt. ... woe arrived at by usinc tht~ torlllala of 
-2 -1 r:adto1'd (1967) Qnd the vulu;;s cxpr '880d 1n 011 .c • 

LAP. 
:r,e::'f Dr ,. per plant 

Total plant dry weiSh't 



The LIiR 'lllG0 CElloulated by <;mpJ.oy1nG th~ torllUla 

SUggJBt'~ by KYut U.s.. (1971) and GXprJSINd as g.g-1. 

1.c'.\! dr3 we1;,ilt "er plarlt 
~"R • --------

Total plant dry woight 

nw Aart wac colOlllatod by uaing th'2 tarrmula Bugguato4 

by f.vet U!U.. (1971):Jn-J CX'1r.!scad in cr. plant-t.day-'. 

where ';, and "'2 arc tho :11ant dry wo1alrts at t, ,'lrl:1 ~ r:!8!)'3O­

Uvoly. 

t, and t2 are time interval 10 days. 

Loaf ~r()8 lurotbn (w.j) 

:'he .:._ 1:100 (j,;turmined by using the !Ot'llIlla SQ6.:,eetod 

by Power !1!!. (19G7) Gnd expr2Bsed in da,:lS. 

L1 (L1 + 1) 

2 

1.1 - 1.' .. '0£ arca indez at tho fh:st 8tag>3 

1.1+ 1 .. Lao! IU' 39 indu i1 t t:~ ,< second staat! 
'z+ t,- Ttaa 1ntc~ .. al !>·~t'l," m otagss 



SpeeU1e lies! we1ght (SLw) 

The ~;L" was arrived at bl wWlC tho tODlGla 8Ufm1i1lrta4 

by Pearee .I1.!!.. (1900) and ex;r"sood 1l'l 1; ... -2. 

:';L,' • 
r...oof dry wo1{jlt 

L.::;:\f araa 

~:1 toUo-din' tortilla SUG;:30tlld by :Kvat .u £!.l. (1971) 
-2 -1 lIao 9III;>101ed and ex;prasaed 1l'l om ., • 

Leaf area 

The ROO waD d'Jtcroinoo by IltUll111nc t~ fm-l1lla 
-1 -1 aug{1'Cetod by ;~Ullame (1346) un 1 ox r'.:lDo,;d in g.e day • 

Loge \'2 - Loge \:, 

~ - t, 
whore "', llOu ii2 aro 'vlherll plant dr:' w,)lghtc' at t, aD$ t2 

respcottnl1 

", nnll ~ arc time l1'1tQ~l 1l'l daya. 

Not I,Bo1clllatlon ate em ) 
'Ibe 118thod propoeltl! by QraSOry (1918) and modUled 

by wU11a_ ('346) vaG E!Dplo:red 1.Dr ealculatinc the :;,\:1 and 

it was oaloLllatad baaed CIl l(:sf th:Y w21cirt basis ill't'l th'3 

-, -1 'Y8luea w:ee u:t:I!'Jesed in g.g .day • 



• 

w'1e:ro, \'1 and ';2 ar<3 lilnf dry " 3ir:bta of whOliJ plant at., 

and t:? r.,specUnly. 4 aDd ~ are lea! dry w i hts at t, 
.. ro ta r?spilcti '" l,y 

t, a:xl ~ are tloo in days. 

,'rom. t~ dry v. ight of whol plant, '.~J.R 1119:' arrived 

at usinG t:.e formula a~:-;.::.>est.!d by ,'8tool) (0;:>:3) ond eX'r ssad 

-2 -1 in 6.11 .day • 

CGil • "2 - -"1 ---? (tz-t, ) 

vi16r'J, '1 and '<::; are thO whole :Plant dx'Y w:::iro:ht at t1 a~il t2 

t, and t2 arC! timo in dayc 

P 18 the ground Groll in \:I ;i..eh "1 and '2 :::we bOCfI 

T-'1i! dry !.!IGttar effie 1:.'!ooy wao e;,lculat,)1 hI milUDS of 

tho tarsla eull;ested by Kr1abllallarthy ;;).1~. ('~73). 

Selle yleld 100 
.___- ------- z --------~.----.......--



~'be l.iA lor 80ed 11eld and total D:n war\) c4lOlll.llltod 

bl a.iDg the jbllC'NiDa tortilla aDd tho Taloos are exp,ro.eed 
-2 -1 g.lI .4al • 

,ecd yleld 1 
11,\ (500.; yiold)- ----- :It --------------

Land area ~urot1QD 01 genotypo 

1 ").I, ('7 ·,t~::l :"\l'I-~) • ____ !E ____ ... _ .. _________ _ 

1x plact {1 ::'n 3GCh 1"l: IJ].1c:J tion WI' J morkled OIl 30th 

da~' !ltt'"r llDWing. ~::~(? t;)~on l,ovos and re:-1'O<luctivll )Orto 

wor:; colloctJd at wcekly 1nt·"r.'YUls 1n botw (Jrl rows of tho 

plante nn~ tho cUlllUlaU,.·3 wi::htC' were obt'-limd (g.plant .. 1) 

.Fivo plants trolll each l"lp11oatioo were rOOlov<:ld from 

the 8011 at b8r9""8t etar;c anc .-nalyee:l for the following 

oomponents. 

ill", rUJOber of j;l1'111"~ b!-300h,'I" were c)unt,Jd QrXI the 

man valae expr;.;aaod sa numbers per plant. 



II the pods picked in ,:J8eh roplleat1on WerE! counted 

and oxlll:' 3sse4 ao nW3bar of pod. per plant. 

number 01 seed par pod 

~(Hlds ware l"JIlIOVod troll tho rl.lloJoml,y erel«:thd 30 

pods. ':?he aeeds were COllated aoo the overaze was worked out 

ai'll e:x~JlQeaod 80 aaClbor of sa .. d i','r pOd. 

Atier dry inc a:ld tl"..rasr.1ng, the seede were oe, Grllted 

lroo tho busk. :antlools p1oJr,ed 1000 sea fJ waro COtlfttod from 

De!orcr 11~:"13:: ,tlnl'. th> ooads from the rode. t~ pods 

-1 we" weighed onC' cX0'reosiild as S. plant • 

Pod eet 

BeforG plokille the pod e tl'Ol:! tb~ fJoUctod planu, 

the lICare on the l'eoOlllCO, re~lJent1.D'::; t!::le a1:leQ1Saion zone 

of tallou bade, flowers and pods were oounted and t1'Olll tileBU 

data the ,;"reel'lta, '(! of pod oet WOo c,ileulat cd by octne the 

fOJ.'llllla fotllQlahd by :::hcldrake and Nnruynnan (1377). 

Peroon~ of • 
pod .. t 

:mmber of 1,008 per plant 

------~---~------------------------------ x 100 :;oar n!lobelr + llw:A>',r of pods par 
per plant plant 
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liarYdst lo.1ex was o!.lloulated by uS!ne tho following 

formalS IQJd ~:880d ill ;'l81"OeTl ;01;$ 

Gruin yield 
HI • ------ x 100 

Total pb,ytoell 

This was ulao c~llculat3d tul:1nC into Decoant taU'1n 1 ;af c:u:, 
we1gbt aDd ftproduc'!.1vG W1,:::1: ooterials S.lded to total iMP 

.otal !i1ytOlllBe) 

;'1 waD oleo calculato:] on 8flil 1"CY 0001& from the 

101lClilf II1;J to%'lllllla 

HI a ------------------------ X 100 

"or oaleul.r:ing ~nerliY value, tho Joorgy cantent of selld and 

D1:l' were consid3rod 38 4.45 and 5.96 (l.cal.s INiJd-
1 ) r.,jl!lpao­

Uvo l.y ( ;irlhe a aU 9\l3wina than. 19(4). 

mIl (r.I troccn hOI'll'oat Index) wac QU1C'11atod by the 

follClilfillr fClrmllla adopted by ~lpillrtz (t982). 

NHI. ----------------~------~ x 100 
Nltro(Joll uptake by ph,;,rtomae 

Ylo].C of G.rairl an(! .:uak 

After thl'aoh1Dg ODd drying, the grain nnd husll: warc 

wdghed aDd expr908cd in 6 •• -2 am B.plant-'. 



ihe cb1eopb,yll a. 'b and total. W\lre uetlDlte4 In • 

tulJ,.y IXJI8ndec1 yoQI'IG 1 cat 111 the 1l1Il1ll branch at B)'lOolt1ed 

stages by ellploylDg 1h() lIIatbods 01 voshida 1121. (1971). 

~o IilOtonynthatic rate wall ::l~9C1urae In Intra red 

GfIa Analyscr (I::1GA) model 225-2n-"~f. OBtl .ool.yacr (:·101door, 

1984) maolltaet ... ed by :>l)alyt1eal Devdopmont 00lllpllD)', 

ROddeedon, :ng1an-: (1!l!,J.oylnc d1tferential moaaurement teon­

nlQ.Qc. 1blO 1nstruneut wBe allowed to Wll.1'lll up 1nlt1al ad-3ast ... 

ments llI8de and set to road (;02 conoontrotioo at 300 ppIIl. 

'!he leuves ~'l%'tl exoic(.'(i undJ1' wat'Jr and placed 1Dside a 

pl,,)xiglaae c'1aobJr ",1tn a rcplocJlllCnt top w'lich wall conDllcttJd 

to t!lo lnot1:l.mel'lt. Sil..; top of t:lll olwa'ber weB Ueht1.1 closed 
-2 -1 aDd the ~te was eXjJrces04 111 tIIg O'J 2.dm .br • 

"toms_l "ltfllSl.c E.3sUtanC(! (O~) 

The eto_tol .1Ufwtl.e resiDtanee tor 002 _8 
ar:r1't'8d at by mulUplylDg the stomatal d1ttuslve %"slstanoe 

tot: _tel' with 1.7 (IolQlOZ'98ux aD' Chane:'. 1370). 

Tha no_tal dittu.tve 1"eSUttuIOtl (wat,21') w8a meaeured 

wUh • pre-oal1bel'8tod LI-1600 .~uto steady state poJ'OIIater, 

r..t-COR. LiD ColD, Nebraska, 68504 (USA). ntill _II 



::- 'li:,,, 
.), 

71:;- lea! w':lt 1r pot <'"t181 was (:l,;4our'l(! uoing p1'!lrusure 

bomb apparat UII at aoln.ctad !llWS1olo lenl st,,] "'JO 1n a l'IGUola 

of !till.y expanded yoar',J leat 1D the .1n brunoh (M<l1dDer,19S4) 

and a:lt"J)S'Q8S0/! ill JC>G. 

~,~ trennl'trat 1011 lilt. was m.'llsUNd Q': oeher'ad 

pbyalologSoo1 otn::''-':J 'n a fully expntl,;,tt! YOWle leo! w1th the 

h ',1;D of 1:.1-1 COO t.:,lte tua '~1 :'tOte1:'oroo·J1: '!", :r,I-',~ JR. Lincoln 
-2 ,." 

l'!CTavlm, f'JI3504_U:;A and expr'JseiJd in flIZ. om .' • 

~'hG leaf t ~O:~' .rature an<: r :18t tv\) hUl!lidl ty WBc 

_aeured at aalechd eta{~~1'1 in a full:' o::parilod young leaf !y 

us1Dg the Ll-1(,oo AUto StJe--ly ;'t:-'to Poromat'Jr, LI-"OR,L1nooln, 

','!braska 68504 (;, fl. a, t"lIIl>3rature was "x.,r"ssod in c;)l-::silUl 

and rola H ..... baI:l1dlty iio Peroel')~N. ..11 t;!-,'.' 3bo1r~ m(lQoure­

mnts Wtlre recorded ~~t 12-14 hour,: vitti toady "tate Porot:llt,~r. 

1'h8 l1gbt 7JI'HJV.1UOII in th. lIl1c'ldlc of t ,J OQnopy 

at 12-14 bolli'S wac 1l1a8oured oy Int(lgr''"t1n{; Q,1.;antWll ::a'H.OIIotJr/ 



(jli 

photollllter. Ll-COR - iDeh L1 18813 :2m e~I"'J.aed iD lux 

Pal_1appan, 1984). 

L!fat I.1ght lDtendt;v at the top at t la CaDOW 

!:o:rcep.. t1;bt ~t;~.lt;-a; t~;-;lddl;-ot the oanoP1 

Tho Ie VlllU(l was 'llfosed out by uslnG tho jD.ftIUla 

adopted by :iOns1 one :llckl (135'::). 

I ) 
10 

I • tidlt fluz daM!" to a horlmont:.l surface 
below t unito of leaf area inde:z: 

10- I.J.ght !luz dODsity abaYe thl) callOpy 

II • th'.l baoa to til: n rJtural 10601::1 thlllS 

It .. extlootiol'l ooef:t1civM 

Heot UBit Oonoept 

1:100 

!!.be olllllGlatlve Bumhino bourD, iN:'l"lOr-:UOfl and solar 

ftdlatlon at VSl"lotlll otag:l8 WOl"'2 oaleulatoJ by :u!ll'!latlon at 

dally rvcorded valuoa. 

i'he OUIIlIlatLTe day leoGth (at 11 e n latitude) vao 

oeletllatGd at different seleotive staGGS 'by ref J rring to the 

table pab118hed b,7 o.r.08aelli :'lnd -:'0., Iondon an,1 furn1sh~ 

in AppeDdtlt. 



~he total 01 IfUllllllAUYe Mot unit tor each Jllcm­

pba ... _. oalculaied •• a 81.11DaUGIl at ill; d811,y _an 

hlllper&turc :larUe: th~ orop period (llblllGrO .u. ~., 1981). 

'-' 

l) 1 

of daily meaD t?l!l,,2;rntgzoos aboY", oonoiD t':r'lshold i(llllperaturo. 

1h1a was OOlD}luted as follows (Iwata, 1984). 

:r.JG!','c dayc D 

(Ma::iaullI + Min1aUl'4) 
--------- - bao,~ t !rr;n;r;'Jturo 

2 

r~t! ti3lllper~)'l:ul'e 1S·C was cons1d~ra(J 11£1 base ialllpera­

tU:N (Johar¥Jon, 19134) for piaeonpJo far calouli:lt1l'lg the deena 

days. 

.,Or d1.ffcront staelle of gro,4tll, ::loculllulatGd pbo1D­

thol'll1l1 lJr1its wore oalculUtod by IDployiDC the foJ."lllUla of 

Ra~Ol' !l!!!. (1975). 

!rho product of <1OCl'!'"e (laye GUll hourG of bri~t 

8tm8h1ne hours was t3!.'IEd as hol1ot!lermal unite (-;ajput.1982. 

nastry aDd Chak:rQTurthy, 1982) • 



H!'U • GrOwing degree deys x 'Nunt> '11" :) f br1ltht 
suna',1D~ bou:re 

BODt lJl'lit !fie1onc,v (1m:) 

To CIOIIpGre tbtl perfortDal3Oe o! the VIlr1ety tnkeD 

ll!Idor dltforont datol! ot oow1D;~ with respc'(!t to uUU.8at1oD 

c~ n.Jl3t 1r. t2rl!lS of J3,7 dJgr,:oe durinc tho oro;.? fl!"OW~. the 

lro; WIle oalculated an '~-n 8Cour.mlat lJ to p!'Odu,c unit omount 

of ~ry llttor :-~r unit ar08 (:'Ujput, 19(0) 

HU • 

,\ quantity of 500 I!l€; of t,:(, driud on] iJ wd..n.-oil. 88IlI;,10 

waa taken in a pyro:x f.l.at bottol:lm! flnC!: :Jr,J .!1Caot Jd with 11 

1lI1xt11re at oulphuric aci;;, r.1tric ac1':= :mc ;m=chlor1c ac1U 

(219(1). Initially. 1t ,,;as :Ugct:'tod in (I cold ot:)t'J am t~1Q1l 

heated error _nd bath until an aohY whUe digest wall obtaln,Jd. 

:'he dlgaet wao filtered on' ::ad{) up to a imOllfD vol .. o. ~,1o 

tr1p1~ 30id aliquot W::lll uoed for ti"Ja "etil!l0tian of pbo&phorao. 

potaseilJo, olll.cll1!l and I!lltgn':)1J1-. 

l'bo8pbOl'lUI ,..S est1mated by employing thJ octhod fOX'llJU1&ted b:; 

Jackson (1962). 

oalc1D1!l and Mar,ooalum wera oetLmatod by Voroanate titration 

mat Od (JackeoD. 1362). 



!h' total nUrog "r:: ",as l'oU_hd by e~oy1n8 the 

Dat'loCl of HUllphr1ea (1956). 

The proteSrl content WOe ceti.mated by follow1»g the 

_thod of Lt:Mr'!1!l. (1951) al)J the valuen WOrel eX::I1"t)lIood .. 
-1 -2 percents'c g. plant BDd g.. • 

GtabUl\V amlJ'ais waa warltJd out by the lIOdel 

lJutr,ost·;d by ~3rh!lrt ODd '''moal (1)·;6). '!'hls model waD Good 

11'.1 this otooy to aaal,yoe th:: ee r»t,ype :It errviron::lent lnt arac­

tlee. Oonc1derine three seaoooc ali! Dp(}c1tle e'lV1roDoonta, 

pbotoayntberJil'l, :'.1\1 a'; 50 fi:'Mering. 1 >n:l'-eL'tl rotio. atelll 

"a"'~ht. ludlviduQ]. 1 ;(1f Sizll O!,!1 tot::1l ;~.t, ot ;"':Y!ot stege. 

Yl1:!1d ('l()QpOnent Il inclu.je. nut:ib!l" c:f ;',."ltJ p'Cr ,1.0 nt. nuob~ 

of bran<~ha8 ;>3:' plan~, DUl!lblX' ot 90.)(10 ;JCr r>od, 10Q0-0e()\l 

,,·,lght, ITI and cra1.n yiold. 

Ji'ollC'Ninc t'10 Ill> thodolor,y fJl&bcl1:atlld by ;bdrhOrt 

and RQS8011 (1966) throe pt1~lIIet..lre of stubUlty n3 D3ly 

1Mb. "Br'efle1oD ooottl lent (b) n!'ld 11l-3!:tn squ 1"13 d lTlotloD 

(8-24 ) w()r~ octlm0ted for ~Qeh cultlvGr. 



Yl~ - DUm ~rforoano(! of lth vone\YltQlllll.,y in 3th 
envUomn®t 

V1- avere:;o perfo.aooo 01 ,til TO!'11!t,yltGm1l.,y 0'Fe&' 
;)11 cmvi.roJlll)3nta 

bl - rei r c colon ooattJc iJnt tho t 0:0 OllZ"l1l 111 a 
rn.o,1ese of the 1tb var1'~t;v to vo':"YlDs (lnnronCl~uJI 

613 • the dS'V1OU.OD from 1"<J{T'1oei')n of tha l"ll "ria", 
at j th dUvs.%'ODOlnt 

b1 .. 

,nvi..""Onmentol index, 00 the davluticm of the 
D;)::ln of 311 v;}~1I2tb8 in 3th anvironm.:mt frolll 

era 01 m Jail aD.! 

n 
:z:=_ 
3 • 1 

- ( ,;i/r) 

y 21/ 
'1 

- -- I 
U 



l.' ; 

;";(J d .. ta collllct;x! durinc t lB course of 8x;J6rillWnto 

were eub3eet(l{1 to d"toUcd etatisti.o11 8CJrutioy follOdll!g tbe 

a:nlyt1c31 proea;lUl" c af PanDO S!'Ic GukhatlllC \ 1961 ) to bring 

out euUlv0!'o etCl-':c1. llow1!1(Ie <lnd their lntcruetlon dleets. 

~'lOl'relatlo!l coe!1:Jclclrft of oharacters was aloo work"l<! out 

",::crravor MC,;ss:;ry. '_;;; o~lyu1.'1 wao eurried out in both 

;Ie:. nWl'O 220::; aod .,_,; 1Xl ::::. micro oOClputJr nyotl.lD" 



EXPERIMENTAL RESULTS 



.... StILTS 

!be paoe .. nt lDYe.U8bU .... .a1bl.J .1IIe4 at 

f1DdiDI oat the povth aa4 ~o10st.0al napoli". of II:Iolrt 

aDd 10»8 d~UoJ) oalU ...... 01 p1cS?ftp08 to t,lZ'CtI different 

date. of 8OIf1nc ..., 1Dflqe IDea b7 'YDr71!la cm'fi.llolll'.'l:l1'ltal 

II1tuotloDG. b gollOVpe x erm.l!Olloont irrt,):eot1ofl .at! 

starl10d DOt cml1 to:!: IIDrpbologioOl C~l~tcn but alao £or 

~lol06SOal. parameten tla'oogb .tabW\V 0l!nl3B1a. :'bel 

4ata b'oI:I f1014 and labQra1li':ll:7 oz.,e.t"l.orJnts :JrC ~urentea 1a 

this ol:lIlphr alter stat1BtJcal 8INIl..J'818 aad also d~ 

ts.oal13 :I'Opreaented wn ..... ezo l180a .... '. 

Dlys to :t1:.'et l1OWer1D&,50 tl.QlfonDg aDd barnet 

were reoordt'd for aU the .,.notice in all tho Urae dlUaent 

detaa at sowing llnd 'the d8'ta ~ proeentud b'able 2; ;'1«.1). 

It WIlfl oboornc1 thllt day. to fUat floworin.:;. 50;'; flawel'1!rc 

and hll1"f'9st weft 4oe:GMd fI!OlI n. to n., Proposol?e11 1a 110_ 

gftIIpII 01 yarlat1e.. 2he DOObor Of &l3II to t10varlng ,.. 

SJ"3Gtl.1 _uo\!d 111 long dlD:6t1oc tbarl in ehon daret1cm 

oalU~8. 111 1ahe oaOll of tvat fl.tJwlr1ng. tho df9''' to tVat 

tlCIWer1DB 10 aboM aur.-aUOD oulUvnro got rolluc04 boll 

Z; (6'1.~) to '':'2 (6'.3, ;:.J')(l a tlJrt:.JO.1.' dcor~noe WD &1.. aott ... 

1JIGII ;la 10 n, (61.3). 1itlere4a t. long 41&"otion cr.4tl't'ar. 1t 



Tn'c;le 2. Pheno] 0".1 cal Ob.'10rT8tj on 

Dah of Cultivars Date at first Dat. 0' 50% !Xlt, lowing at h":.-v~~t Cr,l1 ! J 'LUng !loweri nr: (lo"'~,1ng ",,'dod 

Short duration 

CO 5 ;:,n-4-'J,~ (,',,) ,:. -;:;-'.' ,'I"') ,:,-c_~" \ 1 :' ~ ) ">:~ .0 
CORG 5 1_',_0: ('~ 1 I ;:, .• o.~'.}. (q_:: ) '-":-'"\4 ( . "' ... ~ 4.{ .0 
tn'AS 120 24-4~', '''_S-8'; (8~ ) 1 ~-(.-[lf. ,12O) 17 • 0 
Mean (6 7 .t:: \ ,t',") .0) (' c"'. 7) ~E.l. i 

21-2-84 Lon~ duration 
(D, ) 

OJRG 11 ~9-G-8,~ (nC) '\1-7-f,4 (162 ) 17-9-e4 (21; ) .w.a 
PLS 361/1 7-7-84 (1,") '7 ...(~-t',f. (' 69) ?5-9-f\.~ (" i,) ,~9 .0 
SA 1 ID-7-e4 (H 1) lD-.e-cf. ( 1713) 1-iO-B,t (?:'4) 46.0 
M(,an ( 1 '~(i • 'T ) (1',".1) ('n.:,) 47.7 

Short duration 

CO 5 25-<:;-84 ( 06) 6-Q-E',J, (7" ) 15-iv-e.i (117) "9.0 
(J)RG 5 24-8-f.l4- W) 7-9-D..' (79 ) 19-10-e~ (1:') 42.0 

UPAs 120 18-8-04 (59) 28-£.'.-[14- (69 ) 7-10-84. (1l'l ) 40.0 
Mean (63.3 ) (75.3 ) (115.7) 40.3 

Lont! duration 

21-6-84 C':;RG 11 15-;0-84 (11;-) 1-11-84 (134 ) 16-12-81. (179) 45,0 
(D2 ) 

PLS 361/1 19-10-& (121 ) 3-11-84- (136 ) 19-12-1]4 '18~ ) 4,.0 

SA 1 22-10-84 (124 ) 6-11-84 (139) 23-12-B4 (166) 41,,0 

Mean (120.1 ) (1 ~6.3) (W~ .... ) 46.C 

S~ort duration 

CO 5 ? ~-11_Ht. ((" ) 1 _-! " •• Ft~ ("' ) 1(l_1_~ ('17 ) "g,C 

CORG 5 22-11-84 (63 ) ,-12-84 (74 ) HO-1-e<:; ( 118) 44.C 

U1'AS 120 16-11-84 (51 ) 25-11-84(66) 1-1-8S (103) 37.0 

Mean (61.3) (71,0) (111,0) 40,0 

Lone; duratiol'l 

21-9-84 CORG 11 18-12-84 (89) 2-1-85 (104) 14-2-85 (147) 43.0 
(~) 

PLS 361/1 21-12-84 (92 ) 8-1-85 (110) 21-2-85 (154 ) 44.0 

SA 1 25-12-84 (96) 10-1-85 (112) 26-2-85 (159 ) 47.0 

""aD (92.3) (108.7) (153.:lO) 44.7 

Values in paron1;he.ta 1Dd1oate da,.. ute r aowing 
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........ b:'OIII n, (136.3) - n, (110.') aDd .f:IooII Dz - n" 
(92.3). III tM oaBe of 50,1, nowGdfta aDd baZ'ftn .... ae. 
alao, • elmUSI' tnD4 .e DOue ... 

~t height <_> 

f; \ 

DBta em moot !!o~ are ~~te4 in the '1'IIlbla 3. 

Sboot height 1:Ior'JOO d as time ~nd in b01Il eh4rt ab4 lons 
du:retlon ODltiTors. "1gnlUoarr' dlft~l'lOGO 00014 be _ttoed 

amoaC oult1vare, 80wlnea and also _ene "'O~8. !!Ie1'lJ!l we" 
drastic redactions in thlJ plant batlflt trot'!l (132.1) 1n :n, 
(first aow1Dg) to (72.5) in n, (t:l1I'd aowiDg). OOIIparilts the 

..., ""PG. lofts dur"Uon clllt1Yill.'D raco~ed hj$:.ar plaut 

b.c1~t (135.16) tlJ,:,ltl t:l() lJhort d~t1oD (73.3) om •• 

Root l8I'Jgtb (em) 

nsta on 1'OOt l()~h ('!'Qb!G 4) ~el.04 that it 

tncroaeed as Usc tzoe1'!d. ~S6nltloant d1tteranae. eotl14 be 

aottoed 1iIIII0IJG cultiT8rO, eta«08 and &leD eowlnga. 1Ioot 

length Ra aoe4aoe4 ~.elft17 frail Dt (52.3) .. ~ (25.0). 

BCI "i! too, long dtUetion oalt.ara ftGOZ1deli lonaQl' root leqth 

(50.4) thaD the sbal't ,~arot1ol!l Oftett (21.4) • 

.. DlIDcr of bra_e. p .. p1.emt lDQ13&Md &8 ap 

actn.04 (~b1a 5). !he dift"'-'Doe8 &!lIODg cult'"'" 8O!dDp 
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alii na, ....... ,.... '- be .scaU ..... ,. Oloar eq 

4Utae .... .. 1114 be obIHZ'h4 wlib :nfel'ellOe to eowua 

~', 
I ~ 

tat •• (Dt-U ••• Da-T.14, »,-5.0). JroD b .... , 10ll& 4111'11Uoa 

oIllU"" hOQl'de4 ... (10.42) .. DOh m.bezo (5.95) ... 

tbe ItbOrt 41l1'aU. ea1U"'ftI. 

1!le a_be at la8'fH l)OZO plaDt t.Duoaoed to ~ 

(6?8.25) at SO" t1°werlns artd d.eo1bed (483.12) at late 

etage.h.'able 6). n _. foutI4 1D be .1eIlUSOaDt I.Il oII1U ..... 

nage. _4 a1ao b Wfe ... Dt __ tat... ft. h1&ben leU 

DIIllIbeZO -II zoeeorded I.Il »t (662.'4) followed bJ Da (t61.22) .. 4 

», (9'7.14) ... epeoU .. lJ. b loa. dU8tlob olllU.an Z'GOCII'4e4 

IICIII'e loaf ,,_ber (4".65) 8. COilplll'ed to ahort 4gzooU,0II 

oulU.,.. (70.20). 

Data OIl zoate of leaf pcood"UOII azoe prGaente4 I.Il 

!able 1. !be •• of leU pzodaoUon "!JIbeI' of 10""" l)OZ' 

a.,.) J.'MOhe4 M:d_ I.Il "WeCD 501Il da7 aDd fint flonZ'ha 

( ... ) _4 tbel'Mtte:r deo11De4. !be aepUn aoate be_ ... 
50lf flwutlts ... barnet atase II1&bt 110 .Vi_ted to the 

"_ of leU ehe441laS ... .abS ibe .t. of llM.f :pJ:OdIIetlca. 

!be .te .... _~ sa Dt (4.18) followed bJ , (1.70) aD4 

D" (t-'8). !'h ........ lPll1 .... Wf ..... tb" ...u be 

aft1elC betn. alRt (te8.5) aDl110q 4.-t1on 0111,_. 

(3.11). 
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Ja. _ leU ........ pl'eeen'et lD !able 8. Bl. 

leaf ..... 1.nae-.. 4 opto 50% t10wertas and 4eol1De4 'ha'eat_. 
s18DW .. nt cUft..., ... _1114 be aot~ -oec ouUl ..... 

• tage. 8114 .......... A be.UC n4ueU. lD leaf area oauU b. 

O~ fJIOII ne (12030.40) to », (1t44.64) pzopo .. 1n1,. 

'l'he 10lIl dQfttioa .alta. ..... 1"IlOOJ.'4e4 hil'hft' hat an. ('9"St.~I\) 

thO ehol't dllt'atiClrl oIllUYG1'8 (912..- ~o 

'l'be leat weigh, 1Il10"_.04 .. , ... vend uptD 50% 

flowft'iDe (355.6) and deo11Ded at ham., nase .'3.3) 

(TDble 9). StlJUeUeal eenU1t.7 I"S'ft8led that tbe 41ft ....... 

-« o1llU",,8 _wiDea .,d etas •• Weft a1pU1eant. A 

pZ'08II'08al". &'o4oeUOIl lD leaf welab' wae 1IO'1Oe4 :tzoH 

n, to r.,. AS 111 the prrriOIl8 ..... , lGrlB 4araU.o. oalttnd 

r<JOCII'de4 110ft leat wc1cbt (261.3) tiUID abOrt dtl1!'at1oa olllU't'Qr8 

(42.4). 

st_ weigh, (a •• -2) 

SMa weifllt 81. 1aIS!I'e •• ect •• till(! veltd btlt • 

d1lllt 4 ... __ wa. DOU." at h8ft'eat atap (Table 10). 

DUl ....... IlI111Ht8 oalUT8h, aow1Dga aDd ata6'88 were toan4 to 

be .18IIUloaut. DQriag ttl. lSr.t ~ (n,) 'be 1'000111104 

ne. we ........... ,be Da bJ 'lea u.s. while n, l'eau4eCl 

, .... _4 .u till., '" or ~ (22".' 111 :n,. 213.6 111 na. 
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60 .. , III f). :r.wor wot4tt - ......... (6'7.6) 1D .~ 

"uots. ou1Uware as 00.1'04 to tbe 1O'a6 da:roUO'II yarlaU .. 

(1805.10). 

Root wejght (S .. -2) 

Da.a GIl zoot wo1 •• ~"'4! tnballlh" 1D Tabla 11. It 

t.IIeIraa_ up to 5~ tlowU'1Dc ,.<1S.4) and then 4eolJa811 at 

baft'Oet etage (255.9). Hel'S too •• 18lit1oalrt ditt ..... 

OOQld be obaen'e4 between ault1nra •• t~. al'l4 aowlDp. 

r;1ftVJDt .fJtVtnz data. lnduoe4 4W""_,, wbUb were 4881'1.7 

4-.on8tpte4 (341.' 1D Ilt' 42.5 111 n,a 13.3 111 D_,). 4. II! 

the preyS •• ease., loDe da:roUan ollltware l'eCOl'd" 110ft 

root .. 1Bbt (246.0) thai) abOrt dlll'atioe oulU'fOJ'8 (18.7). 

!he vel •• 01 the "lINdaeti," pan. 1'0001'184 t1'OtI 

tsat f1ower1aa to bar'reet "" • .".4 that thle pqa_1iu 

1Da'eaee4 wUh aatQao1V (!Qb1. 12). ';;18l2itI.o8bt dUfazo_ •• 

001l1d be obeU"n4 111 aU ,be level8. A c1RstJo l!'G<1uctlan fIoII 

1lt (5os.3) to !lz (1T1.,) aDd 1I'0Il :.la to D, (12'_1) 00a14 al80 

be •• ...-rea. !Iqe too. abOrt 4uaUoD oulU-.al'll (151.6) 

eboIIted leu. "fIlIl"'8 to 1ihe extm of three tJaee t'han that 

ot •• 1_c d_ats.J cu1t:l~ (,.,6.1). 

_ ~ Ao.-latl.Oll ( ••• -2) 

.... total _ aett8l' ..... latloa onr • __ 

SItae ........ 111 • ..,.,18 ~!IOed (~ble 13). 1Jp1It 50th 
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," ! Ot! 

'aa ••• Upt ~ .. aloau ..au lie Obae1...-. ~ 

the 1Dol'eaae -. lIIpr.alft tIP to ~8at nap. DUt __ • 

.... fe .. d to be .16Jd,t1oaat at al11e'n1a. !he eIl .. t at 
diffueut IIOWS.DC date. OIl the total dz7 _ttu 800 ..... _ 

.... weU enablSahed. 111., talal4&7 _tv ... I11III1.."'. 
deaNased pI.'O{;fI'08/J1YGlI' tftII n, (""'.30) to nz (408.72) 

an! boll Dz to r:, (167.'75). With 1!'C(lOr4 to ftrletel poape, 

10na duration oult1'fl1ra ... IJl'OIiP ..,oeded b1 nead.7 9 

tf.lllee over a1:Io.rt dUJlI'l'UOIl poop. '!'be pooled ad,.. of the 

total Ib7 matter aCOUl2l11atiGD alae 1"I.m!81ed tltl t the 41ft ...... 

were a1&aWo8llt at aU lonle. 

Data on SIB. rat10 bl 10ll::th fU'e t<lbuU.ted 111 'l'llble 14. 

Sboot/noot roUo ba lobPh deuua0e4 p:'06l'0sa1Te~ aeeptlDc 

at 50th aDd f1ftt flowerSDI ata99a. DUferenoea woro tOlml! 

to be e1grtlfioaat at all 11l"lUla. _\lOODd llOW1ne (12) r.:J00:r4a4 

the hillleet r:lUo (3.19) :followed bJ n, (2.83) ana ~ (2.62) 

1"eI'QCOUTalJ. wlth J:Ogtll'd to poapl.llp, ODl,v • all8ht 

dUtercDeI! ooQ14 be obeernd b;:WeilD long 4uratba (3.0'1) 

and ahon 4uroUoa ouUlnre (2.69). 

SboOt/Root by weiF t W88 also .. _d ont aad the 

«ata are preaerrta4 111 .blo 15. It cleeJ'ea__' ae uae .... :1 

aptI 50% flow..,.." aDd then a audle1 irIa'oaaa wee ..... at 
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the ~t ..... SS&DIfSo8llt d1ffe1'e ••• "" , .... beted 

--. _lUTU •• tag •• and 111_ 1D _tap. Bee aleo • 

• neS nw1ng (»t> roCOl'ded the h14Ilten "Uo (10.42) toU .... 

bJ n, ('O.23) aDd n, (8.58). S1~~ dlltveDIM 00Il14 be 

obaGr7a« bdve. ..ort d1D'Ot1oll 0II1:UTIU'II (10.55) aDd 10Da 

4urntioe oolUTare (8.94). 

Gen::ra113. the luttf/nol!l ruUo decr".ooo au UIIIo 

tJ:etId (Tabla 16). rtcnUlOU!lt d1.tfftilDOOa coald be DOUoe4 

ollllOD8 (lQU1Tol'8 and O~fJ bin DOt 1D ~ 18POOt of _ ...... 

:'here __ not lIIaoh dUtor ... that eMld be DOUoed botwen 

Dt (1.07) aDd ~ (1.ee). !lat ~ rooozdtd leaeer ftlrae thaJI 

the othel" t1IO. The abOrt duroUon eulUn1'8 l'ecozodod h1Gh_ 

Talue (1.16) than the long dur;"UOl2 cultlTlAre (0.92). 

'!"u~ l!'ld1vid:nl loot ~ wac WC1.ir.i3d eut and t:;,c 

data WQe ~aon,el ('I'Obla 17). It ~'1a!Jed ~o 50th da:I 

(14.7) and deoreo$ed at harro&t .toge ('2.4). fber~ were 

1'8rlationll amoll€: oolU",nro and stQ~8. '}hers wes all3hi 

41U'l1'8noe -ona .. ,,1Dg date. (14.7 ill D,. 13.0 La nz. 
10.1 1a 0,>. a.ap8,I'Gtlnly. 10Da durat10ll oalU,ara reoozde4 

JUAb- .,... (13.6) than the abart duroUoo ODQ. (11.5). 
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the iIldlTi.41al. leef -18111 alee fOllow ... 811dlaJ.o 

uell4 till tbat of IU .. ,. 8. t_ U'eD4 vee eonoene4 

(!l.'Ilble '8). A IIItdIIIra of 83.' at '01b dll7 •• O&'ea .... 

fot8ld to '18.' toward. -turl_. 1IUb J!q8:I:d to aowiDS 4&t ... 

• prope •• m redaotiOD wae Dot1084 fnII ~ (84.,) to »a 
(73.5) aDd nz to D, (59.9). S1II11ar to ILA, loll« dllnUOIl 

oaltlftra zoeOOl'd" h~.l' leat welatst (15.6) til_ the IIb.Qrt 

dQl!OUOIl oalUnr. (69.6). 

Loaf Area Index (tAl) 

!'he leat area index wa. caleulate4 'baeod on leaf 

8l'd aDd the date tII'e pro •• nted (~ble '9). It iDCr'l"ec1 "pte 

50'" n.awe~"1.Dg aDd dtoliDed thereatter. Dittaronoo8 beMe. 

OaltlYlllZ'8. lIOWiDp aDd atagea were found 1;0 be 81gnUloaDt 

at aU lenla. 111'8t 1IOW1IIc (D,) reoorded aeYeD tu .. lIOn 

LAI tbe Dz. !'he n, zoeoOJlded bo Uae8 hieber LU .. n,. 
llere 1100 the meaD LA 1_15 h1abG! ill 1be OI'laG of lorl8 duetiClll 

_.., (4.606) the •• elm" dlUL'llUolt on88 (0.699) • 

•• t Aa8lal1atiolt Rate (RAR)(,.,-'. 4a1·') 

!I'M .. e' aootaU.' .... _te was .... ad out 'bUe4 on the 

1_ we ... <'Dlbl. 20). lIAR cleoraaeed 011 tlIN trend (O.22M 

~ 30th II., to 0.0'112 at l*'ftri ata&.). S1/iD1fteaa& clUte .. nee 
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eoa14 'be .U." -Oltl cU..,.., ........... a1JIo b ...... 
at aU leYe1a. 111 CIOD'Uan -., LAX. the b1&h- WAR "1" 

_. reooft" ia :n, (0.1816) IlUow .. 1»7 ~ (0.1".,,) ... 

Dt (0.1619). 1h e abOrt " .. U ... eult1T81"11 J'\'IOU\181! bigb ... 

lI,,; (0.198,) thIlD loDe dueUOD .. ltl .... (0.1494). 

OZOp Growth Rate (OQR) «(& •• -I.day-1) 

lD eoJl"st to BA',. OGJI 1Bcr:4leed Dp1Io the .... 

b •• een 50ih day and ft1"n tlowerlDC abd deel1DG4 ~8r'JAfl'J1" 

(:'able 21). SlSDUloalJl d1.tfueDOerJ 0011\4 be DOUoed beWe_ 

olllU-nn. eov1ap aDd .tag ••• , a111enla. !rho 1IaXSa_ 

CGR .. He01'de4 1Jt Dt (22.20) followed 1»7 nz (7.4') _d 

D, (4.14). !he lODg dU1"lltlDD oll1Uyar. rQOOzde4 higbar 

cem (16.24) tbaD the abet 4 .... t1oD oIl1t1ftre (6.21). 

RG18U.'We GJlawth Rate (RG!) (a.g-'.._-') 
SJ..!d1a1" to lIAR. nem a1eo d ... .:l.oel! •• t1lM Vead 

(~bl.c 22). ::>Ut81'onoe. vere fDllDd to be e1graUlo_ at aU. 

lanle e_eptlag f~ oalU1'81' x nap lII'lII1"IlOtl~. Hue '00, 

,be .u- MIl _0 recorded b Dt (0.084) followed 1»7 :n, 
(0.0?2) and !lz (0.071) .... eepeotiyGJ.,.. lD OOIlbast -., other 

~'en. Short dUQtloa eult1'f81". l'Geo1'ded higbar RGR 

(0.084) ttllD the lo!I6 c!ll1"atlOll olllUyartl (O.oe1). 

Abeolm o.owtb llBte (AOR) (g.plllllt-t. 487-t ) 

Ilillta OIl ebaolut. pawth rete zoeyealod that lt 

b ...... Dpto ftatet l1C1i1fUlDg .,4 4eo11Ded thaeaftel' 

(table 23). DUf ..... oD08 ..... ou1t1wn .w.JSg. IIId nagu 
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... ~_ to b_ a1cDUJ.eaIIt at aU lCftla. ftle h1(lae1lt 

'fill" -. "GOJllllaI ill D.s (4.113) foUCIIIIfOd b7 l'2 (1.223) aDd 

97 

», (0.124). OIMIpIlrillc toe"" .... ,.. "-ng clueU. oalUft1oa 

"OGIL"4ed hitOl .. powth .. tea (3.257) thaI! the ahort 4_lOIl 

eulttrare (o.a~). 

DaU _ LAD ... a.leal-ted Ud lfi .. nte4 111 1ibe 

bble 24. !hI'! leat uea dazootl.oD lrIuto-ee4 a. t1ae __ 4 

aoepUIIC tar a aUlt-t 4"JUo 111 betw._. tint aDd ~ 

flow-rille. os.ttereneoa we" 81gaU1eaDt at aU leYela. a 

papoeaoS.ye reduetioD 111 LAD lfas DOtIoe4 :boll ~ (:~O.9') to 

Da (45.93) aDd l'lt to .J, ('8.tO). !he 10_ duseUOD aulU .... 

rGOOJIIII8c1 (226.05) hiSbe1" LAD 1haI tho 1'Ib0ll't dU2'8t1. 

caltlY81'8 (1'1.25). 

Specific :Leat ,'\JtGa (Slr.\) (011-1.,-') 

!he apoc1.t1a lau area (SLA) iDo1",;a8'Jc1 IIl'W 50ih _ 

aat th .... atter da01"Qaaecl (Table 25). DUteranoGs"" toa ... 

to be atat18t1.~ as.aaUSoaat at all leYelB axoaptiDs 

-..rut7 % atase iIItuactlOll. With haard to 80ViDS date., 111 • 

...... Sr.A .. _1ee4 111 Dz (18'.00) tollclwlK\ by n, ('70.80) 

ana n, (170.00) 1'OII)!HtUYd,r. Long daraUcn oulUvu. l'8001'4e4 

hiGb- "lue (18'.3) than the allon duroUaa GoU.ara 

(165.80). 
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11l II 

SpeeUie 10_ \.t&Ilt (SlM) (1-1 •• -1) 

V1tb H8IU'd to SLV. it u.oaae4 .. ts.e Uea4 fI'OII 

406 4.,. oawuI8 un ba'ten. DUIG'O ....... _ ...... 

('l'fIble 16) IIGIr1IlfII IUld 1It-llu wue feoDd to 'be 81S1d1." 

ot aU 1an1e. _lDg at. clWuo ........ e1e8J.il.1 4._.. 

ueta4. !bB -=ta. ltli ,.. DOtloa4 1n n, (0.0011) followe4 

by ~ (0.0060) and !la (0.0057) l'.....r.mJ,J. ~ tbe 

wo _ape of oulttfaa, 1flcar1 4a:rotioll poop l"9OO1"I1e4 hf.&t1eJr 

SfJII (0.0060) thaa loeB daaU. on .. (0.0055). 

Loaf \UlllAbt Retio (urn ) «(;.,-1) 

1 th JlG8&rd to tiIIo tl'ODd, IJ..'R ~ fluctootiDB 

Venda. HOIIfOWI'. ibe "prodUotlva .1an~. Jr<30Qrded lealllll' 

valuaa 1ih0ll tM .... ptatlYft eta:oe (Table 27). :::II.ttOl"'lDO" 

oamg oulUwn. lDWiDS. 8JId etagee WUiil feoad to 1:1.; a1pUJe_t 

at aU lat'w exoapt1D6 oulHv .. x .toSf! 1I'ltaa.cUOIl. !ban 

WU DOt .DOh dWezoonoe aaollB dUhzoent datu of .,~ 

(0.369 la nw. 0.)65 111 ~. 0.580 ID n,>. LODf: cllu:aU. 

oalU'f11r8 J'OG) ade4 1':8881' vallie (0.,..5) 1;h8D 'UUI 8hort 41D'8UOIl 

oultiyar. (0.'9'). 

Leat AZ'd RaUO (LAnH.oo2• st) 

!he lJIat Ql\)8 r=:.Uo 40Cl"lllieed a. u.e tIretltl. 

iJiffa%"en0e8 at oi1ltiYar am 8'ta&O l'JI'alG WGl'C! fouDd to 1» 

.~ 111 aU Uw t!Weo c!ate. of lIGIfiap (TIlbl0 20). 

!'he b~n un ... reoorte4 1I'l the 1.2 (69.8) fol.lowed _ 

n, (48.0) - nw (4i,.". ~ to tMR. ahOrt ~_tt .. 
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ea1UftN lNOOzdel laiab .. ....,. •• (68.8) eo.pIft4 to tb. 

l8s 41U'11tlOD ea1U.,.. (65.4). 

Jan .. 1 • ..,..( •• p1AIet-') 

!'b. fallen 1 .... ",ere 00118ot.4 at .. laote4 .... 

aDd the deta 011 ibeU w1&'bte 8I'e J)lrG8I!Dte4 iD the Tabla 29. 

with ~ 110 tIM beD4e 1I1a Hd_ w1&tlt ".. l'GOorde4 

1D between 50th da, 8IId tullt n .... d ... (7.54) aDd 48_oa.e4 

iD 'betveeD f1.nt _d SOY; nowubc (4.'3) aDd iDeoa ... 

theeafter (4.0,). Diftereaee. were AMlD4 to be e1Ba1Ue-

at all lenla. Die _tal lallaD raata .. l ,. •• 00 oea,potII4 

t. aU the .tag..,. and 1I1a 48ta ~ed tllat the merJ_ 

lalleD .tert.al ".. reoolded Sa -0, (28.}9) foUawe4 bJ »t 
(16.2i) aDd ~ (8.74). Di.t!ero .... dDe to lIOWias dno. weft 

01881'17 cte_ .. ted. l'll"at II01d.rIc (n,) reoorded the Md._ 

(11.35) followed bJ Dz (6.48) ed D, (,.39). ITa" too. lAme 

ddl'8tion oalUft:r.1'8OOfted h1{;2le:r faUn laat _erSal (10.84) 

th8Il the Ibort dlllr8Uoa Galti .. " (:5.3'). 

Y1e14 aa4 1ta ooapoDeftta 

Y1 el4 OOII)IOD eat. 

With "SUd to 71e1d ooaponeat. ('l'8b].e 30) the 

1000-..04 ve1lllt 4J.4 IIOt 1D11oate all)' mased ... 1atioD .... 

__ ta'd. !'be DUIIlHIr or .... PQl' pod .180 to11owecl thO 

abO'I8 VeD4. ltIrt Dumber o.t pode par pllUlt deGl'eaae4 4J:UUoa1l.7 
bill 1lt (587.37) to Dz (301.40). Ja;rtha". deft'c ... wa. aln 
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.,....... sa n, (184 a ). Ibe JO!l ~" pq pl. .. " ...... 

.. aaoed ~1ft1, be. n, tit n". ie4 .. tUIlC tAM .. 

1af1 ..... 'b7 aa. at acnr1IIC. !be IIIId_ polS Nt _. 

obeaft4!Js u., (16.65) foUowed b7 I'J (14.18) aDd n, (11.85). 

DUm,,1 -DC ... tbUli with J1'181Z'4 .. poet eetUDC 

pen'lItace 414 110' abOW .., 81gD1f1..... !be Iff .. t of 

"'1118 "a'u 011 tun ..... 1M_ (HI) _0 weU d ... oated. 

1'he _. Bl _.II toaDd 10 be "",_ !Js Dz (26.77), tol.l.Gwei 

b7 :0, (26.43) an4 Ii (20.',) reepeoUn1T. lobeD ttll faUen 

leaf _t,r.1 _ ~ p ...... vue I14de4 .. the total dZ7 

1118tte1' pt'04l1OUAaI tor oa1eu1au'DS tile BIt it .... fUrlbQ 

J1'14u0e4 (20.', t. 16.30 Sa 11' 2'1.66 .. 25.16 Sa Dz. 26.53 _ 

25.,0 sa ~). !be dry _ttelf eUSc ill., (DJC) .... al_ 

OOIIpUted IIIIt'I 'the data :reYe8lel1 that tile .-xi.w ..... ftOOJldec1 

1ft na (0.216) fo11owe4 bJ n, (0.210) and ""1 (0.150). AU the 

above 71e14 ODllpCmllrrte abGIre4 al&bU1oanoe tor ou1U.,... 

dltfG':DOea ezoepu,ac ,,_bar CIf Had par pad aDd pad a.U_ 

p!! :r:oentaal. 

Yla14 

U.14 .f SI'OJa _4 malt wera .asmre4 aDd tbe 4ata 

".. ... W .... 1ft te_ of .. pl..,"'. aDd , •• -2 

10' 

'9lb1e 30). !be"lID 48'. tOIl' the aowlap cmI1' oulU .... 

renala4 thllrt tbe peld ,.0481 ... 4.-o8ae be. tint ...... 

(:0,) 1:0 tI11J1d ....s..s (1):3) propea.ma.,. !he .. 1D ,lal4 pC' 

plaat waa _1:2_ 1D 11 (108.'2) .foUaw04 _ It (40.,.,) aa4 



n, (Il."). A dIdl_ UID4 we .. 'tleeII ...... , ... 14 

Ull&' ..... la ....... 

111 th e poo1e4 IIDIllpi8 01 11.. 7t.a1d 1D4)'1e14 

O_pOlll.tu J."G'fdl1ld that the pa1D ,le14. baalt Ila14, 

D_bar ~ po4a per plaJrt 8Dd pot! .. 1gbt I'GBiftarod high .. 

• alae la loItg dllol'oUon ouUlyan la oaatJoan .", abort d-"i_ 

oal tWan. n. .. e wee ae1I ._ 41ft..... between the ... 

.. ape of cultlnru wttl! .. upen to 1000-e0.d we~. 

In.be at &oed. pu pod ID4 pod .. t poftea_se. Bow ""1'. 
ahol't dl.J1'C'tlOD oulUYIl1'8 ........ hJ4t81' ftla.. 1D the .... 

of 11(; aD4 HI. ;,1ftelrellOQ. vue fOQJt4 to be a1gU.t .... at 1D 

aU the ~tCl1'll .. ep'U.ac n_be at •• ')411 par pod. 1'bG 

.. a. mile Oil 7ield .as 71e1d OOIqIOlu.h wer 80WlJlp 

anll oulUftru w ... a. tou.. ....... ,leU (51.28), but ,..14 

(44.85), 1000 8I'uln 'Weiftlt (75.91), D..-bar of pOdtI PCIZ' plant 

(357.19), pod "ett1~ paooentage (14.2,), HI (24.87), HI 

iDOladSJag .taU .. lea"". (22.35), ani Dl(,.; (0.192). 

Pe1'41l1 ProduoUyit, (8 •• -2._-1) 

'l'he ~ .. andpoala ~lIettnt7 h ... of .. it 

.... eUW.., (ttA.;) CISlWe .. ecJ la , •• -1 • ..,-1 1'Cl"laal.a4 that 

the 1e .. 1' ... 1att81'"" 4"".uo4 bOIl n, ~ l! aIld »z to 
n, IrUpI.U .. 1.J (!ebl. •• ,,). 111 the .... CIf 8JIflsa pI'Odaotl'9l'" 

tb .. we a lIIII'ItecJ dit'tel'Cll'lO' (1.SS) ba",,"D loDs 4111'8111Am (,.91 
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11114 IIIIIaert 4 .. Uca ollltwc.. (2.'9). Bat ill tblt .. IIG at 

Dz. the 4Utuiinee (0.,,> Danwod ;!OW. (1.19) t. lIhon 

dareUoe ealU'fIU'a 8ft4 (1.4') 10. lolls duaU. oalU .... 8N 

1Ifhenu 1a ...... 01 n,. tbe Sap (0."') .Ull sot Jl'll4aee4 

aDd fill ....... DOt IIOOh dW''']DOO ""B ftO CI"GGPiI of 

o III Uysn. 

,i1t1l .. gar.:l • ~ .. pro111O' ..... t3 (UlI:) IIIIRod 

dlffe .... ooolc1 be aoUoe4 -008 two fIII'IUpe ot oulU'f'IIlfa 

11 

b aU the thlfee aoviJIsa (Tab'le 3'). 111 tI(J ease at t1lfft 

_lDB WtelfeMO (50.46) OODlil be obae.ft'8d betweell ebort due­

tloll ouUl'f1U'a (1.24) aDd 10111 dar3t1011 oalUftN (51.30). 

lit title .... of Dzt title aoo.e BOP DIIn'Owd 40WD to 4.11 bGWcen 

.hart 4 ... tloa oulU ..... (4.54) and tolf 10ae dlll'llti.oD 

crllltwan (8.10). wMZ'U4C b tile ... of n,. the cap tartbelf 

nllftOWd dOllfll to 1.6, botw!en eben de9UoD calUY3lI' (2.94) 

and .tOlf lons daraU .. oulUtu. (4.54). 

'!he ba1"ftlet 1l:Ida (iiI) oalculated OD eDOJ:CJ 

J."elatlonah111 J!e't'ealed ~111 01 HI ov. tbe 'b'adlU~ 

.ottaod of .... 1!IIf.D8 the HI. J:IGwe'f'G., 1Dolre... Ja HI .... 

DOUOe.! bell n, ~ »a aDd a dSCllfQllM boll Da 'to n,. !be 

81:1098 .. 114 ".. DOtUe4 u IbOri ilaetloD oalU.,.... ca 
thl OIIItI!UJ'. tlul Bl !!or loag 4eatUa olllt1ftrs .......... 

,_ X; • n, ~ .. i."'. 



_ttl IID8l7.U _. __ nab D f_ .... 1_ UIIC tb. 

"].aU" ooD1IIL'l1lOUOD 01 .. ebueetuo-lIotll 1111'Il10'' aacl 

Udll'en to ,rie14. !'be 71.14 .ad 7tall.'! HII,pObODte 011 

t_ea .. SlIp weft 8Qb~ .. t04 to the ... el.UOIl coef11e.lollto 

aD! path ooe.ftlo1.... the data •• re .ra-e .. llhd 1Jt tabl. ;\2 

am". 
Data 011 .iIIp1e OOft'ClatlOl1 of palD ,talc! with 71c44 

OQIIPOIJeat. I'mtaled til" .. ad ,1eld bad • b.1f!Il po_UTI 

aSgDUio811t OOft'81atton wi ill allllJar of poU pel' plat 

(I' • 0.9769*) and pod •• ttlq penentage (I' • 0.5299".). CIa 

tbe ooatraZJ. lJ{.;; (I' • -0.695'··) 8D1 IiI (I' • -0.7669 •• ) 11M 

h14Jb aegaUft .igI1Ul0a0t OOftIIIlaU. wi til Al'81Jt ,.S.dIS. !h. 

othel' he eGIIPOfteat • .-el,. '()()().Red WI14t1t all4 ""01' of 

••• per pod bad weak poattl'ft .... 18t&oll with glel.a ,.1e1d. 

Allrmg the .r1eld 00111'011l1li"', fOoo-ca-01D weight w. poe1t1n1,. 

ooaelate4 with atlllber« pod. pa plODt (I' • 0."5,.*). Bat 

pod .etUllg percentage _d IIQ111ber of .. 04. Pill' pod had weat 

1)081t'" a_18tion with """1' o:t po4e per pleat. Bowenr 

Df(15 lID! JU bac: aegatln ...... t.... the ltUlllba:' of .eed per 

poi! bat o~ weak poetU .... a.lIOOtatlon with Dllllber ot ~ 

per plant aid pod .e, tad ahOWD a.U .... a_taU_ with 

Df(i; an4 HI. n:wa atllllb.:r of pod. per plant bIId .iCnU .... nt lID! 

pGII1Uft .... lAtUOll with HI and Ifhond nqatt't'e ooJ!l'fllaU_ 
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w .. th J04 .. t .. me vbereae poet aqUae paeeDtagt bill 

poaU ..... a",,"811_ wUh DI4; .. III. A ~l.1 1I1,.S.floaa' 

peA"" ..... daU. (a-o.fl)~ •• ) ...... abUehell beWeell 

~i _ HI. 

Ih 

The p.-tlill .. pe.elon oodliel.,". (Table :!14) were 
hiCbl¥ elallUle.t lIDs- tbe auG'll' ~ pode per plant <19.16".) 

aDd HI (2.09**) but DO't "'pUl08Dt tol' DK~; (0.1162) IlD<1 poet 

.. U_ (0.4759). It ahowo4 h18b11 ... Uft dfect lor 

10QC)00pes.. "."", (-0.6294) .4 8 e1ptfloADt 118pU" eff_ 

tel' alDller of e.3de POZ' po4 e.41·.). 
Die ,nnbar of lIOda pel' plaftt tIl:1 1b e hlGhen 110111 U .. 

dbeot elf .. t (1.,629··) O!I 111'8112 1ield fD1l.owe4 b,y HI 

(0.1312). DR (0.0490) and pod .. " (0.0164). Bot aUdb ... orr 
e.948 per pOd _d 1000 .lJl "eiaht bad weak IMpU",e eff .. t 

Oft pes.. 71e1d. Alt:!08t aU tbe oharaotlJft affeot04 the 11814 

1Jl411"eot17. 

Ph1.101ogSAtal ADal.7a1a 

~pb,JU ODD'- <,..,-') 
1" Jbl,GI&'Oplq11.. lhe oh1o.Io~U a. b aDI1 _81 

~ ea1ya4ld ill. fuU.v o.zpand84 10GZC hat at 50th ~. lint 

l1CNOr1I'11t 50% nCM01'1ItG aod la~n stage. (Table ,,). ~ll'h 

~ to oblNOph,yU at 1t 2.ao1"aatla4 up_ 5071, nCM81'iJIg QDL\ 

thtlha.tter 4001"'A.8Od. DUlel'eIJOGB vue 1IDtD1 to be f1ipU ..... 

at aU left1 .... ,. oll1".-r z n 8 88 1D lzrtezaeUon. - ... 
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tun IIOIWiftl ~e.! t."lll .-:d~ .. I:ttent 01 cb.l.PoJb,fU • 

(0.91) tou.e4 'bJ n, (o.~) _<1 Dz (0.84). 'l'IldG ... _t 

_eb dltfQI"f,.'tIOG botwOCll bo ~1J.P8 Ott _ltlyan. 

2. Cb1aoJb,fU b. !he ebl_pb.)'U b iDo1'9aoed 

aptD 5«)'1; flowerS.ag lIlod ileolbet! thereafter (Tabla 36). 

SSpUS8ant Wfs1"€l'IOaa •• 14 be IlOtseed at aU 1,,"18 

ueept1ne oultlY81' :II: lUGe lnhl'CIOUOD. 1'he OhlOll'OJb,fU b 

_. _:r.t.a ... n, (0.6;) foUowed b1 Dz (0.56) .!Xl 0, (0.55) 

1't!IIPSetiftl,J. ~ the ... IJIIO~ ot oul tf,ya.re. loac 

4a_U_ oclUyaft rQOOJ.'de4 .1~l,J blabel" velllO 1Ibaa the 

8bort dlJl'atloD e. U"IBft. 

117 

,. 1'Otal GIl.l.oIoph¥U, ;;.S&d,1ar to obl.GIOPl,JU • ara4 

b. t'3ll totsl ohloropbJU aloo 1Da'It&8d up. 50'X t1owezo1D& aD4 

4ecr-3aood 1D t!le biat'nIR stege (fable '7). U1.Ueruno"8 W8II'8 

foUD! to be a1fiD1.tS4ant at au le't'81s oxoept eulU1Il1' x IIte{;e 

Ute~t1CD. Date of DOIdI'lt.? d1.Uel'aooea were oleorl.7 a ....... 
UBted. !be hJ&best cblNoJll\fU _tent _e ~ed ... ~ 

(1.63) to1ltMtd b.1 n, (1.42) IID4 ::2 (1.39) 1'01IP9CUh1...,. :r.onc 
dUlf'8U,oo oaltl9Ue l'QOOI'4ed 4tcJst11 hlp .. ohlolophzU .ateDt 

( 1 .5') tlUIs the shOri dUll9t loa oal1£,"" ,1.40). 

S'tIMatal " ........ fa .. 001 (s ... -') 

lllta em stomatal. reaiatallCuB wore JII'O.onted a 
Dlb1e,s. 1'tN ato_tal ..,iDt8bCe. (O'Jz) 1UCUNGaOO as Ume 

VaDd. '!bqe wus 'f8~S.0D8 IaOfli oalUTIll'G aDd nage .... aU 
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•• tIIIre. -ills.. ~laS de. 4Ut ....... wve olear.1.7 

4~ate4. 'lbIJIo4 ... 1.Dc fte<a>4e4 _:1'''' (1.000) toll ... 

b.r 11 (1.007) _4 ~ (0.941). 110' IIfIO!a 4lft.naee ooa1d lie 

ob8ft'nd .... , the bit peape of .Ul'ftr8. 

~II7DthetS.c J!'Qte (~ COz.4I:t-a .hr-
'

) 

~ pbO.'JD'Ib aU • .-...... lNasun4 18 0 ~ 

J'OaDg _tll'&'e4 loaf at .. 1o:Iot84 stages (:"b.1.e '9). au. 

\ ~, 

OIl pbote',JDtMt1e Nte ft'fUle4 th~ it lDQateaao4 o. U .. 

wend up. 50% fiOllreriDs ."se 804 a_lDed thiJ"athJL'. 

statWSea1 -11818 abGIfe4 tbrat 1be dlttU'OH'. Wft ..... Ul .. 

oont at aU leftl. ~1.Dc 8IIOIIg oultm1'8. :.rh8l'8 we. a1 • 

• 1~USoant ditfUi. .... fe oulthu s .. aee lIItG1'8OtiOe 112 

tit and n, aowlDlr.. lI»t a.Gb dWueaoe eoGl4 'be DOtioe4 

'betwe8!l n., (17.85) and D:! (17.26). .1111 U, "corded 1C1We1' 

pbO'tDqatluUo pte (15.as) tilan tbI J;I/'8T10118 tIIo 1ICJWiIIss. 

'l'hEIIrG va" ISO oll)ar uUtQ1".:l1lO88 1D pbotos1D1IbeU.o .to a&GII8 

... poapa of oulUwra. 

:latn on nOlllllltal l"ee1stanee JL'<!Vealed that 1t 

f.r.toaoeae;Jd Ill! tUte t.t"Sm (TaJtl.q 40). DUleeneee vue loaarl 

to be slgalfSAlGDt at aU 1 .... 1e. :!he 1Ib'_ JL'd1ata ...... 

~ed til n, (0.64), 1011owe4 b.r ~ (0.59) aDd 1>, (0.56). 

~1:i.f4'C vae _t :soh dlftermoo -(If){\' thCl two SI'ODJ* of calUrara. 
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1 Ii' 
1,,, ! 

Date OIl _"plJ.-OUoa "te ~.4 tiIIt .. , 

4.e~ •• ,_ "n4 (~'able 41). SipUl .... ' 41ft.,.... 

ooa14 be 110' .... ..,_ oulUyan ""lIS da, •• and alao ... 

ot;>ge8. !he hi4Pleat tl.'Unap1l'uUCI1 soate _0 1"e0Qrda4 1D n, 
(40.25) ;followed h, llz (3!.i .3.) tlr&l ~" (31.03). There was 

!lOt IlWCh difierc1noe \)ll't;we ;n 1.1,..; t1rlO GrOUZ'O. 

!)Ito on 1 'af yntl!1' potential renal.. that .. t 

"·3Cl"sa8!td as t1lae tr(lnd (-0.656 KPe 1.11 50tb da1 to .1.25' 

!1JIa at h8l"Vet'lt) (fQ'blJ 42). n1fte~noofJ vue found to be 

eigrJUtoaDt at all 1"'918 except1ft!r for oultlYll!:" x etap 

intoraetlOft. The aean woter potenta.1 of oalUYar8 cwor 

OOIlIiDG datos 1nd1eated tha' 1t t.ne:roae04 ~ 11 (1.2:!S) to 

'::'2 (O.~12) and Il tunh4r 1rlel'ea"c fl'OII T"2 to ~ (0.655) .. 

s1ao obcU"ftd. In contraet to QanlJpirBtion "'h. 10ft, 

dur 1tlon cultW:'lrtl r'JOCIl'1e4 higher 1.f _tar poteDUAl 

(0.035) thIUI 1be ahort ~araUO!l (tulttrre (O.1o,e). 

':'h (l leal t_perot IJ.re dectr!Jased ap1Io 5(»[ flowel'lrl8 

aDd theD • a14'ht 1rI<Ina.e __ obe~1iIJ at 1b.a bu,,,"" 

.tege ('rable 4'). DWeI't!D08e VUG to_ to be a1gld.tt.oallt 

at a111ne1a •• ept aulU't'IIJ:' x etage intuooUOD. A 

J1IIOCI"W" lIe4acUoa 1D leat teaparCltUl'll _8 DoU0e4 boll 
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D, (31.16) to ~ (30.fli) aDd f ... -=t to n, (27.54). ::bart 

4111'U11oD ol11tlftl'8 ~e4 ro1&tt .. :&.1 hiaMJ.' leaf ~ 

ture (!I).62) •• oOltpeed to loq duro_OIl oaltlTalt'8 (27.og). 

In ocmtJ.'eet to l'lar t.~ratllJ'lJ the leaf "latin 

baUdlV ~88c4 If!7lo 50" flowerll18 (,1.81) and 4 ....... 

at barn" at. (24.:r1) (~ble 44). lUtel'8llOea wqe fond 

to be .1pU1oat at all 1.JT3l ... apt f. ealt1~ and ..... 

oalt1yar :It 1!'t3c ,1.! 1ftteref!'t1oa. The h..,." aat l"llatl'ft lIraS41V 

WAn \'" 'ded 1D ~ ('2.54) ioU_ad by D~ '2?·.'39) _~ n. 
t2~. 90. n·'ll"(! 100, not !llUOh <1Uf'n'Ol'lIN tlOl~ •.• be obBane4 

,'Cll "c M e;rotrpe of cIt ..... 

r}etn on 11€.M lnteroaptlon ar¥l extinction ooetflo1eDt 

(11:) {"alCt11otet1 010 5Mh day aDd first flOl#ulag 1Ml'e tabulated 

('l.'8blc 45). \~11b reenro to 5M": 481. too pGftel'l'tage of 111#lt 

tnterceptlm dear,a:Jo:ld ~18a1Ta1y f:f.'O:l 11 'to~. Wb1le t. 

t Tatue, an oppo.Ue Vend wae Dati.o4. .A l1t'Jilar Vend bM 

abo been Dati0e4 lD fl.nt !l.owQifts alMa \))IlpIlrilla thdG 

__ stagee, the 14;1">10 intel'O(lptiofi wac COllnid 1Z'8bl.v iDCI'oaa3d. 

WhUe t 'f'lllue d8Ultaaod at .f1oweriDB ala;:8 iD ..n tbs ~ • 

• owl..... ~ tbe .ult1ya". groupe. 'llb6 long ~U.QD 

."Ui..".. bad aoesfAtUC14 bl(p8J.' ~, lDtoreopUon am lGwo k ftl.... tbaD tn. abut dQl'8UOJl oal U'f'O.l'El ill aU ~'le t!ln ...... 
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JIIet8O.l'01ec:1eal Oba<?l'ftt 1ca. 

11018, RaclaUoa (X Oal.OII-a.da3-a) 

Dota on OUClllaUft 1IOl. .. rad1ation at ~, 40 ... 

50 c1a,. atter 80lIl111& tlnt flowuUSt SO" flow.mg ana 

harn" -tasea "ere .aloulatad (fable 46). 1'hc c_ula t1~ 

sol .. rGdtaUon !nol'cased a. Uaa trend ill all .e t~. 
lIOWiDge. !!le leng dlU'Ot 1011 oal UYtlr& .,.lIClated hlgber 

801ar rad1aUOD than tbe shDl't dll.ratS.OD oulU'f'l11'a. ~ 

the 80WiDg datas, f1ht <:0,) eowing rocarded the hleben 

nloe (16680.,2) followed 117 ~ (12918.04) aDd !'f (12OtO.40) 

8owinga. 

:Jvaparot 101) (m) 

Data on OUlilulaU'f'e naporat1OD r8Yealed that it 

in_elilsed as t1ae UQnd (lable 47). Rae too, D, reoordtlc1 

the lIIb1a1m (974.1) ou_18t1'f'e e .... pQl'Elt1oD followed 117 It 
(78'1.9), aDd D, (471.6). The oallRllaUn e'f'OpozoaUOII .. _e 

1D lObe duration co1t1nl'8 tbeD short durat1aa oaltwar .. 

Tbe ClIlIIIlat," heUoth4lna' .1_ lDore8.ec1 .. tiIIe 

Vend ('l'8b1a 48). ~el'l hCN, -0, .,.,.tag aocl8Cllate" ... 

helt.otberllllll aUa (2'747803.0) ib8'll tho ethOl' two aowinp 

<»z-'59911'.4, n,-1300317.7). 1'tle loftg duraUoa g:fOQP8 

8Oc .... 1 ... d highar 1JD1h than the abOrt dl11"Otioll P'l*P8. 



Treatment 
(Date of 

so .... ing) 

Table 46. 

CuI t1vars 

SCJ?C 5 

-.:rA::: 1;}G 

r:-,::: ::6i /1 

Gr3:Jd mean 

CC 5 

C. R:;' 5 

LTPA2 12" 

:::eRG ~ 1 

p~o 36, /1 

"" 1 

Mear:: 

G:::"a:;d mean 

CX:P.G 5 

U?AS 120 

Mean 

CORG 11 

PLS 361/1 

SA 1 

Mean 

Grand mean 

--. '.'0. '7 

"'i~ 6G. 7 

:166.7 

3166.7 

3160.1 

3166.7 

3166.7 

~ 6 27 .7 

1627.7 

1627.7 

1627.7 

1627.7 

1627.7 

1627.7 

16;>7.7 

1627.7 

2670.0 

2670.0 

2670. C 

2670.0 

2670.0 

2670.0 

2670.0 

2670.0 

2670.0 

j-'=;:.t 

.'.72:'.6 

!. 722.6 

4722.6 

4722.6 

4722.6 

4722.6 

4722.6 

4722.6 

4722.6 

4722.6 

4722.6 

n22.6 

4722,6 

3537.2 

3537.2 

~5 37.2 

3537.2 

3537.2 

3537.2 

3537.2 

3537.2 

3537.2 

"J'oq.', 1 "'it;({).3 

',7GO.'" ; "'iQ4<!.4 

57. g .:i 14411.4 

5709.5 13972.0 

<)7D9.5 10904.6 

:::gI.1.7_ 1\ ",40,1 

2941.3 4290.3 

29<11.,3912.'5 

2941 •. 3 

4722.6 

4722.6 

4722.6 

2941.3 

2941.> 

4806,0 

.1806.0 

4806.0 

4806.0 

4806.0 

4806.0 

4806.0 

4806.0 

4806.0 

4180.9 

7582.3 

92"'i4.2 

966:, ,8 

8827.4 

6504.2 

5~75 .2 

588'3.0 

5519.6 

5759.3 

8349.7 

8805.7 
9359.3 

8838.2 

7298.8 

, [14 ~ 4.7 

1512'.A 

1~!BO.2 

1 7,(Fl7,5 

574- -~, 2 

4656.5 

10779,8 

11145.4-

113CX' .0 

11075.7 

8196.9 

%50.4 

5560.4 

5297.1 

5502.6 

8934.6 

8806.1 

9237.8 

8992.8 

7247.7 

204H.2 

202b4.2 

1',680.32 

92",11.5 

773~. 6 

H5SS.7 

15()!yl,6 

1') "')(11 .4-

1 (,00')."" 

1') 36',.1 

17010.4 

10)99.1 

1115' .0 

1018fL1 

132 

10646.07 

14304.6 

15247.0 
16020.8 

15190.8 

12918.04 



1Teatment 
(Date o! 

sO'tfing) 

Cul tiTare 

co 5 
CORG 5 

UPJ.S ~20 

Mean 

C='RG 11 

P:US 361/1 

Sbl 

r-1ean 

Gr8nd mean 

CJ 5 

CC,RG 5 

;.;PJ..S 120 

Meon 

C:'?G ~ ~ 

P1S 361/1 

SAl 

Mean 

GriJnd mean 

cc 5 
cCHG 5 

UPAS 12[; 

Mean 

CORG 11 

PLS ~61/1 

sAl 

Mean 

Grand mean 

133 

Table 47. CU!llUlativf) tlTSpOr8 Hon (1lIII) 

---------------------=~~~:~- ~~:~~-~~~: ~-~~~ ~~ ~ ---- -- -- -----------
30 40 

120.0 

1 ?O.O 

'120.0 

120.0 

120.0 

12('.0 

~ 20.0 

120.0 

120.0 

181.4 

181.4 

181.4 

181.4 

181.4 

181.4 

181.4 

181.4 

181.4 

102.4 

102:.4 

102.4 

102.4 

102.4 

102.4 

102.4 

102 .4 
102.4 

,~,.o 

173.0 

173.0 
1'7"1;.0 

'73.0 

17) .0 

~73.0 

236.4 

236.4 

236.4 

236.4 

236.4 

236.4 

236.4 

236.4 

136.4 

1]6.4 

n6.4 

136.4 

136.4 
136.4 

136.4 

136.4 
136.4 

00 

~~2 .S 

;on.8 

222.£1 

272.6 

2:>2 .S 

222.8 

:'14.8 

314.8 

31A.e 

314.8 

314.B 

31<1.8 

, 66 .50 

166.5G 

166.50 

166.50 

166.50 

166.50 
166.50 

166.50 
166.50 

First "'0, !lo-
!l{)'o.cr1np; "'~r:nt~ 

713.4 
76S.6 

--;"f-:";' .0 

7S5. 'I 

520. q 

442 .8 

431.0 

377.2 

419.0 

67'3.6 

109.C 

726.4 

705.2 

;:;62.1 

211.2 

20B.2 

190.4 

203.: 

298.1 

311.1 
326.5 

312.1 
257.7 

89' .r. 
'-14"'.t; 

1', .' 
7')9.2 

237. i 

359.C 
361.2 

373.2 

366.5 

299.3 

"')c".6 

'),'.e' .8 

,'.l-

, . ._ 

532.4 

~ Gg.2 

~'17 .~ 

, (,6.5 

411.6 



:'=ea't;ment CuI tiTB:::-S 
(:"B,','G o! 

sowing) 

~3 

Mear: 

cos.:;. 1 .. 

?I.S 361/1 

SA 1 

Grand mean 

13~ 

___________________________ ":,nr.:·s (U3VS ::).!tf!,t sowing) 
---- -- - --- ------- -----_ .. -_ .. ------.. -----... _--30 :-0 :;-t,z't 5c'" !l\)- Harvest 

~:._"'!. /,.1 t 

"":'1 . 

" ..., .~(, . '6 

(i. 

,..,.; ~ .1 ,. 
7~ 74. D. f 

". 1(. 

T,"'.::6.:( 

". 740.16 

44'?60.0:: 

{1.,..,!J""! ng .",P!"'!r:~ 

, : ,,' ~ i ~1.:2 4 

1 :.;:"-. , .r,.; " \'C,t'''8. iG 

" '.J!.: 4 " ~ , .it. 
" .' .:1' 

1.:' b() ~.: '1 .42 

~ :' 7-;:.:r,·:1.(X' 
" '_04,: " 'v:' • 1 

1.;- :;c", .<!,: 2 '>['-'.,' '.J.e 17·'\.<'. ~ '7.:2 

1':'8.17,5.4-', ',;7').8 1 10147(1.6 

; /. ~ 'l~ i:>" )'-,8.7.: 

S~270- .~".' 1 "it,')1S .fl1 2',S24Q. '.0 ?91~19.4B 

361}45.49 

~P"""::;.::iC; 1 'I.',": .e' ·6717"'.':)0 12963n.~O 

4.4? (,0.03 • ~ ,: -, ", • 8"1 ~~; '<';' 6'1. ~,,) 1 ,,(,t,.~<·"7 • (,0 

u.96C'.~i3 1)l)~:.,.:1~ ?b?'<T:".30 1:1:-,04.'.5.7:) 

6188';.12 

6i 889.12 

61889.12 

61889.12 

61889.12 

.- 0:0" 

.1( 

y 

JS'758.6S 

85 753.83 

85753.88 

35758.88 

85758.00 

B5758.88 

1 "~1 

.y7 

~ (, , ··7' '" 
19 1 07':>.37 

1:1; 87', .37 

19167:- .37 
191875.37 

i9~375.?i7 

19' 875.37 

~·C;Ci?, ~ '7 • 4-4 3;,"'~?4 .'): 

;?g?6:-iB.OO "l;70~-,10.;8 

2::>; 1,44.<i8 3F.t.C)F,.,:>f) 

28'4")6.64 351617.tf; 

5565?'9.92 77)7)B.W 

59598;'.1; 8~ '1 ?iJ:-.f\,.g 

653290.54 884900.30 

601934.53 83579'::1.95 

4-4 11(0'51 594209.90 

767Qi •. \O 

t\79641.87 

22:?61 15 .30 

? ~'J'3 ",,'10. C'O 

21.:'~ 272 .GO 

2~ifl',A6.00 

·jnI,9()(j. :,0 

qF:!ig8:~. ~O 

76', ,00.48 

17379B1.10 

1876375.BO 

1723239.20 

1)00316.70 



Data on gI.'OVtag \tagI'Ve d83'. lire :presented (nabl. (9). 

It lll ... aed .. Uae 1Ir:enll 1D aU 1be three 1IOWiDp. Howena'. 

tbe h1aJ1eat """tag desree 48ya .Ga'tI Dottoed 1ft 11 (2120.25) 

tollGWd b7 Dt (1625.65) and ", (1240.,.,). .As 1D 111. preY1oa. 

oena, the lUg dlU'llUOil oQltl~ara acou.alated aare degne 

dll7. thaII the ahort daraUOlD OQU1 ...... 

Data on ollllQlaUn pbototheaal lUlU. i'n"Jeled that 

the paraaeter valuae 111111"a.84 a. UIIe actvanoed (Tobie 50). 

3b1llar to "",,Sag depoe day., the hlltl()at acouul.aUOiD .. 

IlOt1oed ill "1 (58T75.56) followed bl liz (46191.5) alld n, 
(42720.6). !he l.ODB dDa'IIticm oulU,..".. IIOCUIlt&Ilatad biBb .. 

• it. tball the art d .... ' loll ODG •• 

Data on oumalatwe da, l.eDgt'h a'ft'eal84 tbat it 

1Doa'ea.ect as UIIe Velld (fable 51). Tbe h1gbeet aoo_laU .. 

el 487 le~ _. DOUON 1.a :n, (2133.62) and 1bUCllfe4 bJ 

Dz (1820.'7) aad n, (1545.12). ~ to the o1ber paM_tea. 

tile loq 4U1'8UOlD oalU'f'Gfl eceaulAhd IIOJ:O cia, leagth t~ 

tile short dUQtloll oalUftao8. 

Reat talt. 

De. on aceumalated Mat a1 t al80 ",",_led that 1t 

s.a.eaaed .. u.. Velld (fable 52). S1IIUar .. othea' ~, .. 

tJot ........ (11) ...... 1at .. tbe hi ..... beat aU. (4195.04.) 
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Table 49. Growing d f!gree dayo 

:r'rcatment Cultivars Star.ee (Doy, B!ter l!Iowln&) 
(Date o"f ----------------------------
sowing) 30 40 50 

-- - ---- - ------------------------- .. _-
First SO'_' !lo- :lolT'Teal 
flowering werir;g 

0, 5 3;9.2 437.40 574 .40 81 1 .6,:) 1072.80 ,c.i':;t: .50 
C~"?G 5 3" 9.Z 4.)7.40 574.40 8!';<, .60 116::'.90 16.9~. 7J 
:';-:-';"'::; j ::':C' 41; .':'0 S7,., .4C ";'5:1,40 10"'1.70 1'i 19 ,10 

;;, Ye8.r. Y;:;.:2 41'7.48 ')'4.4.0 808. SO , ,\f~9. ~ 0 ,Sn', • .40 

ceRG 11 31:;) .2 47,7.40 574.40 1619.&l 2J(1) .SS 2CJ6::"J .60 

r-J..:! 361/ 
,. 

319.2 4.)7.1.0 ",7·C40 1 7 3').90 ~Ot\.tl. ~l" 206').70 

:J.. 1 319.2 437."0 5""4.40 177:'i.DO Z i ·~l:-I. :)" T~~9.(JO 

Me[1~ 3,'S .2 437.40 574.40 1(16.20 2C$7.fI'.} 2b)) .10 

:}!'<:3.nl ;:near. 319.2 437.40 574.40 1262.40 159') ,:;0 2120.25 

~, 5 ;.47.1!-5 464.45 560.95 768.90 90'1.GO 1 ~4 ~.oo 

':;~.~.] :,4'" .45 464.45 560.~ 7')6.90 9.21.40 ~ 37~1.OO 

UTAS 120 ;!? .45 46' .. 45 5 bO. 95 7<11.35 802 .20 12(,4.00 

~2 i1ea:-; 3/.7. 1,.5 464.45 560.:15 743.40 877.70 1327 .30 

""; _~i,G 11 ~~C .45 464.45 5[,0.95 1 ~,t ~.(){) 1506.(JO 1902.')0 

P:'~ :,t 1/1 34'7 .~5 4-G4 • .!5 560.95 1375.00 1527. ~C 1 j::'2.20 

':;1. 1 3·~ ':' .1.5 464.45 560.')5 1406.80 15)8.00 1947.30 

Me<1n 3t:.'7.45 464.4') 560.95 1374.90 15)0.60 1):'4.00 

:;:-O!1d me;)" 3' 7 .45 464 .~5 560.95 1059.:0 1204.20 1 to:'5 .25 

CG , :/n.GG 4 i 1.6] 509. )0 646.40 71 S. 70 1C4E.60 

~ ~'2G 5 38? ,::8 411.60 509. gO 636.30 731.10 ~O'?: JjO 

'JPAS 120 307. Go 411.60 50'1.90 530.80 665.70 ;&2.40 

D3 Mean 307. (i) 411.(i) 569.90 624.50 700.80 1035.60 

C~"G 11 307.60 411.60 509 .90 838.40 972.40 1374.60 

PLS 361/1 307 .60 411.60 50'1.90 857.90 1028.20 1456.45 

3), 1 307.60 411.60 509.90 886.)0 1046.40 1504.,5 

Mean 307.60 411.60 509.90 861.10 1015.10 1445.10 

Grand mean 307.60 411.60 509.90 742.80 858.30 1240.37 



Treat •• n1: CtlltiTare (Days o! 
eowing) 

00 5 

CJRG 5 

UPAS 120 

Dl Mean 

CORG- 11 

PLS 361/i 

SA 1 

Mean 

Grand mean 

Cr) 5 

CSRG 5 

UPAS 120 

DZ 
Mean 

CORG "1 

PLS 361/1 

SA 1 

Mean 

Gr.:l:U mean 

CO 5 

CORG 5 

UPAS 120 

D3 Mean 

CORG 11 

PLS 361/1 

SAl 

Me." 

GraDd •• an 

Tabl. 50. CUlllulattT6 PhotOthl!I"II81 Unitt 

stage. ( DoY' &'!hr .o'Wlng) 

30 40 50 Pirst ')0"" tlo-
:f'law:::-:-ing WC!"'1r.g 

3586.13 1279B.72 1:' ~,JS .16 :::' :',~20.W ~(11 ~D. 13 

9r)Be.~9 12798.72 16305 ..... 6 Z4519.')8 12200.27 

9588.~9 12798.72 16305. )6 22028.09 289;:'lo'H 

9588.19 12-:'98.72 16,05.36 23322.78 3047..7.25 

95GJ.~9 12798.72 16305.36 45281.21 55 5nil.~l \ 

9588.19 12798.72 16305.36 .d797S .54 5tnD7. j'1 

9500.19 1279H.72 16}O,,).36 48982.46 6~D79.4~ 

9588. ~ 9 12738.72 16,Cl':i.% 47u44.40 ':>'1Q8.48 

9')88.19 1279B.72 16305.36 35483.59 4 4 ~ ()7 • ~1f, 

9895.39 13185.00 16510.29 21680.15 25 'i7~.2 6 

9895.39 13185.00 16510.29 21253.12 259C.h .16 

989:; .39 13185.00 16510.29 19508.41 2213::9.88 

989, .33 n185.CiO 16510.29 2081 ).89 24770.10 

98)5.39 13135.00 16510.29 37833.12 42667.74 

9895.39 13185.00 16510.29 38920.59 433B9.70 

~B95.-'9 13185.00 1C5'1O.29 39765.90 H27L3~ 

9835.39 13185.00 16510.29 ")&1)9.87 4'4-4 :,.83 

9895. ?!9 13185.00 16510.29 29826.88 3410b.)7 

8708.74 11683.98 14514.05 18441.47 20237.54 

8708.74 11683.98 14514.05 18153.32 20933. >u 

8708.74 11683.98 14514.05 16525.50 1900.74 

8708.74 11683.98 14514.05 17706.76 14357.19 

8708.74 11683.98 14514.05 24841.96 28920.01 

8708.74 11683.98 14514.05 25578.05 30558.26 

8708.74 11683.98 14514.05 26606.75 31103. 66 

8708.74 11683.98 14514.05 25675 .59 )8193.97 

8708.74 11683.98 14514.05 21691.18 22275.58 

\ 1. , 
137 

HUI"Ts,t 

4207iJ.67 

46:-,U~.D5 

41931.79 

-43797.85 

71416. )1 

7I,O';?~9 

7,8~6.08 

7,'''',.29 

')E-'T7'5.S6 

37813.12 

38920.59 
354)9.26 

37404. '53 

55046. ,8 

56001.41 

57107.72 

56178.70 

46791.50 

31110.51 

32692 .92 

28609.0 

30804.29 

40652.69 

42936.96 

44571.95 

42720.60 

36762.45 



':'rea:ment C't:: t:i'O" lr'!l 
(Date of 

sowing) 

"1 

!,... 5 

UTA:; 120 

CGhG i 1 

Y:"':; 361/1 

SAl 

Mean 

Grand mean 

562. ")6 

.cc, 

33~.~O 

32~' • 

302.,J( 

35S.5C 

358.50 

358.50 

358.50 

358.50 

356.50 

358.50 

432.2;' 

4i~:? .29 

4L2.23 

')07.40 

~07 .40 

507.40 

507.40 

'iC7.40 

')C? .~O 

507.40 

4E.40 

476.~O 

476.40 

476.40 

476.40 

476.40 

476.40 

476.40 

476.40 

l>Qlo_ 

60G .OC 

-,.(\0 

t_,',: 

5}.<.:J( 

593.c b 

593.36 

593.36 

593.36 

593.36 
593~36 

593.36 

593.36 

1 ,,',j .~.; 

'7,"1.;lt 

14~E: .08-

149' • j:' 

1:;:-;1.Cn 

7-,6.14 

744..41 

61"7.05 

725 .. j4 

1044.45 
1079.17 

1125.17 

1002.93 

904.1' 

'11 -, 

86C'.') 3 

82,.76 

1217.17 
128£:.17 

eD9.17 

1270.84 

1048.30 

13S 

.'-:'),: .. 41-" 

144,.]\[j 

1.\Q- .~;> 

; v.Y?17 

120:' .47 

1297.£.8 

1707.06 
1799.48 

18'/"1.12 

1792.55 

1545.12 



Trea tme nts ::::..;1 t i 'JJ: 

(lJu"!.e of 
so·.d:1c) 

5 [~ /1 

::;;_':J.:-:::: m<::ln 

" 5 
, 20 

:':<0::::" 
:;: ~. C. 11 

"' 

:':c:.:n 

'Jr·'- Cleor. 

J' '. c 
Lli,.':: 120 

;'1ean 

CCP,C, 11 

res 361/1 

~. 1 

~ean 

Grand mean 

f.C 

, ~ .0 

" 

.7(' 

.70 .:(:' 

7')::;.4-0:: ~ CG::: .4=' 
.'.j .4:; 

7'::5.t..': ~C6:~.45 

7'" .4-5 1:'CC .<5 

""S": .LS ~ (1.);' • 45 

79, .45 1U62.45 

10(,2.45 

7S'~ .tT5 1([2.45 

~ j .'5 i:H:;;' .45 

'is::. '!C' 1:_ • (,0 

7'.;2.70 1 .50 

752.7C 1 CJ~ 1.60 

752. ?C 101 : .60 

752.70 1011 .W 
752.70 1011 .60 

752.70 1011 .60 

752.70 1011.60 

752.70 1011.60 

" ". 

.::'::'; 

1 ~ . ~ ,-

13 " .55 

" ~" . (,'::; 
13:',2.5::: 
pc 

." ":.'>5 

.90 

.90 

12~) .:<) 

1209.90 

1259.90 

1259.90 

1259.90 

1259.90 

1259.90 

fir.': n .'-
!":o'_"'1rl~: ~n( 

, ,. ,. 
\" . ~ '," 

x .',' '.\ 

::C/1 1 - ., " ~ 'L • r, 

.-., , .,0 .~ 
,J:) 

", • ~!CJ , .'.(1 

~~7l~.55 '.-
161"1(1.58 :,;-~_)., . 7 

.(IC' C' ",:.V· 

Y:II';'. ;0 " t)") 

3259.')[\ ~".:.: . .':) 

'H\~ .Gj ';;:'1 ').v.) 

:'4 -' .... "?1 • ::.c' 

, 'AJD.40 1-/:1 .7', 

1 ') ~' ; • ;0 1w!. • 

143":'".00 1 Q:"; • 70 

154 • .&0 17b4.28 

2173.40 2537.40 

2237.80 267fl.20 

2327.80 2726.6S 

2246.30 2645.73 

189'.90 2204.J6 

13 ~j 

'ar"'Tcat 

\- \.\ . ' 

.1'" 

~. 0";' • '_' 

2700.60 

3578,EO 

3766.40 

3869.35 

3744.78 

3222.69 



an! !o11C11We4 b7 Dz (~58.6) .Del n, ('212.7). ,. apeotect. 

the 1_ duet10n ... laU •• _o-.alatGd hl4he.r IIIIU. tbU the 

eb'" duaUon ollltlYan. 

• oa1ealated aad p;reeeDt8d U l"ble 5'. U lnOl'QalMd .e t1ae 

bend. ·:'-111 IOIIlne datee, first ."inS (11) "00I.'d8:: the 

1iIftZi_ 8Imsh1D. hours (t 221.12) toll .. e' 'bl ~ (1011.98) 

aDd ~ (g".<7i). S1II118r to beat IJDUa, In the .... of 

.DD8h1t3e boU1'8 too, long darettoJ') oultlft.ra aooQlllllate« the 

mcwe IJl.lIsahlne !loan 88 OOllpaL"tld to b abort duration OIlltt.,.,.... 

Data on 0)01 aal1 4ftloleftaf a.r. preaented 10 the 

!able 54. !he.re were ftriatJ.cms beMan _sea .,d oalti ... " 

ill all t!'Io tb.ree BOWiap. ;;lth .resa~ to ti.rat aawiag (n..), 

10 short dUNUon .ar1oties. 1t inol"'Jsaed as tillle beM apto 

50 pel' cent t.l.owe: 1Dg tUJd tharaaftor dec11DGd vberne 10 

10121 Ilu.raUOD oalU.,a.r8 it UOI'Oa.e4 up .. t1.rat t.Lowel'1Dl 

and tbe.reafte.r 4eaeaee4. Ia tho caae of ::at it hOI'Oa8e4 

ttu:o ....... the powth periOd. .. tMe ~ foIt abO.rt dunt1_ 

ollltlYU'!" lilt ill long 4 ... 1108 OU1U'f'Q1'8 it 1Jlonased ap1D 

~ flow;'lac and tbe.roUtcr deelued 8lIIDapt 111 SA 1 when 

it iDUe .. ad upW haryeet nac:e. 'iJlth J'aapeet 110 th11'4 

IIOWtDI {»,>. it ~.ood as UIIe trend fo.r both eroap of 

oultlft.re ... pt PLS }6,/1 wb .. a 4oo11Jllna ~od waa 

_tloec1 • t haJ:o'wn nag.. 0DIIpIII1'iDc two (I1'ODlIe of YlU"leUe" 



':H1 1 

:~1 ~, :~, ;;~;O:-11J;)· j Tt' s,:n.h1rp f., 0~lt"" 

':'reattJIBnts =t.:ltiv~'::-!J 
(:Jate of t::lf~!': ( :\ayS d!'ter f1o .... bf:) 

sowin[,) 

':0 So "-'trst .:; JA~ rlo- HarT*.1 
!low I' rlnf, ...... rir.g 

:;," '.!.( .t,,-; 4 : "-GF1.QO '"!J."l.."'CI 00\6.00 
,l.l' '. ,C\.' .,,,~ ; J ~\''''. 2,~ '1',:)1'.00 

'On: ,~ '~ .':,C " ,.:)(, <: .,,~ •• :'u 71~'. ~O g:'9.70 

,00 ,~ 1 '.l:L 0,. t\. 70 '3')7.83 

oj\_ ~,~o .,,(1 41"1.(_\) :1t\1.bQ l1F·.40 145".40 
c 

" 
'/1 ,. " _i.60 41 ~ .O~, 107(1.0J 11 .le '<.,08.90 

" 34C~. v~ 41'i,C)'I 10.1', .10 ' ..., .,~, • '0 ",7J, .90 

:'-;'.';1;- L "i.e.60 t, -: ') .JG 1l)1', .60 1 A 7' . ~(, 1 ,\S)h .40 

]::-cl;.'l -~,~;', • ')0 41', ,00 -rI1.:'0 jA 6.,1,) '::'7.12 

" j .,~::.' , 79. ~o ?Yl.8Q 3"0.80 4:-",'.7::1 67 ;.40 

i :??iC 179.30 ." "9 • .:-<0 _'I 54 .60 ·1 ~7. Dr 70~ .40 

i 2: '129,t+C 179.30 2:,9.[le: )05.(,0 'b' .I\C) G07.10 

=2 ~, : 1:'; ,!+: -: 79.30 na .8(; 326. -<'(1 ~09 .7(\ 6h1.10 

" ]9 .40 179.30 ::'39.8D 57:',.40 8;'8.40 1170.10 

~ 29. 4C' 1;9.30 279.['10 70-".40 t14H.fl0 1 ?OO.90 

• 23.!"' 17':;1 .)0 2~9 .~<r-, 7'6.40 ':]f:! .:0 1243.40 

~':e "':- 129.":'0 179.30 2"")9.80 704.40 1).r. 1 .":0 , 2(JJ •• DO 

,. ")':: . .:.'] 17'9. ")0 2 ~,9 • .'1(.1 'j2E. ~O 64S .6(1 a'>j~.O';; 

.. _ ) 278.80 376. )C 46t,.6(J 'JO-;. ",(J B45.50 

::'"":i:l.60 7.,7". ~o 460.00 ::-; 14 .ee) 694. .50 

c .. .: ... - ?7,~l.80 ",76. ')(.1 42) .60 473J(f', 79~) .20 

.J3 .20 :::78.80 376.30 450.10 4~8.E(J 845.06 

I"' ''0'' '1 20-, .20 278.80 '376.:30 663.00 7%.70 1131.50 

,L~ 3G1/i 2C1.2C 278~eo 376.30 694.70 828.40 1193.30 

SA 1 201.20 278.80 376.30 736.60 845.50 1241.30 

r-:23r: 20, .20 278,80 316.30 698.40 823.20 1190.70 

G!"i:lnG mean 201,20 278.80 376.30 529.30 660.90 1017.88 



Table 54. Rest Un,' E!!ioienoy 

,!,:"catment \;Clltiv31" 
Stage", (:Jays after • owing) 

(~at~ or 
S",)"'l:1I.,;';' 

;0 42' '.C ;;'!.r~t ~, 0'\ ::0- HarTe .t 
!lcr.;er1ng .... cring 

>- ) C.':;' :::-. c. C'.,t9 ::).;'2(;6 8."?'"l,f,_ ':::,.b..·:l,t,G 0,(;"\;'9 

:'.:; 2G : .01.:; O.:-l;1l1 O. '7:'0" 0.6',8') 

:'_;FA::: 12'J 0 •. '1 A8 C.C:)~ C! .17:3: 0 •. 1.416 O.4-:-t;.~ 0.0'5 

:L :-:r,,,n 2.C· 2?, O.C'4:'1 :".:1;1 C.';; '10 a.ens 0.5743 

J. (_)']E.~., 0.05::;: ~\. 1 .,. >\" h.I.:':'5 "i • ~v, :-' 4 4. G~ 5 '3 

..,.,(-; /> c.,,,\' i' O.C)'i':: (',1;' 2 t'.ti')".!:' ~) • ql',qq 4.7'21':' 

2'.C~ IJ~ O.(,-:q,t D.120l G .~)" 68 :; .W):.)? 4.7)23 

il:en.r. G.e L,1 C. :: ~ to ' ().:t_.",.1 6 ,,,.,t.O o .O··(,C 4.£.903 

:;r"1rG ~.'Oil::1 0.0' ~: 0.0:81 r,.1 :-<7:, ". ~ 4 2~, '.>.)03 ~ .6323 

0- o. ::":-J90 D,0::'9? IJ .C7:'9 C.2101 O.?8sq 0.4049 

0 
c 5 o. Ci)3:' 0.0301 C.OBG' D.:::'477 O.:'1j~ni 0.4679 

120 :;.~; ::'~ C.C236 C,u(,A" o. ~ 494 0.21 ')4 0.3353 

;2 !-;ca::1 o. :,09'" 0.C276 ~,.J7t,_t. 0.:'(;7/, O.?tlS.'f 0.4010 

-: '~'?-; 0.(0'1: O.C2L ~ 8. 8:)~1' 0.7',0<' 0.7'j"',rj 0.7:74 

;. .... ~, ~61 /' :::.::'JF3 C .C?!c4 :).Cy-;02 0.70"')0 0.9218 O.e7"B 

~ 
:]. ~'"i "" 0.022:: o.c::.r;" O. ()~;!l;: OJ'>.'. G" C.St'30 

~,o:,' J. ~ ,:::.':..'V.:." C.C:''''',? C' • -::'~,.:.\ C,:1 ,'';, ·:).R!. "'; O.S:',t/ 

~r? ;y"': ;:l"? G:; 8.8256 O.C6\,~' ,;.4<;Qt) O. ~J6", 1 0.612? 

>' 
< ~ .. :y ~i C.::-;', ~l3 C. ~:.27 'J.C.~~ 0.1';77 O.3?,)"7 

C.:::081. e.o' 85 C.026S 0.07bi 0.1905 0.)1.29 

1IT'.: i 20 r). -:"O"'C 0.0167 C.0416 O. ')')84 0.14 )6 0.2779 

D_, Kcan O.OC82 0.0182 C.0371 0.0736 0.1673 0.3155 

CC,F.G 11 0.0068 0.0154 0.04.06 O. ~376 0.4460 0.5129 

Y::.2 36~ /1 O.OC74 0.0178 0.04(·2 0.3299 0.4 ~70 0.3939 

Sh 1 O.XBi 0.0166 O.S405 0.3319 0.5277 0.5487 

Mean 0.DC?4 0.0166 0.0424 0.3331 0.4636 0.4852 

Grnnd mean 0.00?8 0.0174 0.0265 0.2034 0.3158 0.4004 



1o.,4u.raUOD oll1ti'4'Ol'8 ftON'4e4 hi8bel' 't8l.1IGt1 b ... 

IIbo1't d .... U_ 0111 t:lYD1'It. 

Re1aU_lIblp 'betwee 'J:1 lIaU41' _oo_lat 1aII bd Meteozol.osiod 
p81'fIIWte" 

The COR'fllaUoa lind linear repoee.1012 wa. W01'IuI4 

out betwei>D 41'; .att41' Goo_au. at. d1ffdl'en "ge8 witb 

... 1'1.8 lIetool'OlOSloal para.ten D8ael7, olllllu18U •• 80_ 

1'8dl_UOD, I1ftpo1'8t1OD, he11Oth8ftlll1 QftU, gnwiDg 4ope. 

days, pbow1h..-1 uaUa, d.." 1ellS'lIl, h·)Qt =18 aDd 811J18b1ae 

boR. and til::; data U<J 1'1'88ented in 1bo 1\\bl0 55. The CIQ~ 

tlve solar Jl8dSaUGIII, powiDg degree days Qft1 eun8h1De hDa1'. 

W81'e poelUTel7 OQIrl'iJ1ate4 with d1'f _U41' aoou-.1aUolI 1. aU 

.tagee. :an '1" ... luo wae .1gn1f1oaa't _1, boll 50th 4.." 

onward. UU baJ!'f'eat. file I118Xlalall pOalUn 00ir1'e1aUOII "aa 

obialned tu OUIUIlatb'e 801111' radla'lloa at f11'at t1CJWariee 

(Z-O.8S34**), f01' powing dQ61'ae dayo at lIl1"hat (Z-O.8964") 

aDd tin- .... iDe bOars at f1l:'.t flCMl1'1Dc (Z-O.8191H ,. !be 

ownlaUro napeat10ll sad day 1~ ",re al80 pOlI1tiTa17 

oone1ated with __ U81' aoel.allatiGIII bert sigDlf101lnce _. 

DOtloed oal,y fall f11'et t1CJ\ffI:-1Qg ODW01'4S. '!'I\e _xllllllll poeUl ... 

OOft'ClaUOn W88 obtalned at boarW'est stare t01' bo-' ]1111'..,'9" 

(eY8poratlon Z-O.8645*" cla3 ltDCth ..0.8435*·). '1'ho heU. ... 

th...a1 _11:8 ebCJWed poeiU ... 8114 .Jp1fioaDt _re!aU_ tna 

40th da7 0DW1U'4.. 1tle ..... _ '1" 981 .. __ obtalDa4 ill 

ham ....... <-0.9161-). !he pbotothaMl .Ua aDd heat 
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alt. were JOfdUft1, and .~USoIIDt~ oarnlaw4 wUta 

D.l'3 _tter 6Cea_lattcm at aU lItage.. lIIat IIIIld.8a 'I"' ..ala. 

we. aotlo.4 at Urren _ta81 (pboto~enal ua1t ..0.8001 ... 

hoat !mite r • 0.8135-). Ooaparillg aU tbe .. teo1'01os1oal 

par_teD tor 'r' ?&loe. the olallllati'Ye b.eu.o~zea1. aalt. 

we" weU Of.Irre1.ated wUh dz:r ~tor IDcQllll.at1oD at bu·,. .. ' 

stage (PIIO.916,**). 

:ttItCDta ct nit1'G8all, ~. potas!11ma. oa1ol_ 

. m I!II:\t;ncalua werJ :mo1:;GGd at the nat"lan nllee lrl mea. 
root. 1::at sr:aiD. husk anl tolleD leaf Ilu.arials. ':'be total 

uptake vat') COllapahd baa<i4 CD the 1ndl'fi4ual _sail Ilptab and 

the data are Pl'"dI7CtJtad. StaUatldal aoalTlJI.e ... ".,rtecl 

for studying the L1p'_ l;llttQftl lrl dUfeJl'!mt p181ft Ol'p_ 8114 

a180 the totsl. apt..1ke of aU ftut1'i"rJts. .'part t1!OB th1a, pooled 

Bml".a1e w .. alISO undert:meD tin' all 1ba tr.J."!lQ aowlrlgs. 

RUZOBeft (a. plan .. '" ) 

OoIaparlns all. the plam .-poneDtII, at_ Z'GOQrde4 'the 

ud_ (3.90) toll.OI1oc'l 'b7 .. 00.0 (3.59) (fable 56). 1!118 

bead W1118 DOU0e4 1D tba fun _0JW1111 (D,). lIu't lrl 111 ..... of 

oeOODd (~) an! tilL"'tl aowlnga (~). Deeds "giatued tbe ... S-

gptalDl to1lowe4 '" a13" QeD8~, 1ft au the pla __ 0..,...... .. 
pnpe ...... deaease 1ft Up_ .... ., DOtSoed b'oII Dt to n,. 
slGldt .... nt IUtferanoa8 oeold be DOt1ood BIIOIlg the ~ 4at .. . 

Pooled ara1.".le 0ger tlu'CfJ ....... J:'Oftlaled that ........ ..... 



.39 C.;';o! :,6 3.9:)8 0.268 0.:95 

'J. :}2';:?S '0 O.05~O 0.00060 0.0035 

~. __ '.:2,-,5"- :' ,'-" o. -;',5')"" 0.0..)::47-· O.O~ -;.7** 

'...1.:.:::1 O.u<J'l 0.:'1 .., 

~ . :4 ':"H,',)_:; O.J.)G~4 O.OX,32 0.02'25 

:.:.::-;;:>?!:'>" .... ' • ~ !.( '7 It • L.'J?21~· .. J.Cl)1 16-· 0.0820·-

8.· (,1 C.CX':9" 0.120 

" 2. :'''.:1: 0.Cnl"tO G.C'Y:'18 C.O~i 4 

l'.14G/.". O.O? :,?7*· O. ~~)0(,~·" 0.00'30· .. 

?"::~D~.::;::_" 

0 O.'c 0 O. ~:n C.G716 0.0101 0.089 

~ ?:; 'J. ~ C'"7 O. 1;;~ 1 O.Gin O.'J'!7 

, ' j :::':- 0. ?'- 'J. 'ih7 0.0':,06 C.OC)64 D. ~ ')·1 

1>'",:::':1 
C ~ :_."'j O.C17'2 0.OC)'j4 0.096 

":T': G. :::::~ 1 • ~ 2 • G3 ~ O.1dC'5 0.294 

~, , ,1 
'"' -)" .', 2. -",8? 0.2302 O. :,",,)8 

., "3.'7"',,- O. ~ 614 J. ," 
,_-- ... -

'. 2.91 f, o.nn C.?-22 
'10;3:1 

'::::-.3:1::'. me3r. 0.2 1 9 0.76' 1 ~437 0.0132 O.20? 

~ 

S1 0.8181 0.00229 0.1497 0.01220 0.00018 0.0054· 

::1) O.O-~4t.** 0.00691 ** 0.4512** 0.03677** O.OClOSS"* 0.0162** 

cultiT8 r 

SE 0.0256 0.00324 0.2117 0.01726 0.00026 0.00'76 

CD 0.0770** C.00977- 0.6381·· 9.05201 ** 0.00077*· 0.0229" 

Sowing: x Cul tivar 

SE 0.0443 0.00562 0.3667 0.02989 0.00044 0.0132 

CD 0.1333*' 0.01692- 1. ,052*+ 0.09006** 0.00134*· 0.0398-



SE 

CD 

II sowing 

Mean 

83 

CD 

III sowing 

Mean 

So 

CD 

pooled 8llslysUi 

CO 5 

CCJRG 

U"PAS 120 

Hean 

C:JRG 11 

P~2 361/1 

SJ.. 1 

!l:ean 

Graoo. mean 

Sowing 

SE 

CD 

oultiTar 

SE 

CD 

Sawing x ()Jl'tiT&r 

BE 

CD 

Seed 

O. 001 ~17 

0.00718 

o. ~ 18 

O.OC126 

0.00459" 

0.06A. 

0.:J0154 

0.0;)563 ... · 

0.087 

0.091 

O.C60 

0.0791 

0.285 

O.28~ 

0.286 

0.284 

0.181 

0.00066 

0.00199 .... 

0.00094 

0.00282** 

Table: 57. Phosph<r us uptake: (g -1 pl ant -1 ) 

Pod ."all 

0.084 

0.0042'1·* 

0.037 

0.00152 

0.029 

0.00393 

0.01429** 

0.024 

0.027 

0.021 

0.024 

0.075 

0.069 

0.084-

0.076 

0.050 

0.00103 

0.00310'" 

0.00146 

0.00439" 

0.00252 

0.00761"* 

Lea! S'tem Root 

O.0f18 

0.0)8 O.10t:i 0.8J77 

0.00151 O.OG266 D.C'Q197 

0.00547** 0.00967" O.Oll7n'" 

0.00141 0.0010", 0.(1'_',.\1') 

0.00514** 0.OCnB1 ** O.OC~J~<:;·· 

0.025 

O.02G 

0.009 

0.018 

0.169 

0.191 

o. ~ 86 

0.182 

0.100 

0.028 

0.033 

0.016 

0.02<i 

1.079 

0.957 

0.98; 

0.505 

:J.ome 

O.O{\~8 

0.0']25 

0.0793 

0.0',08 

0.0625 

0.033 

0.00058 0.00923 0.00183 

0.00176.. 0.02781.... 0.00551** 

0.00083 0.01 ~ 0.002511 

0.00248.' 0.03934** 0.0071!l·· 

0.0014' 0.02261 0.00447 

0.004'1" 0.06614'· 0.01349** 

P'alJD" lea! 

0.01 :1 

0.000('7 

O.O'YI6 

0.008(, 

O.()!)[l'j 

0.02(,7 

0.('319 

0.0279 

0.018 

0.00042 

0.00059 

O.CX)17S** 

0.00102 

0.00308 ... • 



,!,a"ole 58. potassiua trrtake (g.plant-
1

) 

Me2r. 

I'oolcc. me an 

Grand mean 

5o-dns 
SiC 

CD 

3eo:!d 

~. 406 

:).61 :' 

J.::_ -; 34 -; ........ 

G.565 

0.4.25 

J.)1 ; 

',J35 

1.245 

0.306 

0.01552 

0.04678 

0.02195 

0.06616** 

sowing x Cult1var 

SE 0.03803 

CD 0.11459*· 

Pod W'a: 1 

0.)09 

0.00717 

0.2QO 

0.163 

0.192 

O. i 20 

C. ",8 

0.407 

G.546 

0.468 

0.313 

0.00295 

0.00890** 

0.00723 

0.02161" 

1<8! Root Fallen leu 

1. ~R6 5,560 o. ~63 

0.1)4 0.189 0.011 

0.00151 0,04045 ().O':_'1S9 

0.118 

O.CI56 

0.100 

D.7St 

0.9'76 

0.931 

0.515 

0.138 

0,182 

0.064 

0.128 

'" ()44 

4.038 

4.017 

2.072 

0.00378 0.190 

0.01138** 0.51"·· 

0.01138*. 0.811** 

0.00925 0.466 

0.02788** 1.405** 

0.016 

o.C19 

0,012 

0,015 

0.144 

0.00272 

0.00821** 

0.011&1** 

0.00667 

0.02011** 

0.114 

0.071 

O.C'12'72 

0.041 

O.CXJ161 

0.031 

0.0:-'0 

0,029 

O.O)~ 

0.101 

0.123 

0.; 25 

0.00353 

0.00499 

0.01505" 

0.00865 

O.026i06** 



the bJ.,sbe8~ 11 (1.878) foUowed b,y .t. (1.-497), loaf (0.'64), 

pod wau (0.219), toUcrn leh'e. (0.209) 8Dd not (0.01!S2). 

Bee .00, lOll!! dQ1'OUon oalU'Pm l'eoo~e4 h~1' n1 .... 

aptake thaD the ebOrt dQZQUoa oulU.Yare. 

S1IIi1ar to a1 t1'OgOD, pboap"" vas OOZ'IJ ill the 

.te: (1.3'19) 00.1 followed bJ ••• J (0.:56." (!fable 57). 1bie 

va. aoUeed ill 'lbe .... of fil'et sow1as. BIn in tbe OIl.. cd 

~ and :03, the .. 04 (0.118, 0.864) e:JI090dlld ~ ~ etom uptake 

(0.109, 0.027). The oalt1yar dUtU''lDO08 ill aU thi! 1ihJ!'lle 

""_8 111 au the plant CIOIIPOD«Ite wore fl:»U1!It1 to be Il18nUl­

Ollllt. Pooled ana:a.,sSa 0'181' the 1iIOW1QS8 re't'll6led thot 'IIh., 
lIaxlllulll phoapbone IIpt;.,Jtc _8 DOUee4 ill tile st_ (0.503), 

fol.lclws4 '" paiD (0.101 >. 113at ".111). pod wall (0.050), 

:roota(O.03') aDd faU_ laave&1 (0.011'3). Hore too, lone dan­

Uon olllU'farB :reOOriad h1~ezo pbDapbozouB u:.;Jtake t::an the 

short dUl'lilUoo ol1lUvars. 

-1) P'otaea11m (g. plaut 

.3IIIf1Dg diff<3J!'UDO'UI 'llJU'!l cl{".\rl.:T 4(D!ll'Oll"ad (\'abb 58). 

ll1,th 1'1IfiJ!U'd ., fbet aowiDs (Dt ). Uua l."'loord'ld thO ""'Xill_ 

UIJt.- (5.560) fOUowed by gl8iD (1.406) aDd leaf (1.186). In 

the oaee of 8IJeon4 and Ul1rd 8ClWiDg, ae~. :regietered the 

.:d.aII aptate fel.l.ollG4 1»7 rie.. ntat1ettod all8lpU .­

fO_ ... ~e .lfpIU .......... all •• enllS_ofts 1D aU the ... 



eowlDaa. ~e4 1lDIll.7ei8 __ 84 tbat tbe ••• )101 ... 118 

uptake .... ll10rG lit at_ (2.012), foUowt4 b7 eee4 (0.906), 

leaf (0.515). huek (0.",), root (0.144) aDd fallea l~f 

(O.OG,). ~n here 1001 dlU.'OUOll oaltiTarll rooarde4 h141" 

aptaka than tht! mort dL1l'llUoa et1ltinre. 

oa101_ uptaka (g.Plan'-') 

nata Oil ctale1_ aptake arc pnseDtec1 11l !l1tl.o 59. 

Sow1Jl8 d1fferenoea "ere lIt1'11MD0111£ the oa101_ aptake 111 

aU tho three ...,lItg dotea. 0Sl01_ uptake was IIIIlXlIlaII U 

Lin 

the IItoa lit the oralie o! 1)" lit leaf lit 12 aDd fallen _tenal 

1D »,. OU1Urar d1ffore_.8 were fouIICl to be IIlpUloaatt f_ 

aU OOIllpJDeJlta. P301ed a!l8l7au rn'ealed tblt the highe.t 

aGlln calcll111 uptake was reoGl."Jac1 in atOll (2.561>' toUowoct 

b,y %'Oot (0.270), .fallen _ter1A1 (0.204), grain (0.087) Q4 

hu_ (0.087). 

1'bGre Wl'e 81gD1tioaDt dl.fiqoenoe8 1ft _sneal_ 

uptake IIIOllg dUfereDt Bow18e datea (:1a1tl.e 60). :DJ the .... of 

fint IInflnc. etea aco_1ate4 .... _ (1.951), f0U.ewe4 " 

leat (0.388) and ae::.>d. (0.2,,). "'ith r6881"4 to 8800D4 eow1Jta. 

the h1e,beat vas bOt1oed 1ft the at_ (0.19'). followed 'bJ bUll: 

(0.130) aal leaf (0.069) were .. 18 the oaae of thirl! aowSq, 

batik ..-fted the _xSaWI aptake (0.089) followed b7 .. .. 

(0.0l'), leaf (O.043) ODd ~lIt (0.0'9). '!be dl1f ....... . __ -- ... ~-

wera 10_ to '~.Uteallt'~.t ~ l«n1a. !i1le pool" 
,/ .,. .- }'-- ' 

I' rJ~ r ' \ ~ ~) 
; II _ \ '7)L',t\i 9 - .J _..;) 



l' 

"~S ,.6e /1 

SA 1 

Grand mean 

53 

CD 

CD 

Sowing x Cultiyar 

SE 

CD 

0.152 

0.137 

0.089 

0.00368 

o. 01 ~ 08** 

o. X519 

G ,015 67** 

0.00901 

0.02714** 

O. i)6 

0.129 

0.087 

0.00182 

0.00549" 

0.00257 

0.00776** 

0.00446 

O.C1j44** 

0.286 

5.7.32 

4.9&' 

2.561 

0.491 

c.) !( 

0.270 

0.01234* 0.24295 0.02914 

0 .. 03729.... 0 .. 73219 ** 0.08781-

0.01750 0.34359 0.04121 

0.05274** 1.03558** 0.12418"* 

0.03031 0.59512 

0.09135** 1.79352 

I ..... ' 

151 

0.194 

C. "!JQ 

0.::11 ',18 

0.0<', -194·· 

0.')01 

0.0'99 

J.()Llfl 

G • .)?5 

0.32') 

,J.12J 

0.204 

0.00519 

0.01567" 



I go' ... ·ir..~ 

~~ean 

s.~ 

:-lear. 

CD 

CD 

SOy,'ing x CLll tiv2.!." 

SE 

CD 

J.:' t 

C.~Ut 

C.O~06 

0.12237** 

0.00703 

0.02119** 

:Pod .... ::;:.1 

0.077 

':;. ':57 

~. ~n 

O. :56 

iJ • ..: 2~ 

c. ,33 

O.12L 

G.C:U16C 

0.00227 

0.00684 ** 

0.00393 

0.01184** 

~'af Stu. Root 

0, ',q" ~. 9Si O.:U.1 

.~ • ~ ... ~£ 0, ,1.11\" 

.\ .... • ~.~ '?" .... :>,('1 "'''77·· 

C. ~ ~9 0.D:4 

, 4 0 (',C1 '.67 O,C(,1 '0 

1""','" G.(J4'~;:' .. (l.c)(]!,::?5 ... 

r).OO~)"'4 (J.( 

J. ,'.~2":l '0.037 0,00(' 

(;.C32 0,044 O.OOf 

J.C~8 0.017 0.:(') 

:';.:::" , ':.(;;,2 0.0 .. , 

:-,.::>7"1 l.'f\4 0.1-"°) 

Q. "i; 1.~ "7 0,102 

')."')':'7 1. bfJ8 O.1')e 

Cl.3C6 1.436 0.158 

0.166 0.734 0.083 

0.00085 0.09402 0.00122 

0.00255** 0.28335·· 0.03367.4 

0.00119 0.13297 0.00172 

O.CJ0361- 0.40073+* 0.0<1.)19·· 

0.00207 0.23031 0.00298 

0.00625** 0.69408"* 0.00899"* 

152 

Fallen 1 ear 

0,061 

O.,::OVl(l. 

C.Oi;\ ~ , .. 

O.(1~ ~ 

0.00098 

0.00Y)7" 

O. '(;1,~" 

0.022 

O.C:1 

0,021 

C.C21 

0. '.1":"7 

0,0'; 5 

0.00:,8 

0.057 

0.039 

0.00101 

0 .. 00303'" 

0.001422 

0.00426** 

0.00246 

0.00742·· 



Xi t.!"ogen ?hos~)hor(Jll rot_l:.>~iulII 

1('.2?<! ~. ~ ~r q. ~ ~5 

c ... r, 
o J ~q.~ O.~, "'i1 

:. -'-: ".If r ; .: ... .., . ~ • r," .. 

( I ' " ~ 

I). \-,0"'>0 .r !OQ 

c· ~4 1 C " '/\"<1 '-'.14"-"·' 

1 .Y;~ c • i ,~ c, 0.Q75 

0 .017" 

J, ]6,1', .... .(,i~)7:: .. , .O! ()(is''' .. 

1 .392 '. .1764 0,8)1 

1 .5W~ c.::,q 0,°7;, 

'.e7: ' 7::> ().7 r
, 

~ .3·!? c. F9~ 0.80. 

--: .553 i .,:ST>; 6.798 

7.718 1 • j"<!P 6.~'i1 

9 .'~;;9 .::<71 -;.517 

8. ~ 1 0 1 .. .sn6~ 7.[¥)5 

5.147 0.879 3.921 

0.05 48 0.01059 0.125-4 

0.1635- 0.0")193** O.~779·· 

0.0775 0.01498 0.1774* 

0.2338** 0.04516*· 0.5345** 

Sowin~ :x C:.lltivar 

0.1344 0.02595 0.3072 
SE 

0.4049- 0.078214"· 0.9251** 
CD 

C_l::'_ciullI 

tl .~;~~ 

-.' ,-1,) 

'. 
" 

1).()',;'i;Kl 

\,.1 I,' -:>; ~ •• 

().t.HI 

.- <'(,..f.6 

0,4(1[1 

{1.t,7: 

n. 

C. 1q4 

6. 6~ Q 

'>,:':'2 

t.. I')!. 

tlJ,'11 

3.498 

0.015,56 

0,(1.17483"· 

0.02228 

0.067151 ** 

0.03859 

0.11631" 

\ .; 1 
153 

Ma~el!llu. 

~.049 

C'.Cl1'732 

C.'.06296'" 

21.498 

0,01 ,.1 
0.U4876'-

0.242 

('I.Oi"i4B 

('.05611"· 

O.Li "i 

0.7"';8 

O. i6'5 

0.205 

1 .('8') 

2,-'1 J 

2.6"7 

2.)2i 

1 .25) 

0.00632 

0.01905-

0.00894 

0.02695** 

0.01549 

0.04667" 



Tabl_ 62. hot_ill analJeSa 
15~ 

Prot_ill hotel. PJIot_1D B1Vopr1 
(poI' ont) 71014 -1 (g.';) lIar\"ea1l 

a.plaDt iII4_ 
(Per .. nt) 

I eye .... 18.16 20.61 110.19 41.2a 
f:E 0.494 1.959 1.124 1.124 
CD 1.194·· 7.123·· 4.089- 4.088·· 
U SO!d.y 
Mean 20.25 8.3' 47.84 59.58 
sz 0.396 0.164 1.839 0.128 
CD 1.442·· 2.m·· 6.689"· 2.648-"I §!!&aI 
Me .. 18.18 4.45 24.96 51.1 
53 0.107 0.092 2.159 1.1,6 
aD 0.390·· 0.334- 7.852- 4.1,,-
f221~ aD!~,ull 
C05 17.68 4.96 36.67 61.00 
eooe; 5 19.03 5.se .,.,6 04.10 
UPAS 120 17.32 '.92 29.01 6:5.06 
Meotl 18.01 4.92 36.41 62.98 
CCIlG 11 20.17 16.46 81.34 46.50 
PLS 361/1 20.36 17.19 84.98 45.83 
s:. 1 '9.18 1B.32 90.5' 46.50 
.eaD 19.40 17.'2 85 .61 46.27 
Gl'8Dd MaD 19.06 1l.:.1~ 61.00 54.6, 

~ 
SZ 0.151 0.496 0.119 0.414 
CD 0.456** 1.435- 2.168- 1.241-
QglUyK 
:1£ 0.241 0.t02 1.017 0.585 
CD 0.645- 2.114- ,.oM- 1.765-

iIIWII I ClIllt,. 
:"3 0.311 1.215 1.162 1.014. 

aD 1.111·· 3.66,- 5.309- '.051** 



811&17- renale4 that the apt"1ke of .pad .. b, 41tfueat 

plllJt CIOIIJOMlIte 'Wero 1r.I ~he flDUovlDC aNal', eta. (0.734), 

leaf (0.1.>. haall: (0.124), polD (0.166). root (0.083) 

8D4 taUeD .. erial (0.039). AU the DUtz.101lt. 8_ .. 

IIltl'OgeD, plalpbol'UB, po.osi_, oa1olulll and UGD .. 1_ 

recorded higher optake lD loDa 4 lJ!QUOD OulU't'3rs tbQ 8bori 

da:raUcm. 

15: 

The .tol cptliD of aiaoan. pboepbone, pote.a1 ... 

ealelllll aDd lIl88DoalUlll ve1'O om:aputad 011 pal' p1allt baa18 fJ'OB 

the1.Jr CODpODOIlto Cllld too 4ata a:ra j'lI'u .. nlled (';'able 61). 

DttfCl1'tJDOee were foao:1 to be alcnUlD8Dt at au lE1l'w. ,Ill 

tbe above nutrlonta deue._e4 pt'Gp'e88i,",-, ~ ::; 110 n". 
Dato on poolO<1 !Bee r<."1"eoled that lIII0116 the Dutrlena, Dlt-cea 

aptoto was touD' to bu tho .-xiIItD (5.147), followe4 bJ 

pota •• ll1111 ('.927), olll011111 t~.498). IIUlgDesiUlil (1.26,) aDd 

Jiu»obuu (0.879) l"e8peOtlnl7. S1Id1ar to othol' pal'8ll8to.n. 

loft, daratloD or4Unn "oo:ll1e4 higher Dutrieat opt_ tbaD 

'Cbe shorl dlU'8UOII oult1Yura. 

2!18 pl'OtelD OODlIeat oa UDit .., 19bt 1:Ia8U (per OODlI), 

per plan bule (1.p1arrt-1) _4 at 001II:1 .. 1.., l!19'ola (, •• -1) 

'WOre •• 8e ... 4 at 111 rt'08t Raee 111 the .. 84 &ltd the data .... 

preeenW (1\lne 62). _I tile DOWiJIg 4ata •• _4 ....... 

(liz) 1'GOfIII'4e4 the hSIIloat p\JftentGp (20.25) tnU0we4 lt7 



n, (18.'18) an~ 1 (18.16). Oft per plant .IIb, • p!'Ope .. be 

reduction 'W6B Dl)tSoed froIa , 110 n,. A elll11ar treftC! ._ 

151) 

.lao nctloSl1 on COIIllIIIlIUy lnd. Ill.. ~C! 4'tterdeee ware 

foe4 to be a slpi1loact at an let'ft18 1!1 all Cll' tla'l'l_ 

eowlJlp. Ib the pooled a'Ml1a1a. loee d .. p.Uo!! ou1:H. ..... 

nooried h1&ber lIl'Ohlll content _ .U -i&'bt bIUJlII (19.09) .. 

OOIIlpllZ'3d to the abOrt duetion olllUyaftl (18.01). fhe.P 

le'Nl. !ho pooled volao 0'"1' 80Wlnp and vnrhtte. "Sl'e 

foed 'to 'be 19006 per oerlt, 12.12 (g.p1ani-1 ) IUId 61.0 (c •• -I, 
fflll' ta"OtdD paooetItaae. pfttda Field Oft per plaDt baale aid 

aotIm1III1t1 baa1a .reepoeUyel1. 

Dct£ or: D1~en ba1"tCct iDda are presente4 ('fI!Ible.~ 

Th:> harYcct 1ndclt oalculated on the beaU of 1I1'b,oogerJ coateDt 

revoolad lIItpmYlJIIP.ftt ot h~ol't iftdox over UlildlU .. l HI 

yalu<?8 of !lI. ':lle nluogen barYeet 1ftC!. !ol.lowa4 "'0 '"lid 
.0 that of traditional barY'ltlt 1llda:. ;':1t'b l'eg&rd to ""lDc 

dUt'lrenoea, second sOdlng (11) l":eOII'd~ tlMt h1~lt·.t .. lae 

(59.5S) tollowec1 by Z, (57.'0) eat'! n, (41.22). !!be 98d.etal 

cU.ff81'eD08e ware IGI1Ild to bt' ."atlBUo.u, __ USeallt ... aU 

the ~"aow1JagIi. 3YtHI he:rN, abort d'_;:ioa coal Uyars 

JOeOOJ!ClM "!&bel" BEl tIl_ the long 4ur.Jtioll OIllU..-a •• 
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fbe .nal3aia Of YIlria __ tor phe_V ..... billt,. 

trw twol .... oharacte1'8 as per ~arbart aDd Runel _al ('1966) 

1a pro.ented 111 the Table 63.64. !he....naD08 4. to 

... arleUsa and seasons were 81plt1oant trw all. 1be obaraot .. 

at 1~~ lllYel. i'be _~ 8qQ 11"8S due to .... rhV x S~80D weft 

.1S111tloa!lt *'" aU tin o~ .. aote" exoept pbot08,JDth •• 1.a and 

811mb!3%' 01 80ad pctt' z>Od. 

~>;easo" (11D1I~) _.0 .quare. were a181l1t1oant m 
al1 tho oharacte.re ".ept 11l81-otllil raUo. VQ1'1aV ~ aoQ8OD 

(ltDollr) .180 aquaree '11>:1 \! ul~1floaat at 1" lllYal, tfW LAI, 

at_ weiFt, total 1l4'ofA III .. ber of breochGa, harnst lDdca all1 

11'81D )'iald alii at 5$~ leyel tor leaf .... r:lUo all1 10ClC).0ee.d 

wa1gbt and aoe aigftUiOaDt fOr 1IIll"f1dtal leaf ..... pho" 

ayntb oel. and lio. ot Goala per pod. Z-taan .quare. dUG to 

pooled ,''JVta.tiOlla (non 11.n<lar) 1ofd%'e alSDUieant at 1~ l<ml. tor 

ham." 1.IIdes aDd DlDbcr of brSDOb .. and ot 5% lnYcl fotI! 

1O(J(.).eeo.; "e~" aQl.'l ","111 field .• aDd DOD II1eD1tloallt fotI! 

aoa the llnol.7aia of 'IOriaDC!l t:lb1e_ tho )'ercento,;;:e 

of U.De8~' a!!d nOlt-U.n~ftr COIIpO!laMO of a'JC'Il oqU'lr':!C ,~re work~4 

out oed the ~Bta wt'r6 IlI."".:>nted in tbr: !nble 65. '11th l'fIC:!1'Il 

to "10 ... CIHPODete Uke IoU. ""_ W\lli'bt and total ::m the 

liartu CC!IIIPHoate bad thO _jor ahwc of ~ thlll 99%. Photo-

831IthGel.a and atD8le lee! sise 8OCJ<XJltted t~ 15.3 aDd 65.27Ii 
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reapeoUftl,. III 'be oa .. ot yl81d aDd 1ield OOIIpOD8IIt .. 

the l1Dear OOlIpOJI'" OCD1I"llMaU ..... aolV 1D BI"IU 1iald 

(98':'&), DUiIbe1' 01 pod. per plant (99%)' DUllbOl' of brGneh .. 

(91 ) ttl. tbe 0'11 III' 1leld OOIIpeDGDb atlOh .. '~u 

161 

veight (41.6~~>' 11_" of •• .,.. per pod (42.9 ) and HI (30.~~). 

:.bell'" W~ V" ... ;::~.t1QQ8 1u lmotouyntheaiu aD)'B 

v,~':i.et:ur. an" "<Awn.. Tat! IIiOWl pbo1lC.ls,,'lIweUc l.'o'tUe vere 

14.6';1, 2;.1.03 aQl.l 20.ft} tor .ltt Dz aDd ~ Ww1D~ reapooU' ... l1. 

:l'h" wereU llII8D 111&8 :.:oufld 1;0 be 22,;16. ~ oult1T8r, CIllO 5 

Z'ecc»:-tied 0 hi{jl.{<r vulu .. tban 1be genoral meaD plUG 2 8.8. 

(Tuble 66J Fig.2). "U tbe oalu'vars recorded 'b l valuuo 

"rona tIIlLt)' <neoept CJ\G 11 Wleru the tb' YGlue deYUI'hd ais-

111floaDtl, tJ:om onEl. 'l'be ,1"'(,.2. ",aluee tor aU the vnriaU •• 

WfIl'(! to lJJIi 110 'be around aezoo. 

LN.l.f ;\l'O8 Indu (I.l!) 

1'h3 mean :r...:.! qver 03:'.OOD!l ~J~l!'1 14.2;'1, 2.74 emil 1.35 

tar n,. ;)2 end ~ e.-1Dss ;respeetift4'. 1'!lc O'f'~_"Jn :'a')an LAI 

wes 6.11. 1'ha lOll(; durcrU,OlI V"d~ isti'J8 .:OftG 11, l""':; j61/1 a. 
51 1 raoordfid h16hl.ll' lA:t t!lCi ue~D pluo 2 a.l. (~bL 5'7. 

Fig.;}). All the cult1v::..::o 1"Ocorded '0' Val.uoil ~uolZld _it, 
neept PI.:; }61/1 aDd SA 1, 4n'iahd .~1f1oantly from ODe. 

1'he seal ftlae8 :tbr all .0 ferieUss were 8J'OIUId lIIa_. 

Heft ... 111 ..... m ptIr~ee O'9'ttJ:' $bB .;JA84ID. 

Y8r1e4 vUu1,v. Tha _aD ot .. "i1~' <t; •• -I) weX'J !XJ2.I35. 
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tabl. t6. stabUU1 ~. 101' )libOto."nbltUo I'IIto at 50" flOWU'tac 
(lIS o~ ... -I._-') 

seaSOD. :c- .... 
TII:I'1ev ::_ I II UI Kearl oollffi-

.teat (s""") (b) 

co 5 26.3 2::.8 21.6 23.' 1.12 0 •• 9 

COBS , 28.6 ~.4 22.3 25.4 1.54 -0 •• 
ms 120 2'.0 22.8 19.8 21.9 0.83 -0.4' 
CORG 11 25.9 2:5.7 :!D.1 2,.2 1.45* -1.19 

PLS 361/1 21.8 21.6 19.7 21.0 0.54 -0.93 
SA1 22., 21.9 20.' 21.5 0.51 -1.09 
Heart 24.65 2;;.03 :!D.S, 22.76 1.00 

BE 1.28 1.", 0.351 0.634 0.254 

llIlble 67. stabU1v anal.y." _ loU at 50% fl_el'1l'l1 

saaOODII ::ra:- Maaa 
Variev IlIqIJilI'O 

I II In ooef:f1 .. de'rSaUOD 
clod U", .. ') 
(b) 

005 '.52 1.16 0.56 1.15 0.22 -0." 
CClR(} 5 ,.12 1.46 0.46 1.e 0.18 0.089 

tlPAS 120 1 •• 5 0.53 0.'2 0.76 0.084 -0." 

OORa 11 22.60 4.46 2.15 9.74 1.58 -0.19 

PLS 361/1 27.50 4.34 2.08 11.,1 1.99* -0.067 

SA1 27.20 4.47 2.5' 11.40 1.93* 0._ ... '4.1, 2.14 '.35 6.11 1.00 

S3 0."5 0.0B!I 0.0:58 0.254 0.0" 



FIG.2 01 FFERENTIAL RESPONSIVENESS OF PIGEONPE 
CULTIVARS - PHOTOSYNTHETIC RATE 
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FIG.3 DIFFERENTIAL RESPONSIVENESS' OF PEGEONPEA 

CULTIVARS :- LEAF AREA INDEX 
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88.48 qd 25.03 t~ D1 ' ~ aDd n, .ov111i8 rupeoU"el,. !'he 

l)T4I!'all .ean was 3:58.79. i'he long dUJ'BUon olll:U'yartl 1 •••• 

CORG 11, PLS 361/1 aDd SA 1 J'Soorded higtler nlllee .~. 

tban the IIIBn plue 2 8 ••• (Table 68, Fig.4). !he 'b' nlaee 

dev1ated s1p1t1oan~ fro_ ODe exoept 00 5. !he <3a2 YIllaee 

were fOIlDd to be around sero. 

Leaf-stem Ratio 

The meaD leat-atelll ratio oyer seasODS were 0.262. 

0.456, and 0.546 t~ n" Dz and 13 BOwings l'eapeeUvely with 

the oYeraII lIIean ot 0.420. The lea.f-etm ratioo of shOr't 

duration cultivara CO 5, CORG 5 and UPAS 120 exoeeded the 

mean plue 2 8.e. (Table 69, Fig.5). The 'b' values vere touDd 

to be around Illlity for all the varieties. The 2-d2 values 

foaM for all the culUTars s1gnU1cant1y dmatsd f1"OIl .. ro 

except UPAS 120. 

Ind1vidual leaf Area (ILA) 

The 11138n !LA Talues 15.81, 12.00 and 9.5 tor n" 
Dz aDd D3 l'aspeoUvely with the <wereU mean of 12.45. !hi 

oult1var PLS 361/1 recorded higher value 1IIOl'e 1hall the 

general !lien plus 2 s.e. (1'able 70, Fig.6). 'l'he 'b' YIllae. 

were aroUDd un1V seep'!; PLS 361/1. Here alao, S-d2 values 

vere arouDd aero tor all tile oul1;1varlll except CORG 11 vb10h 

deviated slgft1floan"17 troll aero. 



16~ 
1'abla 18. stabWt, a_l.raU fW It •••• Scbt at bllrWelt .. ~ c..a-l: 

Varie_ S...,. aape- Ilea. 
•• 1011 qllllH 

I II III ... ooeft1- anSa-
claat tie 
(b) (~a2) 

005 38.07 11.0 5.2 18.09 0.036 -21,.)'7 

OORG 5 50.81 12.8 6.0 2,.20 0.049- -212.86 

UPAS 120 20.95 4.9 2.9 9.58 0.020· -219.39 

OORa 11 1695.00 1 ;l8.4 41.8 625.07 1.89- 61.28 

PLS ;,61/1 1752.50 1\)0.0 31.4 659.'i7 1.94- 219.66 

SA1 1859.80 173.8 56.9 696.B3 2.06- -11Jo19 

Meaa 902.85 00.48 ISm 338.19 1.00 

SE 25.16 4.30 1.24 a.s6 0.017 

:nabla 69. StabUU, aaal,vai. _ leJt!/atell zoet1o at llIlrt'ed Ift"a 

soosgy RQtp:e- Mean 
Var1et7 .. --- .. -- sss.c. n:: I II III I'..sQD coaUs.-

.. em UOII 
(b) (tra2) 

00 , 0 .. 45 0.79 0.1' 0.66 1.09 0.014-

CORI5 0." 0.75 0.'1 0.55 1.03 0.04'-
UPAS 120 0.46 0.65 0.79 0.64 1.,., 1.49 

C<BG 11 0.11 0.11 0.40 0.23 0.91 0.012-

PLS ,61/1 0.11 0.1;3 0.41 0.24 0.96 9.65 

1A1 0.11 O.1S 0.38 0.22 0.85 7.94" .... 0.262 0.456 0.'46 0.42 1.00 

BE 0.029 O.CX20 0.1'7 0.01, 0.591 
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Tablo 10. stabUl_ anal..7l1l. t. lIadiYi4ull1 lea! area ( ...... 1..r1) 

'farie_ S .. 8OII RCro:- ... 
ee OD aq.n 

I II In l'Iean coettl- 4..na-
c1ellt Uao 

(b) (rra2 ) 
00 S 12.3 lu.S 1.7 10.17 0.71 0.030 

oaRO 5 ".6 'fo.6 8.1 11.6, 1.11 -0.118 

UPAS 120 15.0 9.1 6.9 10.33 , .~1 o.~ 

C'JRG 11 14.4 15.6 11.0 13.67 0.47 6.37 
P'LS 361/1 20.5 13.9 10.,5 14.9'1 1.59- -0.42 

SA 1 17.1 12.3 12.3 1'>.90 0.80 1.74 

Nasn 15.81 1?.O 9.52 12.45 1.00 

S~;: 0.001 0.762 0.605 0.451 0.3(1.; 
.. "~,"".,,"---->-.--

l'ablo 71. :tlbil1V analy::is tv TDMA (slm-2) 

~easoD !'taro:- MeaD 
Vorl\l1;J .... _---------- BII 011 square 

I II ~1I MuaD ooetti- dnia-

110nt UOI'I 
b) (S-42 

005 132.6 73.6 46.00 84.0'1 0.06, -1846.91 

OORa5 149.8 85.9 50.80 95.50 0.071 .1G82.45 

UP!S 1to 88.4 57.2 36.10 60.56 0.0" -t919.21 

OORG 11 2400.8 2<.>4.0 142.61 942.41 1.85·· - 765.66 

PLS ~1/1 2548.1 ,",0.0 116.14 1001." 1.97- -1890.17 

SA1 2615.1 }40.2 16'7.10 1048.80 2.00*- -1466.91 .... 1322.5 196.1 9,.1 5:58.84 1.00 

SB 16.69 16.99 6.28 26.29 0.023 



r,u_ '+ UII-t-t.Kt.NIIAL RESPONSIVENESS OF PIGEONPEA 
CULTIVARS :- STEM WEIGHT 
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FIG.5 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA 
CULTIVARS:- LEAF /STEM RATIO 
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FIG.6 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA 
CUL TlVARS - INDIVIDUAL LEAF AREA 
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!hi II-a total tMl VIU'lod w1de1,r "'118 cu1U.~ 

aDd saaeona. ~be lIlellD oyer seo80D. wezoe '322.5, 196.8 8. 
9,.1 111 l' Dt and ~ lIOIf""a I"OlIPeotl.,.,.,. 2hc overall ... 

VIl8 538.84. All the long 4QZ'oticm oulU'9'Qro rllOOlrded 

(Table 'n. 11«.7) h1!;bG%' Tal .. 1han the SVIIQral _8. pl .. 2 a.e. 

ThO 'b' T8 ;.oe. for au the dlOrt dQZ'atiOD oulUftra vere arouad 

.. lU. He1'tl too. <:-42 Talues Wil1'tl found to be aroDDd "1'0. 

'l1le IIIJGIl aomber ot laronobu per plaat va" ,6.05, 

10.2 1ln4 7.08 tor I~. u2 and .0, aow1Jtg8 reapee'tlftl1 vl't1l 'tIlo 

on~ meall ot 11.12. :_U the 10all dUMina eultt'rnl'8 

axeeedec! tho me8ft plo. 2 •••• ('.table 72, Fig.a). The fb' 

.,.lue. VC1'tl aroaftd UDlty G:II'.Ot'Jpt PLS 361/1. The 1'a2 Taloe. 

v~re lU"Ooa4 sero tor aU the QU1UTBrs ('2IOe" (J) 5. OORG 5 

and ::lORG 11. 

Tho millibar of pod. per plant also T91'iGd IlIIOIII 

oul tiTaro aDd .,.,iftgs. The _all .... toe 8 VOl'8 SS'7."', ;01.48 

IID4 184.51 t. 11. Da and n, aowiDp reapGoti1'l'll,r viilb th. 

Cl'l'e1'8l1 _aa «f "1.18. the loug dlU'OUoa oIJlUTDl'8 CORG 1f. 

PLS 36'/t aDd SA 1 l"Oooried bieber TaluO. t!l8D tbe paQGl 

_811 pl .. 2 •••• (~b1e 73. 1l'ig.9). AU tile oaUl .. " 

zoeouded 'b' .,.lae 8llP1Uieantl,y 'nUt1ag boa ODe UlPpt 

00 5 aa4 OORG 5. fbi S·.2 ..too. waa arouad aao tor aU 'th • 

• al.U ....... 



it) I 

!!!able '12. StabUi_ &M1Je1a ,. 50. of bzoallOhea/p1.8Dt 

Seasone Rey:- .... D 
vanev ------ lIS OD lM!u_" 

I II 
00.11'1- dma-

III KearI olODt Uaa 
(b) (S-«2) 

00 , 9.6 8.5 5., 1.e 0.44 1.74*· 
CGRG , 10.4 C.3 5.2 "'.9 0.55 0.94-

UPA.:; 120 8.9 6.3 4.1 6.4 0.52 0.06, 

ornG 11 20.9 11.0 9.1 '3.1 t." '.16" 
PLS :561/1 21.2 1;,.6 9.2 14.7 1.33· -0.086 

Sf, 1 25.3 13.7 9.(1 16.2 1.76 1.19 

Heau 16.00 10.23 1.08 11.12 1.00 

~;,:'; 0.414 0.184 0.256 0.109 0.176 

---
Table 73. :~ablliv ane17d. to!: No. «t poda/pl8ftt 

Stla80aa Ref:- Hear! 

Variety 88 em equare 
eoetti- d'3Via.. I n III l4eaD c1tmt tlan 
(0) (5-d2 ) 

CO 5 HO.2 187.2 128.8 178.7 0.21 414.14 

cotto 5 241.2 195.6 142.5 19,.1 0.23 151.05 

UPAS '20 110.8 116.7 95.0 127.5 0.19- -225.13 

cORG 11 902.2 409.2 266.4 525.9 1.60- 815.31 

PLS 361/1 944.2 412.S 195 .4 517.5 1.86** -225.19 

SAt 1045.6 487.4 279.0 604.0 1.91- .. 98.56 ..... 587.'" 301.46 184.51 "'1.18 t.oo 

Si 12.!IO 22.50 4.23 8.66 0.066 

----' 
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FIG.8 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA 
CULTIVARS:- NUMBER OF BRANCHES 
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FIG_~9 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA 
CULTIVARS :-NUMBER OF PODS PER PLANT 
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lhe lIQaD ullllbar ot suds per ;pod O"ft.\" ~e .eaaea8 

were 2.77, 3.23 and 2.94 fc»: 4' ~ and n, ~8peoti .. d.l "Uta 

tus 0VUClU ra:l8a of 2.98. ill" eulUyar P1.3 361/t r~de4 

hiohar nlae llll.)J.'G 'than 'tbe ganeral oea., pla :2 lI.e. (Table 74. 

FiB.tO). 1'he 'be Vlluea to:t aU 'he oultlYare wera toullCl 

to be a1'QQ~ U111ty. 1.'h<l "'-42 valuee tor aU 1he oulU9'Qra 

were 3rOQlICl aero 8l1'11U':pt UPAS 120 and PL3 361/1. 

!he lIlOatI 1000-.,.4 "eiabt (/!far .nllOna were 74.11. 

18.82 uri! 74.92 for :)" Dz atld no, 1IOW1Dga ro.:peoU1'8l1. The 

O'9'VraU mean '"aa 75.91. !:he abOrt duoUon oult1-.ar 0000 5. 

And long duraUoo olllti1'l1rlJ CORQ- 11 and ?LS 361/1 raoorie4 

h1~er Talae thaD the geOGral oaaD p1.U8 2 8.e. (Table '15, 

ltg.11 ). Hare too, 'b' "laee 1IIIiIrll found 111) be around .. 1t1. 

'.:he 3-(12 values arouDd zero tor all the oulU'ft1' e:mapt 

00 5 aDd CCltO 11 ¥hiGh could devSAlte .1pit1oant11 bOa ...... 

!'be lIlaan hOl¥est indu oYer S08SOD8 vas 20.3, %1.1 

aDll 26.5 tor =1' f'l Il:ld r" aowlnQIIII re~t1ye17 wlth tbe 

0'1'3 all _all 0: 24.8. !he long dlU'OUOIl oa1\IT31' nOill'd_ 

hi&tler YSll2ee than the BElJ'li)ral .aD pl_ 2 •••• (Table 76. 

ns.12). Hore alao. 'b' valo;). ware aroaJld 11D1tl for aU 1ibe 

1'8rleUea. fbe ~42 vallle8 were fOODd to be se __ OORG , 

u4 Sol , -17. The others vue dsnaUq 81pUs.e.a'lJ 1fta 

8111'0. 



Ib;! 
~'bl.. 74. ftabU1V 1Iba~a1. fa Bo. of ...a/po4 

eBaaoD. ___ . u_:c:- .... 
Varlet, 

.8ni- n,o:! 
I II III *- 81em u. 

(b) (fit'- ) 

CO 5 2.69 3.10 2.86 2.98 0.89 -0.016 

CCllG 5 2.71 2.93 2.91 2.85 0.44 -6.94 
tJPJS 120 2.31 ,.Hi ,.IX> 2.02 1.7' 0.072· 

CORG 11 2.91 ,.23 2.90 2.98 0.94 -0.013 

PLS -,61/1 ,.00 3.56 2.85 3.14 1.35 0.010* 

SA t 3.12 '.40 '.Hi '.23 0.64 -o.ot, 
HeaD 2.71 ,.23 2.94 2.98 1.00 

s_~ 0.134 0.139 o.Ogg 0.073 0.545 

--------- ~----.--

Tabl<?7). 8t::.'!lU1V analy.i. tor 1000 gI'IliD "'1#1\ (8) 

:;eaSOD. Re(p!1l- MeaD 
varhtj> laiOl'l If),wtre --------------- ooefll- 4ma-1 II III I·toan dent tiOll 

(b) (21-42 ) 

co 5 ?S.28 18.20 14.60 11.03 0.28 7."-
CORG 5 70.95 81.,11 17.20 18.58 1.05 -0.31 

Ul>AS 120 54.25 OO.urJ 56.4( 57.0'3 1.29 0.13 

CO!lt} 11 '13.34 83.20 80.20 '1S.~1 1.11 14.86 ... • 

PLE 361/1 80.33 86.30 81.'" 82.04 1.~ -0.49 

SA 1 81.48 82.40 79.00 81.23 0.35 1.48 .... 14.11 ?B.?2 74.'12 75.91 1.00 

SE 0.$29 O.G39 0.898 0.401 0.598 



1 i( 
i'lble 76. stabU1V aDll1JII1. fOZ' Barn" lJ.a4az 

Varle" S'3a9OB. ltec:- .MII -...-------- SCI OIl "dI'G 
I n In IIIeaD ooeftl- , .... s.a-

81 .. t tl_ 
(b) (8""42 ) 

CO 5 31.0 39.0 29.0 ".0 0.61 42.136** 

CORG 5 ;U.9 35.0 ,2.9 3'.3 0.33 0.2' 
uPAS 120 37.8 43.0 27.8 36.2 -G.0ti9 117.92*· 

c(JtG 11 6.7 17.0 25.1 16.3 1.91 52.66*· 

pm 361/1 7.0 1~.O 22.10 14.7 1.5:5 39.75·· 

SA 1 7.14 17.0 22.20 15.4 1.~ 24.18 

Meatl 20.3 27.7 26.5 24.8 1.00 

~'lE 0.923 1.535 0.197 0.654 1.221 
--". 

i"able 17. stabUit3' aaall'au tor Qra1l:l yhld 
__ u ___ "'. _____ · 

~,Ca:)0!18 negre- Koan 

variety --.--.---- salon square 
cosHl- lin ..... 

I II III Meara c1aa1 Uaa 
(b) ( ~c12) 

-~"- ..... ,. .. --
CO 5 41.2 2u.9 13.4 27.6 0.29 52.29* 

(HnG 5 47.9 ;50.6 16.7 3'.7 0.33 28.17· 

UPAS 120 ".6 24.8 10.1 22.8 0.23 53.44· 

ccma 11 160.6 49.6 35.9 82.0 1.49 73.06-

PLS 361/1 185.4 50.4 25.8 87.2 1.89* 28.41. 

SAt 186.1 59.1 '37.2 94.3 1.77· 35."· 
MeaD 109.2 40.57 2,.15 51.6, 1.00 

s: 4.02 0..265 1.15 1.39 0."0 
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F1G.10 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA 

CUL TlVARS:- NUMBER OF SEEDS PER POD 

I· S 

I·t. 

1·2 

1· 0 

0·6 

"" 
UPAS 120 ~: 

-~----~-

CORG , • 

• 
• CO S 

PLS 361;' 
, . 

• SA 1 

~ _____________ ~~CORG~S~ __ ~ ______ ~ 

o L,..;~2L.0-_----2_j_.5:--------~3.':-0---'--------3 
NUMBER OF SEEDS PER PoD 



FIG.11 DIFFERENTIAL RESPONSIVENESS OF P\GEONPEA -

CUlTIVARS :-1000-GRAIN WEIGHT 
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FIG.13 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA 

CULTIVARS:- GRAIN YIELD 
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'Xhe IIIfJi1ft 81'&111 yield OYU I!Hlaoan. _8 109.2, 40.51 

and 23.1' g.pllllDt-t for l' Dz and n, ~.peoil.e11 'W1th the 

oyerall 1lI':!8n yalue of 57.63. Here alao, au tbo loDg duaUolt 

oul tt'O'S!"o r ~'<to.t'd.d hig!):lr yall.1e ti1:lD the 8I!'QlId .caa plus 2 s.e. 

(TaUe 77. ,?1(~.13,. ~c 'b' VQlu,~s ",ore toonc'l to b'l aroull4 

UIIUy e2CQpt ::>1: 361/1 al'X'l SA 1. Ttl", ~(j2 nlul's 4..,lat84 

o4.'121!1oantly f1'01I !'lao fOr oU tbe (ll21tinr. 



DISCUSSION 



P16eoDpea is aD 1aponant pal .. CI'Op !IIiI'O'ID -1n11 
Ilftdu l'8111104 con41UO!I8 1.8 !l8IlU Dada as well a. otber parte 

of the oouDt.ry. It 18 OM of 'the lIIIrIdate orope f_ IaRISA'r. 

RJduablild. At rzoeaent. the In'''re8t and t.'1e focu8 oa tili. 

o.rop is _iDly oentre Broad ita prodootiv1V. The ollft'ent 

prodacttvlt, tnnlla are 675 kg •• -' for all India ¥bU. 

pro4I1SUv1t, tlI ':arnU Ha[lu is 591 Itg.bIt-1 anI,.. !rile area 

onere4 bJ th18 01"0p 18 abOut 18,340 'I;Ia la 'l'BIlU 1l1ilu. Tbe 

aU lodta pJ.'OducUon is 1,919.000 tGllDe. whUe arM le 

2.84'.500 bat !he IddIlOU_ 11s 1'a1ll11 lIldu 113 about 46,290 

toft., .. wb20h oo.Utat. 2S per cent o! tho 'llttal pUl8e prodao­

tloa wh10h Sa Dearly 1.88 lall:h8 toms.a. 

!be o.rop i8 weU lmcMl t01" ,IB1d n:d.atioDS when 

Sl"'VI! l.1Dder 4Ufe.rant 1il86S011a and agl!OclJmatic dtuaUoaa. 

It, being a qllantitat1nl; pbotoeeDe1Uve. can be rained at 

<lute-ent d'OPPiD& sa_sons. Bat the yield wiU be vary1rlg 

4ependla, UpOD the sendDI datea. .Tune sowing gives high .. 

1tdd 'Wher.,.. se;_,tember tlow11sga Jisld 1e80. This yleU! 

l'8i1llctioa caD be parG., _de liP b7 iDcreaalng the deostty of 

the plant popalattoa. In .F'e_.~ eowmgs, the yield ... 

ImcMl '" be ooaparatlvel:r hlib. It ia a tac" ilat Y8r1ati.aD. 

1D the ,lel4 1D tbis .. p .. 118Sal,y IIIOIIUord bJ • .,.. 1D 

tile watha ~" ... 'rh1a appe .. 11:) be tbe _ill ..... 

t_ (tUfa •••• 1D _pxo4tloUntl !D 41U ... t pi fte at the 



eOImVl. Bat DO tilt_aU. 18 ayaU.ble a.at UII 

OOlIP .... DU of the nrloua "eather ~ __ hJ:s _d .all' 

4u-act and ~a 1Ddlreet Sapact Of the phUOVp1c ohllJ:actfta, 

"Mob 'W81"e the output 9lq1rusios of tl» alh.ract pbyaio­

log1eal _ebb_e. 
Tbe nee<1 for stltt\Y1I'lg tho ebercea pbeaotyPio 

obl'1'scten and the altered plJ.ylll101ogtoal _chaniSltil is felt, 

boonuae tor any orop imprO'l'91ll!tnt proC1'mllle, t1!o PNdUCUOD 

eonatwalnh b.ave to bJ 1datYtUlsd betDrc "" take up 

neca,11ilU'1 maastU'oa to aod1!7 thell tor 1IIll'rcwed pl"Odaet1Y1V. 

ID add! tioD, tbe stabUity of tb(lSl cheractter8 1D J!'!!lat1Oft 

to weath<lt' parametera wioh illtlur:neo them bid nl1t been 

at~i.Gd I!IO fa:!:. tn the CQft'8nt 3ttll!,y. an att_pt 10 _de 

to undaratand thlo 1ntarrslatlonahlp. eo tlilt. furthat' 

laIOW19Clp can be gl'l1ned 011 "be pb;ya1ol.o,:;1cal. oonatre1l!_ 

rda U.ng to yield variations 1D cUt.ter"!r.t saa.OrNI. It_. 

eOft8i4ore4 thlDt thie lmOlfl.edge 001114 be .uooeoe!allI ut1lJ.8ed tDz: 

plarJnlDg the tut .... strategy to arfPulue oar research dton. 

to llm'8V'el tha pbya1010gloal. and g;metleal baau of nriaU.8 

80 t lat lmprtJll'eII8l'1l lit the pe1'f __ e Of thla OllOP OIUI be 

expedited. 

l,bsaolOg1g!l. 9'1Io1RJl9l!!.l1 

5.'bIJ Dwabar of day. to 50 ~r oent flowarias ard 

ba%'Yeat "ere proB"8s1"~ wd,.ed bom 11 w D, 1:rre.PfllOtin 

of the du:raticm 01 t'Us 0 Q'l. $81'0. A I&"oooalDan t lD!::1:8" 



4J'8VD bra. tbie Ven1 vas ibat tbl ...... lWSaa pJa .. 

"_lIMa IIIMIltved b; the Oill'Jlge. 111 the wErthel.' pazoa_tv 

10 both ""pea ot oulU'nril. The reduet:l.oll 1JI the d_aU aD 

of tbe GJ!Op va. 1IIl111la due 110 tli. I'edUG1:loa 10 the .,. .. taU •• 

pha"e. Siail ... oblMJ'ftIUOII Oil the redllDtiol'l ot ".a-tatl .... 

pbaee ill p1geoDP~ WOII also .reported '" -111 authQZ'8 

1",' 
i't 

(.A~. 1915, Gowda &ad hul, 1982, ~ial.l1s 11 !!o.,1915 , '980). 

SIIOh -1IP8 111 "egetaU •• phaee vall 111811113 attributed 

to shOne phOlIOpe:dode aid temparetu" effect.. The palo 

fUl1qJ pba.e r .. ailllQs l1i11Dt1ue ... 4 bad Dot be .. ldeatU1ed 

b1 the abore author •• Ooo1v t_peretu:re 8Dd iD0J.'6a.e4 4. 
1e~ lll"8Y&111Jlg dUZ'1Dg Dz am :0, aow1Dga eallfled J.'t4llOU. 

111 nptut1ft pbase II:ld th_ 1"84uud n. aJ!Op d_atlcm. Thi. 

is 1JI (\'Cad agzoe_eDt with the tiDdiD" ot ':alU .. !1 s.. (1984) 

wIlo J.'eported tbllt ahorier 4e,y length and aooIv 0111111te 

accelerated earl18r flGweZ'llta iD P1aeonpea. 

w" th resard to the i.Dflue lIOe of 4111 leDg1b OIl tbe 

flowerlDg bohariOlU.', II hiSh. pees. UTe aDd 81sD1tloant OOft'ola .. 

tiell (1' • 0.9969-) was obtaiDe4 between ellllDlat:lft day leagth 

and days to 50 pilr Geot tlowe"lDg. -'adLer flowerlas wa. 

favoured by lower OIIulat iT. day l.agth. ibla kbd of ea:rU. 

flowe iDs was "Un'8d 11181111y by aaUbg dow the .,eptatlft 

IJ.'GIfth ill ~ aal :0, aov1DSa. The" rl.l8111 ta "8 in cont1al"" 

witb the f1Dd1Dp of Balll81'tGD <'916). 



-ag the ,11: .. sow1llgs, the root leg'lb aDC1 .en 
welsht appe!l1"ed 110 be high durlltg til! 11 aow1nsa. \;h8JI .. 

ooepllHt'l the loDg -l'1l'i abort 4uatiCID oal Ut-arB, it .ppo .... 

that ahan daraUCID clal:U'Yara were 13*11>it1llg lowe l8JIgth aDd 

weight 88 00.1"1 .. 1 to loq 4araUoa oult1'YBl.'a. 1he dUfU'l'llNle 

1ft tbe -CCQlIIlla Uaa of 41"7 .. Uer appeared 110 be h1lb betw ... 

theae .. Vpe.. 'l"he abort dunt1ClD oult1'Ys1'8 Mel 1le0lallat" 

Dear1,- 0.874 g. of dry weight per lIIlit lelllth of zoot <.). 
while lODe dQratlO1l cultl'Yan _a,erad 4.92 s. 01 41"7 wel4#lt 
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per !!!lit l.enrth of root. A_g the _ee lIOW1D£8, D1 _ald eow 
T.54 g per anlt leagth of IDot V111e ~ and D:5 :reoorded 2.06 

ana 0.932 I! pc arlit lOot 1eagtb :reareettnl.y. TIl ... tecta 

very dearly pciDted out that loas duration odltl'Yars and the 

11 eov1age wen able to aoeumalate aare 41"7 lIatter which 

lDdtoated a a.taiDed 1'00' 8J."OW'h b1 the cUlti'f'8n all1 the 

eawl_a. 1'biB ocald 'be ODO allOIll the "1 1"oaeon for h~. 

produeU'Yltl 1D 'Ile long duration OU1Uyura and also 1D the D, 

eew1 .... 'bolDS tbe hiP pl.'OdllCtiY1tl aeasou. The hl'_u1l' aDd 

loqe1" acUvitJ fIf 1'00t8 in 'thee ... 81t.UOIIe mIIIV be related 

to OTtot1D1D aotlY1'a.r whiGh "1alJ' 4ecJ4e. the slat sireftBth 

(JU.ehael IUld Ile1"1IIpr, 1980). 

Ioeat ... denlOJ1Mllt 

oaap.,1q the alIDrt -l'1l'i 10111; dare tiOD tiPs .. the 1 '3af 

..... d8Y81.,.1It ... ph ..... aal,r high la the lOag 41JN" .. 



oaltw.n. Jilearl,p 10 told 1JIoNaee _. ub1b1te4 b¥ ttl., lat. 

t)'pGlJ. SfJIU .... lJP lMtweeD D, ana ~. ibqoe waG 9 told u-eae. 

iD -n, oyer n, IIOW1QgS. 1'be dUfve.ea wee 1.1Id to be 

s1gnlftoaat at all l.Ilve1e. ~e1m.,t ooa!lacte4 at ICRISAT 

Hydeablld al.o ""aled _t lat. pl.-tillS "yODd J..,....,Ul,J 

.1pUtoaatl,p redacted the ..... t8t1.,.. gI.'OWtb pertioalaJl, the 

leat a..- dtrnl.OJIMftt (ADOD •• 19'78). !)~ 01 the OMlpoaanll 

of leat ar .. lDd1oatod tbat tile leaf Dumber betwell2 tle •• two 

vpea va. alao widely 41ft erial. RearlJ' fold deel'9aa .... 

DOtied. 1ft 1110 abort dQl"8Uoa (IIllt1'Y1U't1. AIIOl'.8 the aowiDs 

d.te8, tbe D1 _. le&diDI bJ 6 told increase .a compared to n,. 
Be""eea the two "ypeB ot culU .... ars tbo 11.,\ _e lArpr 1ft loDI 

dlU'8tiOl'J culU......."... Btlt tbe dittCJ.'UIIDe was DOt comDOingly 

wide. Between tho aow1Dg dUe., tl:al'e _0. ditteronee cd 

6., .2 111 lI.oA hetwe., .D, IlD4 .n, .. 
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Batwe~a Dt sod n, 80!liagS. leaf area "4uotloll .... 

01117 " per oom "hUe leaf lunbar redl.lOUm v. lD ttle ort_ 

ot 525 per oent. HeJlOe itle ~or detlU'!lS.DflDt of 1:)81 area 

babeea n, ard n, lIIowinga appJOred 1D be 1be In:! nUllber. !he 

role of !LA was oDlJr 8oooDdarl. lktwceD two Wo8 of calU.,er., 

bOJl,'e8galD. leaf nUllbal' oorl't1"lbutec1 towards 'VtIriatiol!l in leaf 

__ sa wb1eh _s 514 par cent wblla .s.se ooftt1tib1lUCID was only 

18 pel' OeD". It 'IIQG the leaf nlllibel' (at 1!1e calUftr len1) .at a .. S4ed the leat ...... ptr plant. ::.1118 11 1D e10ee 

~_1t7 "itll the t111d1 ... of S1Dgh 11 .... (t9'T7), vJID .,. .. 



reponed tbat the leaf ElllI'Ilbcr wae the main det(lrm1laDt of 

lea! area per plaat raUle tIllItI tbe ln4b1.dual. leaf aSae. 

!'hiS hal' been fUrther coDtlftll! b1 oorre1aUCJtI atIl41 •• at 

'0 per oent tlower1nc whlob had ahawrl a hiP pOIIutr. IID4 

e13!lSfioan t 1'GlaUollshlp of leaf area to ibe leaf a_be 

(1' • 0.98'18**) ratber tbaD to the !LA (1'.0.7918**). 

The rate at leaf prWllIttioD el.so Jbllowed the sl.11ar t1'ea'l 

DOtSced 112 the leat nU£lbor. ~ leat waight also :tolloweCl 

the Ven! noticed in the lea! area developm~t. 1!la WQiB~ 

aleo apllOared to be lDO!litCll"ed by tbe ].eaf ftu::lber 1"Ilthar thaa 

the IU. 

Plant height 
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!!'be height of tbe plaJIt _. 81gnSfloanU1 1Dflaeaea4 

b, the tlt*lDg datea and it was lIIQ1'e in tbe 11 8OWiIlge •• 

COIIIJIlred to n,. SioUar fin41De w. reported b1 R01ahar_ !l u.. 
(19ao) who recorda!! 2.85 m of p1.,t heldtt in June SN! Gr.'OP 

as compared to 1.0'7 0 lEI sept lilbc;r sow e1'O!". I" the ~lIIeDt 

.tuey, the short dnr!ltion oul tiv:::re sp:pearc to be l!tIari:er 

so oollpared to long duration culUvars. 

LOok1Dg to the data relating to tbe nl1lber at 

brIiInehee and ate. weicht. it oou14 be eatGly omclllia4 1Mt 

shOrt dQl'BtJ.all oult1vars were bartD6 near17 50 pBr "eat 1.11. 

o! "DOhae 8' coaplU'ed to lOllS dUl!'ilUCID type.. The loDe 



4aeUoa OultlVUN hIld 24 fold. of at .. wiBbt •• o~e4 te 

8hOI"t 4ue'Uaa oulU'rOra. Bnweell --Sass, tbe ltIDbel' at 

br_ohl. mowed 2 told ll1C1J.·eaa. 1D tbe », 1D .1Ip""" W 

:n, Whe ..... the ve1gbt ot at .. lIhaw.4 " foU iDol'll ••• 1D :n, 
.a aSllIil'Jllt n,. !!.'he clUfenl8e. vue fe_a • lie s1gDU .... at 

at 811 levels. H •• Hlnoll (1976) 11180 obae1"f'8d .ore _ba' at 

braDCb .. per plan" 1D Ap1'll aowlDg .a CD~ to Septembel' 

II01fD OI!Op. 

Th<:J L/~ r:1tio l1id ilJlloQted '!bat the abort dUl'Qtl0J2 

cu1 tiY81'S wel'O IIlOZ'O eUio1cnt 1u the leaf wa1gbt iDClrease pel' 

aDit Of stom w2ght aa OOlllpSrlld to lObg dU1'ati.OD OI2Uivars. 

SSmilar13. the n, sow1l'Jea Ilpptl3red to b~ lllQrEl eOllgaJ:Iial far 

e1f1c1cnlt lsat ;.rou®t1on. 

17S 

AD expected. the veight of the! p:L'OduotiYQ ~rto was 

hiah 1.n the loDS Juration oq).ttv~. Nu3rly 2 fold increase 

lI11ght be o'bBerYed in long J .... ation cu1 U y,xce as OOlllpQl'ad to 

abort diU'ilUOD OulUVllrB, v;leraas b,twc()D 4 aDd ~ aow1nSS, the 

411C1'dOa6 was IISO'J!'C tb8IC :; fold in .n, wll10h ap1D 1nd1reotl1 

1aflUolDCGd tbe r~tlCUft etraotia'es fovoarabls botil in n, 
aDd at. ill 10118 durot1.:;ll olllttvar. tor hi{ibeJ.' 8t.sld. 

!!.'be total dt7 aatt.::l' 8OOUlIIQlatioll was sllDUioSfttl,y 

eftaotat b7 date; of iiIO'W1rII liIad 1t waG too _jet&' yield deteftliDaftt 



aloq with barnn 1.IIdax, whloh app98H4 to be t8t'01I2'Bb1..1 

diepo •• 1l ~oward. t lit lol'lg d ura110D cal tS,wra. Thla tnad w_ 
DOu •• able 111 '\be n, lIOW1nga al.n. OoIIpGrlng loftg all1 8har~ 

dlll'aUoa oalUYarB. the total d17 .doter 8OO ... 18tlaa 

la.uoea.ed aearl,y 11 1'014 In the tCll'lller. Batwcen D, aid :0,' 
the 1Dcrease wa. lI<!arly " told toward. I1. Th1s 1e 112 olose 

COftt01'1lit, wUh the :tlnd1q. of Ch_blaft !1!l.. (1982) Vbo 

recorded highe DMl In AprU-fIIJ plant1aga than that of 

rawembar-De08lllbar plant1 .. s. 1he dry we1gh1i ot the later 

plant1JalrB were aal1 • tenth ot the : .. er. III the pre.em 

study, tile h1cher 7teld 111 1I'1e long dqoot1oD OU1U'f'Bl'8 and ill 

D, sowings were _112ly aaaltozoed by the total. 41'1 .. Uer 

acoumalaUon 111 tbia O:lOp. 

!the trend In the LAI 1.IIdioated tbat In /Jeneral, the 

abort duraUoft oal U,wra W8re able _ .. lnteill lower LA I 

(0.699) OOIIpared to the long dQatloD pooup which bad hlP" 

LAI (4.606). 1'be LoU _8 aiaDUloaDt17 1Dttueftoed 'b7 eow1Jw 

dat... Be~e.D ll, am n, aow1Dg8, la tur aow1nga bad ahCMI 

lower LU .. 00llp ... 4 to 11. Here .galD. the 41fte:reDOe ..... 

":"3 ,,14e (0.950 111 :0, .a against 8.98 1ft n,). S1ll11ar fUIU_p 

"ere reponed bl Obaubaft J1!lo (1982). The, obtte"84 t:bat 

etr1tlDcl1' gI'Oater LAl ill the AprU aDc'l III.J aewtDp tbIIft that ar 



If.,.be:r .1Id DQ.be aow1D8a. 'lhe UII. tlNlId iD1eU .... 

4e'ftlopMat (LAI) 112 thU p .... .,t .tD1t7 bad ROW tbat it 

iDeJl'eaae<l apt. 50 POl" oent floweri. .. al4 .81'H1te:r a.eliDed. 

The .. OHeftIilU .... are 1a oontiftltJ with th. flJ11Ua ... ., 

!Il7O (1983). !!h. hot that bJ.,ghe:r LAI ecb.1eTe4 by th. let_ 
dun1C111 elllU"" CIIId 1a Dot _wl ... 'Were abl8 to ~lIat1tJ 

bl&be proa_t1Y1t, 111 tbe.' two .1~at1ou -11117 beeaa .. 

the LAI vb1ch :reprl:leoah4 the total ))how_3DtlleU. am ... 

ayaiUl1t18 for: orop producUylt,. !hie atJ81n 4etU'll1lte4 the 

tot81 IlMA per: plaat Ql' par lIDit llUld ana. 

lSI) 

The t"1'.l!8 iD lUR 001ll.4 iJltUoat. biBb" man 1D iIle 

81»" daretlon oulUnr ... alae iD the :n, eow1llsa. Sbel~. 

aDd X..,anCIII (1~ alao obta1n <4 a 8111Uar naUagtl iD 

plgecmpea that iDdeterll1D8'te G'f'. T 21 bad lower lIfM nllle thaI! 

the .Un dlll'aUOD elllU't'81t eY. ICP 1. l1i 18 pert1Doat to 

" .. !Iller: 1D thea. two rd. taaU •• t vbeae"r, the NMl ... 1_ 

(both 111 10118 41&'8t1on ClulUnre nd alllO 111 llt "",iDs.), hift1 

DIU had ooolll'.d pl"imarSly do. to bi6hft' LAI 80110e4 both 111 

llmg 4 ... UOD •• weU •• 111 ~ aow1Dsa. ![he hiSlu LAl 001114 

bave -»11' OINIP.utate4 the lower lUR ther.bJ' la.diDs .. hlBb" 

IlIA per _U lAad ..... 

CI'Op o.ow til Ra'lle 

COR wae hi6b iD the loDg dar8 Uoa eulUyal1l IIIId 81. 

iD r; .. age. EzparllltDt oomSaoted at IOfUsn ooatu...t tile 



a\Jove 1iDU... It _. oble"" tilet J_ .",1I1p "OOJIIIeI 

bighC' 0Gil ~h .. tbat 01 Deoetlilber IIlIW'II elOpe. !!.'he J ... " ....... 

eoiDo1de4 wUh hlfi'l 'ellPlll'8tu" 8n4 .lIar zedS$ti.OlD wbSoh 

1no .. aa ~fi1' OOR 111 Jane IOIIID cnoope ~ tMt 011 Deoeabe 

IIOIm crops (AIIOD •• 1982). tbsee t1lld1Ds. 1adioated that !lMA 

pOl" lIDit lalld W80 ma1Dl7 monitored by leaf area "tila' t,. 'b.J 

RAP. 1'ba AGll. nnd :1()R also fo1lowd the trend s1m1lar to tlAt 

o! OGR. 
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!!'be LAD ..es obaen'ed to be 1'tnI')' h14#l in loq 4urat1Ga 

oulUvara (226.05) .e CO!lp .. e4 to short duration t,ypa. (17.25). 

"iII1larly among the oowiags 11 bad rag .... eJre4 TGr3 h1ab LAD 

(565.84) in CIO!Ip_LsoD to .n, (,1.94). !:.'hU ag&1D 80 •• to P1"V'" 

the tac~ that loDG dQ%OtiQD oult1vare and the ~ • .,iaca we" 
able to abOW higher p:t'Oduoti'fity -1al..7 beeauee of h1t&bel.' 1.'.1 

ob .. 1'V'G4 113 these two eUoatioal. ThU ie 1n .,04 a~eeaerrt 

with 1be find1Dgs 01 Regde aDd sara! (1982). 

'nl. SLY va. ",uld to iDeas.. oont1naoua11 dart .. 

the on1lOcallf of the plant \lIh1oh .. e DOt DOnall1 oba~ad 113 

p4ae crope. TbII _1 tnod 01 SIM ou14 be an iDol.'eaa_ 

tI'eDc1 Itp to 50 per eeft a ... eLns.:l 1bel.'8aU8l.' it deo11Det1. 

!lt1e .. 84 obseJ:t'8d 1D thi. p&rne1Iu .lao toUowet'! ~ tI\i. 



elldlar .... 4 1II1 .. t ve1Pt. !hie 001114 _1, polat oat 

tIl.~, ... n vh.: thl a1Dk d_Dc! _. "1:3 h18b. the lm9n_." 
01 DK in tile le.t va. neUher .. 411 .. 4 .. 4eple'14. 'lb. 

_Dc! 01 SLA _. oppoeU. of !LV 81 ... til .... ~n .. the 

reolprooa1 of SLW. 

These r3t1os 10nen11., wilt dOVIl as th" .. of the 

plAIat a4vanoed. fhe IAR Velld lIIdt.oetoMl that, ~h' leat ar_ 

deorea..a ptl' .it dI'y weJant 01 pllwl t 111 aU the tUse .oviD .... 

P1adlap Of a1111l.a1' _11 VOIN report" \)1 .10 (1982) vbo 

obeQ'Y84 that 4e_~atJ8d UR tow~. lIatur1ty. The long dll:'llt1On 

cal'hue recorded lower value. tilID tho •• ah~' doratiOD 

cult1var.. !be IMR bJhand lnegul .. l,y eo record$ UIIIIl .... aDd 

a. a180 iD 41tterent BowlDS.. Z'hu ld.D:1 of trend could be 

sunieed ainc. lMlD after tlCltlaring OOlltinUOIltl producU.oa of n .. 

13eveswa8 taltin« place sitlulhDQOQSly with '!he eont1cuad bat 

dI'Op 1bJI'ouPOl.1t tbe 111. lip". 
l8l.1an leave. 

The lIagnltudc of 'IhI hUeb l ..... a a::puared to follow 

the .. ~ .. 'b'eD48 bOt1ced 112 8II!'OWth 0lIal,y...... !be loDg c1t11oaU •• 

oulUvare and n, aomftg. ta'9Dm:ed gI"('!8tCl" ehGCl41ng of 13..,.a 

the tlat of shOrt <!al'st1on o14Uft1"e and:o., aow1llga. A -3- tSn4l11p tbat could be dlaoeJl'DOd wee that tho sraat~ 

ve1gbt 01 lnys. was lost at hi! '=0 of :Unt flowGl'iaB 1a 



aU the thl"ee aawlDp. !rhe ~ tal1ea loaf weicht 0118 ...... 

in 11 18 1ft eGltfanity wUh the flDd1llp of Ho,IIb __ 111 S. 
(1980) wblt reported that the quantit, of laot faU .... 

apPI'ee1ab1, bigbel' 1zl the Jue 8CMt oroI' (6370 lla.b8-1) tban 

1ft the Sept:lIl1b"l:' aoVl'l GrOpe (2350 ks •• -'>. 
Phynl.olog1o::d al'ml),vir; 

OblaIopb,yll content 

Betweon short tIDd lotlS dlll't1t ion cultl~l'llt b1GhCI' 

oont Jut of total ohlm:opb,fll. a, b and tohl. "'1"0 DOt1otJ4 1J:I 

the latter ,,"pc ao C~l'ed to the 1_1'. !i.'he t111\~ tl'e1lC! bid 

s!loWa thttt boih the a 400 b GOO &lao t,'u total Chl~pb::ll 

OODt(lS U wel'8 propltoiS1vel1 1Dc:reaaed upto 50 p6l' cent flower1aw 

and d1ClNIilsed ~G1'eQft~r. It _8 aign1f1oaDtl1 influenoe4 bi 

tllJ lItJWing datea. 

!l'he lll\;aJl rcl)~8tanee tor COz betw·:.leD thi.). two types of 

oulU.'ars waG folUld tD be lower 1D th.a case o! loDg dQ%'QUoa 

oulU-,ars aa COIIpIlhd to IIllOr't daraUoa oulU"srs. 1'b.e D1 

.""iDg 81gr,uaoaral,J ,:.owed the least zoewtalloe ..... tile 

tb:ree dl.ft .... nt date. Of aowI.Ilg. .e l'8~m the t1IIe trtmd. 

the "Gllta .. e wao OIl the iftCNas1a6 trend as the crop 

prepe .... in lta powta. ~ pbototG'lltheUO _to per QIlU 

1_ 8l'88 W8fiJ biab i.D ~" lIbori 4t.U'1lti.Oll eutu,vare aa cOIIlp8iJ!'e4 

1D loIIC dlA'OtiOtl oalUvurs. culUftr d:l.;U.arotlOlUI 1» 'Hi 1"Ilte 



lS~ 

of pbO"'lI7Dibaal. of p18808pee 18..,. r.d al.. baea "poned 1»1 

JaDdsy i1!l. (1916). .:.vn tboUlh tbe 1ft_tal ".1MIta.e 

t,. 00a we. l_er 1D 1ba 1e1lB dLU!8Uon oulU"fIU'8 ....... D 

tOI' low :Pbo-ayn1ha't1o ~te ill the" "pe. lI'4lt be due _ 

h1gbe ID9aophJll ru1atarJO.. !h1a 18 ill 010 •• oofttozsl. with 

the t1n41Qga at lIatara~ar.tD_ (1985) wo also repGl'te4 tb8t 

Up .. eop~U re8iaiaDee va. aeeoeiate4 with low liIo"olQ'lIthetio 

rete. One peculiar til'll! U'eDd .UOGd ill aU t rill three ""1D6a 

wae tbat stomatd r'-ls1a1:s'lCe !ol' CO2 1Dcreaaed up to SO per out 

flowering with a siaultanooun increase wit the pbo1osyoth.t1o 

rate. Th1.s phenollCtDll could be ~la1lled On tll" b8a1a "laU ... 

of mJsopi1ylle raDi::t:::nce fUDCt10n 01313. llUt ill tlw lIill:'nat nage. 

it is not o~1 stomatal reel,:tauoe wo1ob iDozoe48Ei8. but 

]?Goul!arly. t:,0 pbotOC'yntl:l.eUe rate bad OOIlkl dOllD. l'Oe&1bl,v 

lI13ooph,yll r~DiBt~'llCe lladdenly 1Doreas<w ,"sw.UDI ill lowel' 

pbotosyn-tbetio rat .. fIIfJ;f be dua to DOaIIIIl fWDeeoenoe of lMat 

oells. !rhe l'i:dct re-aaon tor woh a li1oftOMDOa 18 'W01:'-tb 

lnvsn ig<l ting. 

ibe _ .. tal r<3s1naDQij far water ftpoar _8 a1gniflollD1 

at all lenla. ~e IIISIiIIl ftlue 1Dd1catBd that the long dura'tloa 

eul Uvan ven P088>lsa1Q loNer rcs1.tanee thaD tbat Of 

abort dQatloa oulUYUe. file 1' .. 18 __ ..... found - s.a_eaae 

liDe_l,Y OYU' dUfereDt stage. of Cl!Dp (pI'OWtQ. 



'l'he paielleterst both tlNDSpunlO1l l:ll~e aD4 leat 

t.~ret .. were a1t;n1fSoaDU, 1at1oe ... 4 la, 1he l'IatllG 01 

sow1,,8. ~e 41t.f91"1JI'». at .totIatal ree1.taD" CH:zO) })etw_. 

ne t;vpe of eulU. ... ars CCI the treD.1 over d1:f:fcrerJ~ growth 

s't;i1C'cl s hal lto l'-:n, :ctlol'l OIl th'3 tro~ at traD!!;.1!'nU.oo rote 

also. The lone duration eult1vo.rs tl1lwlU'Od h1gher tl'nnsp1re­

t1011 rate "hUe the devalo},Jlental l'ltaeae 1ndloated loweriq 

of the traoopiration J.'Iiites. ~"trend b<atweQD the two t)'pae of 

0121 Uvars WIiI8 til at t ~ h1ghCl: tranapt.rat 101) rate waf) acoOl&­

pan1ed by Ule lower lea! 'tJ!Ilp<l%'ature. This eftoct was poas1bl.8 

due to th c higher ev ~var[j Uve (looling dUG ~ higlwr traue­

puation rate 1n the long ulll:!<tioo culU"ft\l."G. S1mUar op1Dl0. 

weft idlflD eXJ&'essed Of .1aolalloo (1981). :!J uxprossed 'thU 

IS5 

high. vaospiratton retee were 'UlSoolated with lOIter lltlt 

tellpat'8tlU"G. The bend of traoopiraUon rate anl leO! teSlpIlNl­

tllre tl9'U atab'90 was sliShtly d1ttG1'Cnt. ihe traDspS.rQtlon rete 

Lucre.lled upto 50 per ceat tloweri.Dg lind declined th8J'<l8t'hr. 

118 regard. leaf teaperetare, tb ......... a atead,J 4ec11De ap-

50 per OEmt tloweriJSg aDd a ooDsS4ezeble ll1C1'eaoe was notl0e4 

1ft the luu'net .ta~. 

1'11<" relatiolllilhip of la&! r,,].at1ve lU1Il11e1't, aed 

tranap1.rat1on Nte OOnhiil!l tlh two type!; ot cultf. ... ars bad 

sbOWD t!rlllt the higher 'tiransptrat1or.l rate was _scouted with 
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ll~ leat ralaU •• baa14t". '!h1a 'beIId eoaU be • ..au, 
on4ernoad 18 '\he 111#1t Of r.latt .... bIB1dl" llaarer the 

leU ~ la".1' hal to be hJ4l .. 18 ••••• whel"G'YV the 

V811..,1ratS.oe .e hiabu. 

LeU water pot_U81 

~e leat water pots DUal ... II1cnl:U08Dtl.7 IIOIIltOll'e4 

\1 .0 .e811OB. !he leat water pot.DUal appeared to be la .. 

areaU" (8ft w.ter oont.art) in th' 10Qg doraU. calUt'1IH 

•• colllp8%'8d to ah .. t dorat1oD ealUn1'll. 1'b1e coald be n1at,d 

to hlPar UeDllptratioD:rate receded 1ft lug duaUOIl 

calUyare. III thi. coBtan, RaII •• tl BIIbe !1!i.. (1902) alao 

reported tbat traDsp1:rat10D rate va. ol_ell' .I'olat.4 to leaf 

weter potenUal.. !rhe;v.:L. obaerre4 the l'oouoe4 uaaeplraU,OII 

:rata WheD leaf wahl' poteDt1al Oh .... d bIoa -13.0 to -18.0 

bara, ahowSJas theeby that th-, wen IIOJI'e to1wall" 1D watezo 

d_fieU. nu. .1sht Pl"fItd'8blJr be dae to ttl, deep .. :root 

O1.t .. whf,oh bed _ll'ead" be .... Jttlanod. :ihs.. 18 18 GlOBe 

OODf .. i~ ,,1fb tile ttadiq8 of Pae.ioea ('981) 1IIho ftpOried 

that the deep. root lWat- " .. eorr.l.W to the UiDt ...... 

of 1_ wet .. potet1al. (h1&MI' .hr con,Bt). fbe leat _tar 

po'tentla1 apJllllare4 1D d'or"8e PZOCl"Cs.l't'els troll (low .. tar 

oonteDt) D, to D, (high water ooateat). 

!'he Ucllt intueepU.. atlJ41d at tint tlOWU'iJII HI! 

.bND t~t tbe 101'.1S c1uaiioD oalUnr& bIId higbu poaad ... 



86'ftr .. Oaepa:rect to the anon " .. aU.. oal ttvare. slaU_ 

o'bee1't'8UOD8 18 plgeonpea va. also raoori04 bJ BQlhea 11 11. 
(1980). The.Nn ot tha'ee lDWillg <IIlta. al.eo 1.U.oa1e4 

a s1ld.1ar trend. !l'!'le n, aovlnc ootald generate hJ.cher leat 

ara. dG'f'elo}llleDt alld higher grOlUld area (95 per C811t) •• 

o_pared 10 U, which ahowed the l .. n glOB ...... _gII 

IS7 

(81 per OeDt). i'hC8(l 'trends 1Dll08tod better utUlootlllD 01 

ao1.8r 1411" jbr the crop crowth bl the leug duration OGUinn 

and ..... 111 D1 8OWlngs. l'he abo'99 trend bas alao ben Dotioe4 

1n l1gbt u'Unotloa coefficient (It). Rqhes i1!l. (1981) 

vas al80 ot 1be sa.a opiDloJl that high l~t iDteroepUoJl __ 

.SBO.sated nih low liebt ort18cUOII coo.f:ticleDt lind thaa high 

bl .... prodac'tiOll. 

!lhe Dllllber at poda per plaat wae the _111 yield 

ooapOIIat Which ooatrlbutect JllAXi .. 10 thG 1101d aad pod 

satUag per •• Dt to a le.Dar enont 'IIilerell8 •• 1(1()1'.)-eo04 

"e1gbt aDd number of Deede par pod had onl,y weat l1081Uye 

ettect 011 ylel:1. 1'his 1s 111 close ooo1o_t7 with t!le tiDd1ap 

ot RGwden .u. u. (1981). S1lllUar .findings were repOrta4 bJ 

IIIiII'l)" autb ... (Ya48Ycn4ra .u.!J.. 1981. :Jurelllh XlBllr. 1983). !ba 

h18b 8allOOJAUoa bstwe. poe'" .vie ld 8114 It"'r of pod. per 

,1.' Will __ Ja1,y ~ the IIUI._ dUe.", effect. ne 

1a4ueo' eft .. t tb&'ollF o'har COIlpOJIeIlt. va. necl1g1ble. Wlth 

"caret to ;pOt! DetU .. the diN" et:teot va. DeslJ.g1b1e 'While 



the l1J11Ueo1 often ... thftUab .0 other .-peaeat •• _ ... 

DK,;;. hIIz'Yu.n 1rl4es and 1000 ,"ill ",01",". 

Ibe De,atl't'e eUeen ot paiD ,1eld "Uh MJ.'hn 

index ".. _bly thzooastl the .UoIIs .i8D1flout .... tt. .... olfo.t 

of a.bar ot pod. pel' p18llt. fbe weak poeiU.,. al!8OOSaUoD 

ot 1000 pa1lt "e~t "Ub ,leU "a. -iDlY due to ita .aptlY. 

41l"ect elt •• t 1Il~1te of all othel" obarettter "h!oh hII4 poa1ti ... 

eftect. '1.Dgh!1!l. (1981) reported tbBt the paiD 7ield had 

DegaUn 898OO1at101'l with 1~1ft "e1gbt. 

Ge1'laral.l..J. the uptake of all 'the ftDtne."a .UGh •• 

B, p. 1:, aa aDd Kg weft 81gaUJoaatll 1IItlaeaod b7 6. "iDe 

date.. lu the oalN of nltrose!! aptake, at_ ace..alated 110ft 

ait_aD 1ft D, aud U "as 1.atla __ by h1P U, _tt •• 

aOOQlUl].at1on. Ii_eYer, the aptaJre va. deorll88ed pzo,.. •• 1ftlr 

troll :0, to n,. Pooled aaaQaia renaled that the .,.,oJOal1 Jr 

aptaka va. .... 1ft the paiD _ followed b7 ft_. stau.er 

U'e1l4 v .. DOUoe4 b the p)aoep". Uptalre t •• , btrt tbe oore:raU 

P .ptako va. IIOl't 18 tile Itt .. tn. the IJ'Ilb. Jleta8siWI. 

oal.01_ aa4 .ap •• s.. 01080l.f followed 1he p~. tread. 

AU the .. auU'iel'lts weor4ed hScher aptaa 1It the loDg 4t1l"8tiOlt 

0II1UT8l'8 the iD the abart dlJl'ftioa tnea. The deeper 1'Oet 

81n... ...e OaJlOpJ' srow1;b aa4 loager O1'OPP18g periOd Ili8bt )a .... 

"_ltd Sa awe alJU'l.t apta"e 1D the" oalUvare. SSJallar 



tft1I4. were HpOrte4 b7 SlaIh 114. (1983) ,,'be al.ao obeun4 

t nat 10QI durat1ol1 p16eonpea oulU lIIIZ'1t reaoved h1(#ler ... tII 

of nutr1ars'h f1'oII the .,U 'tbaD thoe. of .bort dlU:'8UOIl type •• 

.A8 regard. the total aptalDl of nutrients "118 01'0P 

00IIJl0II6ats. Bi'b!ogq w.a fOOM -. be the _~or nutne.t foUowe4 

bl potas.t .. eal.c1Q1!1, l!I8gDe.1am aDd phoephorQa reBpacUye1, 

i8 the de01'saalDa order of quanti" :rcMVed. 

The 1Imt13lD COlltent alld t'l;8 tl11l'llot'er were iatlu .... d 

signU1eantly b7 th!! 8CIIW1JljJe. !'he blgber proteiD cOIIten 18 nz 
COincided w1th the D01'IlIll pewlDg BGallClD Of the Cl'Op. b 

low content 1D u, IIILsht be aUnbuted to the h~er b~ .. 

.,d l"ld rel!lult1Dg 1ft the dUutiOll effect. Ifowey}r, S1n~ 

u!l. (1971) foand that proteiD cont .... ot the seed we DOt 

at all atfeoted by date. at BOWing. !be pzotein tara.r81' 

bolb 8t per pl.t aDd at poplllaUOIl lev'Sl decreased P-!J"-

•• 1.,."'" tftll Ilt ",0 n,. fhU decrea •• could 'be .Ur1buted ... 

the ft4uoed {C1'8iD field rsth>lr thaD proteiD cochDt. The 

.;JOODd DOWiq (:n2 ) recorded the h1Fuat lilll a_ng the three 

aow1Dga. !hi. wa. achl(.'YeG by thE' more ~.U.ohllt 111 UoBeD 

parl1UOII 10 the iWtk. ~18 ~t alao b;: 1ib.CI l'I3aatm fee the 

MQber p1'Otein coat eDt ill >lz 1oh811 the other sowiDga. ::l1.1ll11a1' 

to the ordina.r:v oeleula ted haJIYoJ8t iDda, 11M ltIl was moJ."a 

in lIhon dqatlolt cu).ti.T... Stu4U. OB nltl1'o«ell barYen lra4a 



eottdUetea b wheet bl AaUD !1!!1. (1980) 1Dd1oate4 .e 

VeDd. observed abon. 

8t8b111", •• 17a1a 

GeDotJpe :It :.:nviJlomHllt bt~UOD had been v14811 

observad to play an iIIporlsnt role 111 the 13XP1'e981011 of 

pbeaot.Ypee. .A ph8llOt;pe 18 the "salt of aD bter'1'la3' of • 

geaoVpe aDd U. ell'YUomaeot. Tile ability at '*he 1Dd1'V141111l. 

1;1 Ii 

to tilfaf plast1e "&POlItIC to nryiag 19I1TUonmoats 18 of apeotal 

interest ill legumea, t: 1.nce no other crop 1e expeoted to y1&ld 

under a dlvereity of el1matlo. edaphl0 and I!111I36gOOlent oond1t1oDil. 

This is tz'ue 1Il the QUell! of pigeonpea. _bell 718lOo are oob390'\e4 

to _wed oOlltreste in vurying eU.sUo o08dit1one. Importance 

of 8tud,ylllg tb'!l Genotype z JIlTL"'Ornan't intarGcUOII 111 tC1'lll!l of 

Jtb7.1olog1cal traits t~ ClOp lIIIprovOIll'!tl't 111 pS8eoapea hid 

baeD streoBed by Lawn (1980). 

III thz prl'l82ltt atlK1..1. phell:ftypio atabU',ty parf()Zll8neea 

_0 IIlessurad for 12 J:*l'GIHtan 1Il alz p1geaapea ealUvara 

c~ of bo1lb short " .. UOD aDd loQg dlD.'stion ouUt ... 

0"f'U three dlfteZ'!.!Dt 8OW1qs _leg the 1IOde1 d .... elope4 bJ 

Eberhan and RQa .. U (1966). 8111111711' studUa b pipJD}188 

vaa fIOll4QOted bl earu. .. var_soB (H._1I13-, 1975. Jag ::bOJ:'GD 

l1!lot 1981). 

A perusol of ,"riam0 for pbiJDotyl'Sc stabUt", b 

pooled _a1.ye18 1II41cate4 tbat the ee.aDD (l~ar) va. '.lcDUloarlt 
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tOI' aU ttla .u_raet .. exoept leat/ ..... r..tt1o. Vart.V x 

eea .. (liDear) was a1gDitioaat fol' all ~ Ohar&otG'll aeept 

a_bel' 01 aee4a per pod, 1II41V14ua1 leal 8I"Ge aft} pIIo __ 

87DtheUo 1'8"0. Tb.e arUhIlet10 aanllfonaUOII of tbe aeaa 

8q.1JQ'e. 1Jrto the parei.HltaJG of liDear ant.] DOll liDoLl1' ocapoO'urta 

ebCIWad that th .. Pl'<.IS .. llCii of h~ dacreo- 01 l1rwar oomponaD1l 

tblan tbat ot DOD-linear oofllJOtlGn fGl' au tile .v1\Jld ar:a4 

4rJ _ttOl' OompoDElQtm except lU. nlouOODCl gl'Qln weiGht GDd 

awbu of so<ads par poe. -.UG tooDc three p~amatol' shOwed h1ghG:r 

aoN1Dear oollpon:!llt -;"'lSCl tUG u'Dlii3.i: oolJlpOnezrt. :'btJ l1zt11U' 

componc!lt UGa CIIlxillll»ll .fQt' tho U:. total. d.r;.- I3Q";tr:!r, &tam 

wei."~t, Lis rat1o, No. of. pod per pl.al1t :01101:/(1('1 ll;; No. of 

ThObe :U.ndiQgto 81'0 ir: goJd U{j;i:",,;o::;.;;nt witt. 'Ib\. filX!1Dga of. 

'lalllaDu3ao (1m) Wllo rcyo..~ad 'I;!!.&lt tllG j)Ctl'O~nta..:.'C of liDolU' 

OOllpObant waG h1ghElX' ill DWO-.:r 01 pods :VC' plant an:: graiD 

yield the. tbe !lOll liD ear OOIIpOD'lntS. 

:Therbarl and ,-,DSeen (1966) defined a stable .... vpe 

aD ODe \1Ih1eh ahO'liJed a hiAb !!lean ,yield. l"9gresaicm eoeff1cilllt (b) 

around un1V and dev1atiCD tl'OlII l'1lgrasaioll Del'll' to 1&(11'0. 

;,coord1ns to IAlD.ger .!1!1. (1 m), the l'1lgrea.1CD oo-eff1cia. 

18 a mea.ure ot JL'G8pODfIo to "f&r11Dc eav1rolll!lema. '!be 188_ 
8qU31"13 tor dGlViatlan t.\'OII liaea:r 1'8&Z'8881oD 18 • t:rINI .... 1Il'II 

of :PJ,'04aoUCD etaltUltr. Oat of a1z p!& •• pe. oulU, ....... ),y 

thoee vh.iell allOwed Jl1tf1 mellD (MeraU 84411 + two Sf;) wee 



oomrUere4 t. e1aI!l8Uioetlon and tlt93 vqoe olAaa1thct 111 to 

toar grotlpe ~d1ng to the _th0401OQ foUCNed by Mlth:lra aDd 

R_tta3_ (1974) all'J S1ngh ana S1n«h (1980). 

Groap ftoan 

I iJigh muu: 

1: ;r1e!l moon 

III lUgh aea» 

IV R:1gh moe 

fb' 

Around 1.'IIlit:1 (~: ) 

Sib-nU1cOntly de-
ViQtiAf 11'0<11 
rlll~ s) 
Zl1eYlif icantly do-
v1.t~ fll'OQ 
Ul'tlt,r s) 

Around IUIl~ (ns) 

"S .. Non e1~Ul08nt 
S '" ;"i.;;nifioallt. 

S-Ijl 

,~OO zero (Its) 

;,l."Oulld 8e%'O (NS) 

~i.gDU1oaBtly de-
vlaU.ng boll 
I:oro (c) 

C:1gnl!iollat1, do-
viat1l)s fl.'OIIl 
lIGro (S) 

1'he oul ti,VUl."S 1'all1ng Ln 61'O"P :i: will IlQVi.i <lVQl:"<Jt;1) Z'-:::T,)OO3e and 

high .tob:!.lity we;,.' tl"l: IJGd3Ollll. ibc culUvu,ru in gI.'OUp II wm 
.J.(Jt'er aroand loW :raGe :ru&,I)(mS'S (b-llow or above) ttJa t wUl. be 

8111 table for SV·jO£! <ll:.' t311001',1b11) 0ll\·1z'o!IB1JD~. Bumviour of the 

OlllUvOl'a b szeap III and IV OCiMOt he ;.lZ'edict.d. ,..u the 

three pllt'am.ters of et(,bU1V a-.ely, high l116an pertOftlan=e, 

lb' and Erd2 were considered itogether fo~ the twolve chQl'tlO~eft 

81041&4 ftI'ld were presented 1D ~blc 66 to 71, Qftd i'ieUt'ee 2 to 

n. :rrom _.bUtt)' anal,ysla. 1t bIIId b on IllBt'ltad out that gra1D 

,telll ta the ouUlvars 'efted ",aG the hiBblY uutabllJ Unit 

(!l:'3ble 78). As .tated alrllaq. DODe of t;he Cl41tlvaro oolll~ show 

aJllf l"\l1IUIl'k8bla rRlilbULty for th1a BlOat 1.mJ:lQll:tant t1'il11i aamalJ. the 

creta 11.~. fb18 iDStBbU1V was also reflected ta the til aDd 
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!able 18. O1aa.WoaUQll 0 f 1b. yarleU.. baaed on the .tabUi~ 
p"_hl'll 

Paraaetu Gl'OtIlI I Group II Qrollp III OzoIipIV 

1. JIboiOIIlVB1he8ia Cflla 5 • 
2. LAI CORa 11 PL~; :561/1 

Sf. 1 

J. "tam wiBbt C:::RG 11 
PLS 361/1 
SA1 

4. L/~ ratio \J1:i; 120 co 5 
CORG 5 

5. IndlyLdilal &\ 1 1L8 36f/1 CORG 11 
13&1' area 

6. TotGol dey OOR{} " 
t'lIItter PLS 36f/1 
8(lc~lIIUlat1on S/I , 
( ':1)'1") 

7. J'1umber of 51. 1 J'T-", 361/1 CORG 11 
branchcs 

8. :7umber of C':Q1lG 11 
pods PIU' 1'':.: 361/1 
plllllt g,\ 1 

9. Nuober of SA 1 PT,s 361/1 
eee48 per 
pod 

10. 1C)()()oogra 1n OJ!:(;- 5 ",:;na 11 
weight }"~,~ 361/1 

;".. 1 

11. BI4"t'est c"n<t ;; CORO 11 
iDdu tn'AS 120 

12. Gro1n 7ield OJW$ 11 
PLS 361/1 
51. , 



DIll 81_. !he •• two .Ul'1ba"e. 414 DO" shOW It", •• bUl", 

111 1lD,J eulUyars wlth ODe \UIOepUCID l .. e., COllQ 5 waa foaDll 

to be .,able for HI. 



IRlAD lRODO'O.uYIft'-aiOAPHUJ.AfI01'J Mm Ilf'ri>GR:,UOI (Jf PBYSlOJ"CllJIQAL 

ll~SPONS:;S A!T.J PH·~OnPIO ~SSITm 

1D 8Q1 OIOp, ,1814 1. the f lD1l1 lDtepaW 

8Spftnlot1 of -Q1 ph.yalolosl.eal P'OO ..... tisat ... 1Jrwo1 ..... 

1D the sraw1b ani denlDpaeat of 11:1. t:aep. AD1 _BipulaUoa. 

wbetb.:r 1t 'be genet ... a!. pb,JalolocSoal QI' agaDOll1ea1. vlU b. 

UtI.;tui OQl1 1t it CaD leed to h1Sber •• DOIIie 118111. !'be 

prooe .... l"Ullg to higher BcollOld. ,1e1d _ theu patt4Il'DII 

lD 41ff8l'ODt ... _a are the _~QI' uD4.d.ylllg .auaee .1oh 

deelh the ezpl'oas1oa of 71.14. !'be ... arlaUOD. III 11e14 III 

aWareDt ee • .,DB 'Ire thaa the oat_lie .f the differe •• a 1D 

the .. lD'ler1.'f1.Dl p2OOeaa •• _4 theu paUel'Dll. 

Plgeonpe. abOW8 raartcable yar1atlon. III 11el4 Vbe. 

peND Qlder dUferent ee •• D.. 1'be aper1ae"'al 1'88l11ta 

deaorlbed prmoaal1 bad ahOWJ:l laqe fluotuatloD. beMeD 

Fe'brullry. June aDd Sep"QIII'ber sovlnsa. !!he Sl'8lD 11.e14 re4oo"loD 

111 both POll» of oolt1'f'ara III l'2 88 ooaparad to 1:, vas 60 per oent 

and •• n, va. again eollp8ft4 to r;. the redootil'lD .... 

?7 pel' 081'1". II l'edllcUOQ of « pel' .ent __ obae"e4 b et¥.en 

1D the tortbOOll1Ds pap., an .. 'tap" I.e beag .ad .... 

lIDderataad and dUe.l'1a1aate the yarioUII ph.Ja:lo1ocioal. 

peneten _4 poGIIftb ."albat .. vh1eh ware napoa.lbla ,. 

,lel4 ftriIIItie_ 1D dWere" ..,tass. !'be reapoll8e8 to 

weather ... arAa'UoD8 aDd the COIIPOIIeat8 of the weather ~ten 



1. JO 

.. ~t" to Wtenatul "'8JICIl8e. of NlIlol_Seal attribatu/ 

powth obar_tarUU ...... bScbll.cbte" lD th1ll naflJ. 
IaYe.UgaUOfta OIl b GeoVPe !II: t_s.-t ilnereotlOD wbioh 

1Jat1...... the ell;PL"e •• laa of lII\'9'aiolOifiOal aDt! 1IOI'JIbol0CS0a1 
aH!rlbate. panaSe1Da to the ",arloa. ealt1~_ ".... 8. 
DD4eriak8D. 1'be MiD ttu:uet wa_ .. tlltd •• t eUber a oalUftr 

IaIOlIm for .tabUt V 111 .. U 7lelA or tbo.. pIJ,r.1olOSjoal/ ... __ 

loIioal attl'lbutea wh10h wee .tablll 0ftX' .".D. aDd whuh 

oOQl4 ._1Ift b1gbs:r anabUt_ or p8l'fo""" onr ",arto .. 

8ftiq •• 

The rGcapU"'tloD aJld 1IItograUOD of the re8QU ... 

parUou1arlJ 1l1llled to draw 01U.' attontioo to tha yariOWI Jl'eaponao. 

of the calU"ars 80 ertdenoed by the oollected data. It ... 

aleo att9llpted ift the followlDg page. to iftherate the YIlriollll 

veDds • 8., to j.Wy the objeotly •• de.tiftetJ aDd also to 

asseo. tbe extent o! tultl1aeDt 1rJ te1'lU at balletic .pproach. 

!he pooled yield data of bOtb lODg aDd short d.at 1aIl 

culUY81'. bad shown t~t the p1'Odaot1Ylt7 dORaased propest&n1J 

.t%'OII n, to n,. As rap.rd. abort durutiOl) ou1tl"'an, tbe tJUd 

_. tbat betwe8t'l r, aDd liz the 1 leU Wllftt do'loll b7 " per o_t. 

"We 'betweeD 1)2 aDd n, the redQoUaa vas S2 par oent. !ha 

.a.ta.UOll 'betweea D, .1111 n, ... tn par .. at. 1'htt p.r04ueUl'l1tr 

ueo4B til loBI dUl"llU •• alU'ftU'1iI was a .. of aird1ar vat- •• 



.1. .... ' f 

~aoUOll be1Jtc 69 lG oeDt lNitweea 1lt aDd ~. " ,.... oeat 

between Da 8D4 n, iIftd 81 pc oent betwCeII D1 aDd n,. ~_II 
o111e14 ft4aoU. penent._ between tbe two tJ'pQ8 la8d ahoIIID 

thU e .. ptlDC between Da IlD4 ~. lD other aowUtp the U1'ue ••• 

'"'" _1.481' 1ft 10111 dlUlQU. oalU'fQII. !he poealb1e 

11'lferenoe .ald be that au.tant1al l'9t!lIOUon 41.4 oeotll' 1a 

both tbP. ",pes 1ft 41ff ,reut 8DIW1Dg8. ~e 1'8aeoD tOl' ••• 

varlabUtfo1 tn )'idd re4uetlon ooald bIJ aeer1bed • ..arlo ... 

p ... etere Of ._11&11 V. QIl~l aD3 SrtT8stll91l (1969) •• 

"pal"hd that erw1J:ooDmontal tao_. had the createat 1at1l1dte 

013 .. .a ,ield pel' plant_ In thl. OODtat. SlDgh U!le (1977) 

also ob&er"l'ed the hi.:;:be.t .eed ,leld la 01'OpS 80WD on Ma,y 20 

whUe decreasea ,leld va. o.e1'9''' 111 the lJUoce •• l'ft late 

sowbp. 

SowiDg date. had a1&llUloailtlJ lDfllllDOed the D!S in 

bo'llb. t;ypaa of oultlYare. The hlaeleat uu. was l'8OO1'ded 1ft ') 

while 8 deGl'easing vend wllS nal'ble 1ft 0"1' two eow1DC.. file 

IIIIlXilIIa telllpera1;~ \1Iae higher d=1Dg the n, aowlDp 111 

~f.8OIl to otlle".. DQriq tbiB putod ..... photolO'lItIletJe 

rate lD 811 tbe _ltl,"" .... &lao f.rId1oatlft 01 bigh.,. I'8te. 

PU' -.It leat area (Table '9). fhe LAX <.an of oulUY8I's) 

81 .. followed a aiJdl.ar vead. !be Dletotape,.. .... va. the 

1..,. .. 111 n, and h1&b" Q.toteapElJ'at .. 1D 11 00814 'be 

".,..11:11. 18" h1abs" daft "apuat1G1l. 1hf.a 41.4 DOt ulen 
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tile DMA per .. it lAnd QGe daria, ~. 1'Ma _. probablJ •• 

to higher l'8t. Of DMA _Sell Oa.p8n .. tet the ftbaDctet ... pUat~ 

un" ar lJIl. !be mElllll 4., tqpa:l'81lue obn%"'t'8d dariac 11 
.owtJ!tB .... 32.94-0. 2'hi4 ta tOIled to be DG8ft1' the .. l'IliaGl 

t_peretare t. -.xilllal pWtIl .... J*ctOll1Dthellia Of C, 
berbaoeoaB plants (Bl •• 1973). 

tower n,yctotempol'lltIJl'98 112 12 am D:3 DOWi. wert 

found to 1>3 l1Dked \11 tll higher HI lb tbsee hit .ow1nga enD 

t~ "Lald and D* VGl'8 cOllpfll'lltiov .... , lower lb th·lft 'hoe 

Probabll perUUoll1na peroentaga to the s1nk was .ore effeoU .... 

111 tboee two eowlllS8. 'rbea. obl!lElt"YOtiooe f.l7!'Q irI SOOd ~eQISJJt 

wUh tho ilJte:<1nelll 4rawD 1>1 _~k1nola .... ad ,Jblt_ (1S174) who we"e 

of the oplDlcm tbat cooler t·.peretl1l'O could lead. 10 b1gber 

iiI. Sheldrake and Naroyal'lllll (1971) GlIllO obta1Ded h1~ar IiI 1D 

x-abl .880b l1li oOfllllElrod 1;0 ~rl1, WEIll the t_pl1r8tllft vas 

OOIIIPIl'8Uovel,y h1sber. 

ID addLt101l. DiU .... hlShl11lt1d poe1tlnl1 eonela .... 

"itob ellllllaU-.e heat IIDlt8 18 aU tbe stases cd GlOp I!2J'OW1b 

(1'ah1s 55). That'll'.! .flJ)CUftg8 00Df1l'll the obaernt1o. of Dh1JtBI'a 

it!1. (t980) who ohtalbed poslU," CDd .1cnuSoartt eo.noelaUoa 

between 8l0l1llllllded tet:lperat~ oDits ana DNA. !lhe c-.:alstl ... 

beat .ih aDd phatOthertlill .Us WlI'G fOUnd to be hS6beet III 

n, aow1ags aM aU tho W3tMJ' plU'3ll8tors vis •• cumulaU.e 

... pat1OD, saaalliDz boIIre tmd 80lar radt.oUon ",ere pOsltlftl" 

CQ'l'el.at. vi. DIfl. 



A dleUnct olltoo" 1:I'0Il "hla .tud,J of y8J.i.oaa 

atVlbuh. that 'WU't 1rdl.aeDGe4 bJ' eeuob81U". _. the 

.. _"sao". of sralD f11lUc P!J1'ie4 1. aU the t1'&'e. "'1Ifc8 
1n'eapeetiYe of the oulUyara (PIg.14). !he weathu di4 DOt 

hwe aD)' J.lIpaot OYer thlB "17 SIIporlaDt trott ot the ct.1l.t11'11ll'. 

!he loDPl' pelll f1lllDc periOd (GJ'P) ba1 beOll 1"3CO(plieed 

a. the II08t iaponant c1e"'%'II1DaM of the ht~ 710 ldillg 

potcmUal 01' Illlitl21 UOpe piaate (A .... 19'15, Dawlt, 1m, 

'jyaM, 1982) _ i'he tact that tIllll atV1butea bu DOt ba •• 

al tared b.Y 80._.11\1 18 a 818111f1eaDt tmderst3Ddbts fOlft 

,y1e14 IIII!Jlpulat 2Daa. lIaD. tho redlll Uoo 11:1 prodactiY1t,J iD 1'J 
UDd n, might be dIN to the other ooapoDenta relailD, to •• 

aiBk strangth DQIIe1.1 s1Dk abe aal act1Y1't7. s~ aVeDCth 

consists of two 111C13or OOIII»Derrta Y1s.» oillt olae 8Dd eiDk 

actS:ntJ ('11!l'eing anI". Patrick, 1975). Tho Gittlt aetlrtty could 

be farther 9Ilbd1vido:1 1nto ,!It al3Oth~ two OOIIlPODelrte al).1 

the1 lire the gra1ll !1l11nc period (QFK) &n4 the zete of 

flUiD. (RF) (Pearson and Hall. 1984). 

FUrther anal1a18 of data accumulated 111 this .tod,y 

poUted out ibat the dB aue 111 teru ot e8* per plQllt had 

lODe dCMl ll1'aaUca111 tzoa 4 to :0,- !he oalculated RF WU 

aA"in4 •• toUowa. i'he IH aao_latod b7 1ba Dumba' at sesda 

per plaut aM also par lIeiJll _s divided lQ' the GJ'P. .,. 

a8'_ Qe pnn belCllf. 



FIG.l' SCHEMATIC REPRESENTATION ~N"LUE'iCE 0" SOWING OATES ON GRAIN YIELD 

FEBRUARY JUNE. SEPTEMBER 

HIGHER CUMULATIVE LOWFR CUWULATIME 

- EVAPORATION _ EVAPORATION 

- SUNSHINE HOURS _ SUNSHINE HOURS 

HIGHER RA TE OF GRAIN 

FILLING PER 'PLANT 

LEAF NUMBER VJ,RIABLE 

GRAIN YIELD 

GRAIN FILLING PERIOD } CON~TANT 
R ATE OF FILLING PER SEED 

- PHOTOTHERUAL} 

- HELIOTHF.RUAL UNITS 

- HEAT 

LOWER RATE OF GRAIN 

FILLING PER PLANT 

PODS PER PLANT 



:>ate of 
aov1ns 

n, 
llz 
n, 

:"UI! 

31* aetlvltjr _----- --_._--------,-----
Qrab t1UiDg Raile of fUltaa 
pedod (DaJ8) ......J.4;;.lIo-_'.£} ___ _ 

(JIg pet <IllS ~)r 
plant) "ed 

t02.12 145D.9 43.20 2500 1.71 

40.5'1 515.4 43.15 940 1.82 

23.15 :x>9.0 42.15 550 1.77 
,.--.. ~,-----.--------.~.--.... 

file ra~e of sra1D tilling oaloGlatQ4 OIl tIlJ ba81. of per plAIat 

dQOl'e8sed fz'oll Dt 10~. ~'ban oalcu13t1oo. WU'O mad" 0I'l ... 

e1Dg1.o aeed basia. 'there _9 not _ob d,1ff"renow between D.e _ 

»" and 8 o11ghtl1 h.1gher rate wao rooordod 111~. 1'b18 onl4 

be related 10 the 81Gft1f1oalltlJ' higher 1000 paiD "eicht iD Da 
•• OOlllpQ'8d to D.t QDd n,. 'fha.e trellds 1D4loatec1 til at it va. 

the eiak abe wb10h deteailled tbe 7ieU lD diffuellt •• aona 

.lId the aUe "as la.ruelJ altered bJ the weatiler l"I1'"",,-". 
:aut lfP was DOt altered 'bJ the emlloDmqt "hell thi .... oaloDlatfld 

OD aillg1e ... 4 'l1li818. Of couno, WiltJII the .aas paNI!J3"U' -. 

viewed Oll the baau of a aiftgle plaDt, 'there _. a lot of 

var1at1oa. 'l'h1a 'Waa -Dl.Y dae to hJ4ler I)_bar of poda pel' 

plar.tt in 11. P1'Om th1tJ Btud7. 1t 001114 _ely be IIOD01Ude4 that 

the GYl and flF wen ao1 .. terec! bJ the ellt'lftnmental taaton. 

PeanoD and Hall (1984) 'We" of the op1D1on tho'1, EIIIri:Ie._tat 

eftects UII p>a1ll ImiDe OClllU be qulte impGl'taDt a11ibo&1ib it 



oool4 .t be )OUl'b1e to .... 1_ the .. ef100te 1Dte CD'J' 

.114 Bl' .,..ot. ,... the 4ata P(a'b118be4 tiU tbln. 
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ADal7a1a 01 the ....... 11t.1 OCIIJIOMDU ,......81e4 

'that aU tbe p1Ceorrpaa olllUnn .-4aoed tbeb- ..... U .. 

powth p .. led urlDacU.v and .... to tlowe rill« .. rUGS' ill :n, 
eowlap. It bad been alzead.1 •• Uoae4 'bat GJ'1' (Period fI'oa 

50 pel' Gent flowertDg to h .... lurt) _a Dot ObaDpd 81th .. 

in the OIIltwara or aDder d1ttuent 884eo... !lh1a relllloell 

..... etaUYe poowth va. pzooba'b17 _it_ad hy 1t. 88De1U.1tJ 

to pbotoper104 Md 4a,. lansth 81110. p1seollSpea crop happened 

to M qtaaDUtaU.e1.Y a short 4.y plaII'. BIIt peoul1a.d, DUmher 

ot &l'8W per plaat Vhloh".. iIIetsoath' ot larp D_her ot 

t1Oft1'll reta1J1ed, bIId ahoWn that Dt ibid ~ _lIP vue hett_ 

t. 1be iDUaUOD aDd .. intea.,e of lecu sink 8is'. !h1a 

waa 1Dd1reetly aob1eftc1 tbro. tbe hlp LA! _4 IIU prl.. to 

the 1'low_1Dg. !!.'beae two powtb Clb8raeters.atioa vee lArse17 

g1Ii4e4 b)' h'4ler '_parat ... 8Dd oth .. tGYOQ8'bl.lt en'VilHa.'" 

ooDd1"'... SO, it coald be eollOlade4 that the tellPU'8tlll'8 

lII04II18tIoD. l'&ther thaD tbe aben .. 4a1 OOD41U •• v ....... 

"QOJIe1~e to.. .. 7101d. 

s...a:rls11ls the effe«n of s......ut.r OIl .s.u ~ 
ter1eUo. of pSgtoapea. 1t 4f8!I be ooaolade4 tbat WMIIG'4'a JiAt14 

..... 1at1. bad heen o_erred _er 41f1ereDt aeallOu wee 

attl'111atalt1. _la1,. clue .. tbe 1'Gdllftloll III the e1Dt sill.. lD 

ather vcw4., ibe ... «an .... 1a the .. or ot .teets pe .. plut 



va- tlM8\ to be HQOJIIIlla1. foZ' thu -.-... 'ltle othq 

two .1Ilt oaapoaeats GOllUibat1Jt6 .Z' 8iat 8iftllCth. -17. 

G1'P 804 RJ wen lID" great17 aUIft4 1'1 tblt 8bV1ZD .... tal 

ohQ ... 111 d1t1uent 1DWiap. ~ laU •• ted tbat f .. th_ 

onp __ nant a1Iled at .t:abllWq 71.14 _81' 41ttueDt 

aeallO_. _lIld be COlIC sa_ted _ar4s the .tabU1a1q th. 

dille .18 •• a .. el,. the a_be fit ••• pltZ' pl..t. !'hi." 1a 

good apeelleat wi ib the Wel'8D04la 4ftWI2 b, AbZ'a_ aD4 

JUlsa (1973) who "1'11 of tile op1rd.oo tbat seed allllbeZ' paZ' 

pl..' -- the 80st lIlponam 71e14 ct .... 1DtIat sa l'iC"apea. 

The .. In eontribaUag ,fao_ whioh Z'Oduoe4 the 8iDk 

Bize wae the yarilltl.cm 1r1 the LAl wb1eb was 'ftr1 lI"4'1klDc 111 

D2 am n,. The tZ'end bad sbowD tta t naar17 eo per eeat :red.­
ti0r2 111 tAl hae ocOUft'Qa 1r1 12 as cOIIplred to ~, 50 per oent 

t%Oll n, \0 D:3' ~ pGl' oeat t:roI1 n, to D;,. III o1bezoworda ... 
aoallOS etHng'th __ the taotoZ' that wae 1181ala mll_l111 the 

IIbk sue (Rahlaan 11 !1.., 1917, Oeipr, 19'79, Fiacher and 

StootmaD. 1900, Yoahidr., 1981). Tho reduced 8IMlrOe "8 (LAl) 

__ rellpoulble tor the :n411Oe4 alB aue o'bnrre4 1r1 Dz ana 

:0, 1IOW1ap. flb.1I .,uoe alii. va •• pl.! t ap lmo lta .-poa ••• 

..... 17. alilber of leaye. _ltd IIA, tho .toU_Sag tl'eDda wezoe 

Ob88"". fie leat Dllllber vaa M4ace4 bf 15 per ceat lis llz 
a. eoIIpGJ'M to n" 39 p81' oat 111 n, a. C01lP8nd 110 Dz. J 

.HeIlIOtloa of 8IJ per •• nt ,.. .beerna 111 D_, eo c0apan4 • 11 
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0,.. .... iIl. A8 1'GtIIU'd. ILA. 'the nduoUon waG DOi .. _h 

.. o~ to lea! DIIlIbe~. 'lM I'edUOU0I'l8 vue 11.5. 2Z an4 

" pe~ oeDt a. obeernd between :n, \0 Dz. Dz \0 », .134 11 to 

n, rellP8eUftl,. J'ItOaI the ..,.. tl'eu4, It GOu14 be 1It1ere4 

.. t aoune DIIIIbe~ (l_f DIIIlbe~) I'II~U th. the ILA ..... the 

deteaillant of the 801frM alae. 

1.8 nprda 80UZ'O. aoU..-u,. the photOl7D'\heUe ..... 

per lUlU leat e:rea w&8 ~edlJOed t1"OII :n, to »,. A re4aotlGD 

of , pIlr cent hOII ~ to ~, 11 per cent 11'011 !lz to n, ... I! 
14 pc cent Dt to ~ vas DOt1oel!. 'l\'en though the "(la.Uoa 

wes p~sre.eWe. the peroentage n4uetiQD we_ OOIIlPftOUft18 

low When vlowel atnultaMOoaq alGIDg wUh leat Dumbu l'eduoU,GD. 

Hanee it 18 PL"elllllled that Ill' lDorease 1D the leaf a_ber 

(aoaroe lI_wr) will nataa-ally lead to h1gbe~ lIIOuree !Jille 

wh10h 1D tun will belp to ,eDeI'IIh h1#1er aink 111118. !h18 

1Dcreaee lIuet be ata'b1e OYer eeallOJJe. b edatMlO' of oloa. 

COI'1'9laUOD between ga:e1a ,1614 an4 LAI was reeoplae4 sa 

p1geoapea bJ Slnsh 11!l. (1971h saxena anI! Sha:rWl (1981) ana 

~ aDd sazeaa (1983). 1her we" Of the op1Dlon 1Ibat l.a'rpr 

a_bel' of ....ue~ le ...... or opt ... ot lezpr lElll'YOI walA be 

naoeaaaz:r to lDnueH8 81Dk 8V.18th poeltt.'nl,y. 

ObeeJ't'3t1_ OD the lII, 1D41oated _t the :parU­

t1o __ etftel_. _S DOt a llllU:l.ns lao_ for ,laU sa »a 
aDl1 :n, ."illCe. t!t.e hi.&'- parUt1on1Ds ett101e.., !lOUoe4 III 
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~ 8114 n, au DO't eDl!llll"l!l ~:r 71414 baoaalllll 01 IDMttieiet 

_cne 81se dcarf.ng 'ttleeo perioda. ~ 8I1tt10113I'Jt .... 

8"" .... _ --.:rell, the 71.ld _1114 DOt be _lDtalDeI lD 

dUteaoent sea80D8. 1be bi_u 7ield ... n, va. atVlbtrta" to 

the h~~ aoune .11113, Wbleh sa tae _. ".fleoted ill the 

bll1ler oanop,y dnelops12t aDd potIDd oonraee. 111. &'I'OIIDd 

009'Q'8ge "ned wIth aowlDg date., lt va. 95 pilr oeDt 111 llt 
92 par cent. iJl ~ and B1 p.Jr oent iII~. !l'b1s Velld v_ 

al80 l'Otlected 111 the l1gbt a1IbotioD aodf1e1ent "111" (k), 

wh10b increased ~J.;:;1YI'4.1 fJIolII llt (0.11) to llz (2.61) _ 

alllO boll ~ to n, (2.85). !he k "'alae UaDdll 0113"17 lDdloate4 

tbat th e 11 -iDsa 11804 the 80lar eno1'l,)' IIlOre effic 18Dt13 tn. 

tbe DMA thaD the other aowlnle. 11 .imilar ftlAtt1onah1p be.e. 

pzo4IlOt1YIt7 8D'l rlkiiaU. iIltqooepUOII had bee. JaOt1oe4 18 • 

IlIlIib_ of 8\III11e. 1D'101",iDg peill la..... Ie PI!a!eo1p' 

Y9.J&s'1I. dI'J .. tter :p1!04 •• U ......... _ vlth iIl0l'8881DC 

lftadiaDoe <JIaCa:u.a •• aad MoDto~.. 1911) wh1cib _e "fleeted 

OD ... gzoalll 71,14 _Soh .hOIrf14 iIlGI'Hee with lDUe8a_ prepo­

t1tJD of lDtazooepted Z'8dtaUI'IIJ (BDJi, 1915). 111 801'bean GOp, 

then va. a U.uar ~.tl.oD.1p beWeea lIl8:d ... 4I'y ut1ull' 

prodlOUCIIJ aDd .... 1ft .f .. 41atl. 1DtfIftGpt.d (Shlblae aDd 

\JebQ, 1"'). Ie the ea_ ol pi.p>apea, ..... li1l ... l'tt1atloa­

IIblp "aa obta1aa4 betwctOll the dlrJ _it .. 11414 aDd tile p1'OpGI'UoJa 

01 _taU. 1Dtaoept. (IIQIh •• .it u.. 1_). 111 the Jll'dftt 

.tD4J, .eatho..:h the HI va- 1_ g »,. tile ;rie1d 1acn ...... 

4116 to the bJsber .Wlae 810 1'Ql1&'$8eote4 br hl_ .. UI bea14 .. 



.. ata DIU.. !he t.apon8ll" of DMl Ja iIr.PIn1,_ the ... iII 

,.S.14 1D pSCeOD~ eaDQO\ be lib ... .., all4 ih _~ .. :1'01. sa 
4.tQ'tdJa1Dg the lieU wa. reeop1Mc1. 'bJ :bhrlllSe (1ga,). 

au.w lp p!tb !p4 .tabUUy •• lmI 

'!'be patb analyaU iDellcate« tl1i't the Ilmllbe1' of .. 

per ploDt _e the 11183- d1reet oontdbatiDl: factor ... the 

prodaettnQ of p1geonpoa. 'l'he other pal."llI!IEItcre al., 001'lWl­

bated to the yield 'bQt 1ndlJl'!.leUy. !he p8'l."tial r~sreaeiOIl 

aaalya18 (Tahte 34-) 1M1ollted 1110 1Iaportanoe of nUlllb~ of :po48 

per plant to h1Sher yield. ih .. seede per pod a!10w4 ftO&8tln 

aJ'Id weak relaUOIl8hlp wherea., the HI allOWed walt po.Ut .... 

_nocUtioa with 1I1e yte1ct. 

II OOmparlf1OD of etab1l1t;, of va..-1oae ~teJ!'S .. 

ezpreeeeQ 111 the oulUnrs bad t1bCN!I thU tne paiD ylala 1ft 

pigeOllpClIl ca1.Uv3re wac 00I!p8lllQttft1.J \mutable. This,.. 

f~er eonf1aa4 bJ itle aaal.7ai. of U.Il9U aDd lIOn 11Dau 

CGII\ponwb. It was OOOfJrnd tha t neiil'l,y 98 per oent oontrlJJu­

tiOll waa b,J UnGar COIllpODeM (:nvil"oMleDt) aDd 2 per OO)11t .. 

tlU'OVCh DOD l1uar ~Dt (GenoVpe). 1hie 111 1Jt SOO4 

EtSI'"Jeaent wi:th itle flnU .... of Jlallltafdaa (1915). woo lIll.ao 

... leel 1Ib. DOlI llpeQr aDd l1Deu cOIIlJIOnene of PI'.ID~ :II 

.DYlJO __ t 1I2tereot1oll Ja ,...Dpe8 and it. 7'." pe ee .... 

UI4 .6.39 PIJ: O8IIt eocU'1ba •• UDeu aI'Id DOlI Un'JU ooapGiIlCl1ll 

l'e ... ttnlr. Ill •• pe8Gnt atlldl, the 011181' ol""a ~ .... 

D8Ile1r ,_ .. .,.theUe rat. pel' .. It hat ~ea. LAX. IIil, .... 



f.1tJ ve1l1lt. 1./8 .. U. DMl. BIBbIll' 01 ___ e.. D_1lI' 01 

pol- pex- pta .. , 1000 IJI'Q1a -1.t .... HI ..... to 'be 

etable 1D ODe Ol' the o.ex- .alU..... BllviJII .b8«ft'G11 1b&t 

the 81"8111 ,tel.:! wee unetable 111 au tbe .alt1'f'8Z'11. it .. 14 

be DOted _t the culUvu SAl ..... pe1'1..uq at a hlpcr 

.; lit) 

plaDe -118 au ihe cnltiftl'tl a. IPG8al'de U8 jp:'Ilb~­

U",'U,. AIIIOI'l4 the e:'lOrl dUfltlca oalUft..'"O, CORG 5 .. 8IHd 

to be a h1&'l 71~er. -,,"ten ~ d1ft ....... 11'1 1141d WC'e 

ve:t:'Y h1&h 'between shal't ana 101lB 4uetioD enU1'ft1n 11'1 I1 
8OW111gtJ, they va ... 1I8l'J!'C11.ited 111 Da alld D;, BowlDp (1),-60 per 

cent, ~-2:; per oel'l'l, n,-,2 per oont). 

The v::.riety x Sea.,D lntElJ.'QOUOD had 81.reAdJ 1D4ioated 

that the:! nlab. of se. p2r:P04. IU Dl:ld phl)toayntbeUo 

rate vue DOt 1D11...... All .tIM&' o'IU ........ VQIIII IlUb~ected 

to 8.8O_111t,. S'tziGngel,y al'JOllab SA 1 dU! _t .,., HabUtt, 

f_ phOto8YlltlliltlO J:'Ote per urolt leaf lIfto. BI.t1: 1t 118 __ 

".W.Ut)r tw ~r of ".au ;~ pod, lU. D_~ at 1IiIGH~ 

and 1000 8I'91D we1&bt aadv OIiotlp 1. 1'b'?lle .... 48 1Ild101rte4 

tha1 thle ..ar1ety (1ft 0J:0ap I) de8Oll8tJL'atod .... J:'Olje reapoa .. 

and blib atabUtty <WUl' oeatIOft8 fOr 1110 attributJo wh10h WU'tl 

14CDUfled. 

?urther to ClSs VeDd. the clll_van 111 SlOG., II 

.... aplfottld to 8bow lWerage "spollse and the p~.e • .1 

th& attribatea OOllOernlld vi1l a_Ulata GrOlJIld 1lY"'lr88. 

e®eo..u,. when tbvae ou1t11'81'8 a" Dab3schd to 11Dfa1lOU'8'b1. 



aa4 taYo .. u • ........:I. ooaUU... UiDlQl' tih18 ....,sa. 
SA 1 ]lad ..... tabUUI t01> LAl aDd niaber of pod. per 

p1art. ~eD "boucb tboae atU1'but •• wen ftOOpl.ea. .. 
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~ 'fIIl'S.1t1. _Ell." .9 .... x: .,...I.tt.., lDtaoaotloa. ' ........... 17, 

IIIIIII'bq at..... P9Z' pod a. lloA .lob '"" loaM 110 ba lIta'bl.. 

IIIl4GZ' ... 8011 x: ftJ:'i'V 1IIt'J:'IIets.., WQI8 .,. .. toaII4 .... be 

tued 'bJ thls .... ri.ty .. apt pbot087DibetSO JlGte Pill' .. It leU 

area. Th1tI 18." pQelHt8J:' olAnUU4 •• DOD a1pltiean 

111 .. 8011 Z 'fIIr14 ty lDteNetloll"" DOt fbed b:1 SA 1. 

AIIIGIlg the .hon 4DJ:'eUGII olllt1'I'8.t'fJ OORQ , appe&N4 

to be • high lieldU' lD aU UIe three aOlllia&a. 'rhla oalU'fIIJ:' 

abowed _".b111t)' toZ' phot08111tlletlo JIG" 1I11ah 1ad1 .. te4 

DOD-clpUloa.8 lJl aea1lOn x YIlI'iev llrteJ!80Ucm. On tlul 

otb81" baDd. 1000 pa1ll weight and HI Which .bGWe4 nab111" 

1D th18 oal Uyar weft ,,1pUioaanl d1ffft'iDa' D the _ea .. D • 

'Y8r1etl 1Dt8J:8cUona. Hellee, it 1_ pre .... 1bat the" S. aD 

effect...... tategaUoa ot 'f'8rtou •• table ~101estoal J*'GllIIIttU' 

111 SA 1 aDd OCltG 5 Whioh b.II4 eoob'lbU.d OO~.1IIUl loS' 

~tl.el7 h1gbel' paD JII'04aotl't'1tJ. 

AS • Deeeaaary oOJ!Oll,a;r::y of thla atDdJ, the -~ .. 

qaeatloD that .. 1 ... 18 1tIe ...... wb7 pJ.saoapa- oalU..81'8 

dO DOt 8bIW "'ab111" t .. ... 18 ,1eld. TbI anllWU' for the 

abwe quens. S. llned below. 

1. tbe tw par"'en .... b 1MIII811,r 4etea18e the ,...14 .. 

MA _. HI. '.!!b ... Il1'8 hiPt, lDD. ...... It, the .eaecma11tJ. 



2lh 

2. IJt ad41t1an, IlIA 18 DOt,.talJUUe4 1D 807 CJl tile 
oa1U ...... "1111811 < 

3. SlDk 1I1hqrth. part1eIlW1.Y _. olDk au. OOQpOn_ 01 

1t 18 toad to be lItpl.f YlI1'liaC .s. 41UQlDt •• a __ • 

!bk al_ •• l"OJ'lPGaete4 'bJ pocl. peso p1Qt 18 a .. U __ a., 
l'e8Ottlll "Uh aUlae.,. .. due to •• "I.IlU". 

4. Ae 8 re8UU Of reacUoDII 1D -nnoae etVlbtn". ,,_ .. 

...... 11 Q, paiD yleld 18 toaa! to b. h1&bl..J 1DI1 .. ... 

by the el'Jv1roftIIoDt. TbSIt 18 fa1lber ~.1184 ... . 

taot that theae atVibate. are DOt stabUla.. 18 _ ., 

the eulU:nra. 

5. SeliBlul811tJ' 1aIluaaoe. il!.a dU8'tloD ot cal U"f'Il1"II 111 • 

larp aoseare. CbaDC- 111 the duratiOll athot veptatlTe 

powth ph". anA LAX whieh larpl.l daoid e. the auHequeDt 

1"111 ft111111 ~eDO" 

6. !'emperature llOdulat1cll18 appeared to be 110ft l1a1Uns 

to pawth and re~QoUn 0701 .. whf.oh 1Df1 .... e the J1eld 

~ .. yager1ea 1rI a1Dk alBa. 

PutIU.'G llGJ."tIP801:i'gea tar CIII"Op iaproYoa .. 

'''tabUl...., 111 :mA 0811 be .. hined ~ 18 ...... 

pJaot...,..theUo :rete nur aeatlGll.. flWI wUl pe.y oft 

eapeoia1l1 it 1 t "11 be dOti. 1rI SA 1 vb 10h 18 00IIP'U'8t1fll,r 

... pedOaiQ 10128 4111'81:'" oo1U.,... DDt th1a w1U be • 

"RI!1 411ftoo1t pnpoettiOD tor the ...... er. a:l.Ma __ ..,.theUc 

_ta 18 .. 1_eel b1 me", OOllpODellto. i'bIt 1Dherltuee pattUD 



aa4 .. neUe bad. 01 tbe •• ~ ... !an IIOt b .. ftUJ 
naUOII .. far. stadt. 011 tbe 1DJIiII!!1t ... patten 01 

"'U ,1 

__ fII7IItbeu. !'IIie oan be tabll lip ~ IlI1'th~ f.nn.uaa­
UOIl. !!le Otil .. aUornotf:n I. nabl1le1D8 N'IA 18 .. 

1Dozoeaa8 tbe ,_trUl;7Dtbetlo oU'tpa p .. _1t lab!!.... !Me 

oan be done b7 1DcZOOQl1iDG the LAl "" .. 8d8CIDS. !lIU 111 .. 

CO!IIPaI'IIU.,e1;y !\ CItable par_tQ1- (GzoOap II) b St.l. 

* :Pol' 1rIa"easlar IIAI. ill ..... 111 leat ..-b8l' ., 

be f10altfllllJ attempted I'8the~ thai ~ .. U& ILl 'IIlliGll 11 

aga1ll .. stabla .1flUC~l: (8bbIa aDd S8sfma, 198'). 

• DIe allllbar of pod. piJl: ~ U J1eooga1oed 88 .. 

stable para_tar in SlI. i'ho nabUl" lI!louli1 farther 1)e 

t..rtoftas04 to tbe leftl 01 -Ill' 1. 11 thla 0001'1 be _b1en4. 
then aft Tar, .. 0<1 poea1bUS.Ue. fu atabU1ad.a, 1be pa1d 

1D the pigGOapea oulUn.. lkIoatt.e, tho DI1I6 .. 01 po48 P«I' 

plant 1a «l4 .. ~ .. 11e1il dllteallt_t lIhlob _d ~ be .. 

i4eDUt'led tbrOu&tl path aal;ttr18. 

* 'l'he ItIIIIber of 'bre1lOh •• U obaern4 ... nald. 

pIlrameter wbloll oeD be 1Ddaeot17 bel, tbe plan" ,. tap ..... 

•• aaaber ., pods per,lUte __ 's of the taot that the 

..... 1'.t birIlD .... 1D SA , 1a uadU' IIII'NP I. ..e DWIb .. ot 

JOh , .. plaDt. 18 aDdu ana, II I.a ........ rl.ety. !!bU 

M1J tallO-t •• th. a_art Of J04s Pft" _nob" pobS~ 
10ftI' III tb1a oal:u'T&r. ~ IIbGa1a be s.aozoeeaed far 

nabUI.8_ ':lIt p81D lUl4. BeD" ihe pod DIabe JU ....... 



aboa14 b(J iDer'lsaei! and thie .., _t art .... 1b ..... _.u.. 
IIGOhba.. of 7le14 sino. 1*1 ~ ..... ~ malM~ 

appeal'GCl to be lIta'blo. 

• ~a ..,. 118ft to be lattln.a to _anta1IIl 

the iDhert"'~e patton Off DIll 1Il orda- to plaD .ft ......... 

.. 841118 .. t'81e •• 

• 0'Vt'1' oeaaana. pod uUllber pel' _it lAmd ...... t 

'be stabU1aed for 'IItl ~ ~1Iltt p1.am 4.,81._ 1I1'fol:'f'l .. 

4UteftD1 paM7:Pea Cl' aalU ....... aet be GPe1'1_1lta4 wf.th. 

~ab111ty raaal.?81a tOft IlIA _ HI .., tbftw .ufflelem light 

1Il .uob. apel'iaeD1a. 

After tb1. nud7. 0111' OOIIOept aDd yS810D lN~ 

the fleld perfQralame of plgeoapea _e ,"aUJ enbll.e4. We 

are able to demaroatEI 1ba dd1e1eaoW •• bleb Wft'e "epoDa1ble 

for field .... riaU_ 1u dlfteftDt ae __ .. 1'tlJ8101oaioal/pwth 

att1'1bates eoatJ!'ibaUD(; _ s_ as aaPlN4iotabl.e b..,SO ... baye 

ba8ll reoep18ed. 1113 feel _. .nfttcmt and eJJthaalUUo 

a'llolJt the atab1l1aaUob at ,told .ld.ah 18 ... uat_t 
JQaalb1l1V. Pl'Ov'ided we __ 1Jl .U .. waUoa with bIN ..... ana 
a_DOIIlft vbo are dewted to the ~ pl:OdltOtlnv. it .. 

nShr h3 a dis.1It dft8 to _len nab1l1v 01 ~ ... Ia 

this orop wb!Ch 18 an exoeUeDt .... of ~elll &IIi .. en1.8~ 

pDC)\n>e tbat pow. mmWtul of '9B1'1l1lC _tatun Ualte4 

altUlUOM. 



SUMMARY 



OHAPI'ER VI 

SU'.mu.RY 

Invoat16aU<»w ware onrr1ll4 out o~ the p18tonpeaa 

comprising at both short sad lClllg duration culUvon to 

diBcr1m1mte tbt ir reaotiona agniADt \,.at}le r pll'fUll8ten aa 

:l.n:f'luenoed by tbt different eowiIlS datoa. l'tII JIlVliliologi.oal 

atb1.buteo, their vnrintioDs as expressed in pbenoqpl0 

chll%'tlotero were otuJ:l.ecl in l'QlD.tioD to the produot1vit,. 

lb8no'typ1c stabilit,;r 8I.1I'I.lysill relot1nb to tba V!U'1oUll 

uttrtbutao was Iltili.eBd as a tool to ld1tnt1f,. a nable 

culUvur or pll'!llD8tsre \!fhidl poeoe.e h1gbIr otnbUi~ of 

perfOl'llllUlOO over dl.t'!.reot 8;)winBa. In 1ihi8 IJtudy, path 

allalysin ,1M alBo resorted to bri..ng out tile ditterenUe.l 

contribution of var10tlll l:leld oompOnerl'tli1 to b poa1n 

productivity. 

Pbenologic[,l cmngea were largely monitored by 4at.8 

of BOWinG. ;lIduoed v0601:[;t1"8 gro-. th was recorded in n, 
oO\":1nc aD cor.:ps.:::9d to ~. 1'b3 grain t1llint; phase \18£1 not 

altered by d1fferont aa.v1ll8e in ooloultivnr. DIlt tile sink 

size an!! rate of filling pe r plD.nt weft aft.otsd 1»y 

variation ill dn'too of aow1.Dgo. 

GrCJII'1ih, 1Q tel'J!lll of 1IIOI"Pb01ogioal attributes lUat, 

plant ba18bt. _bar of brnaabee. INIlIlIar Ott lea .... , le~ 

area and mA "'llIn .~1t1Oantl.Y aft.cted b7 dW.reDt 



.ow1rl8n. .Aa a geneI'd ftl. in all ~. three 8C111'i.Dp, ~nf 

number decid.d b 1.o1oL1 lent n...-.a :rattler ~SI !LA whi.ch was 

.not Altered by oowings. ':bII 10Q£ duration oultlvnftl 

d em11m'tled the ahert duro tion cul t1 vare 10 all theoe aspect •• 

Tbe lJ;U was ~ou.ad to be h1BblY oorrelated with oU!lll&lnU". 

beat unit, pbototho!Ul.:", btl1otbo.rlllll unito Btl4 aloo With 

other meteorcloctocl ptl.~~re. The .. }Il:l'8l!lltt.rs wore 

i-'jUDd to be h1gba r in Dt eow1.xlBs which aliso aocumulated the 

highset 11' 8l!IoQG the three sowiDga. 

O:roNth M!l.l;Vo1:.: component. Booh ru:J LAI, AGE, OGE 

lII:ld ;,AD ~re mara fo.voureci in Dos aow1l:lge ani ale 0 in long 

dur tiD!) cult1":lI1!l. '::.'1111 :<[1, :" .f,WP. a.':Ii i...A;, were reo.;rded 

more in ahort durat 100 clll tiva1"8 I'UId ale 0 in n, sClW1ng8 

wl:Jererul the !:It', \"I'C1S aiGJll1'lcnntly los 1.n 11:::> 80Wtngn IUl 

croopal-ed to D2 and ~ C'bo fallen le:l1' weigbt was elso 

:foUlX'l 1:0 be more tn :, eowineo sod lllDo 1.0 lonG durntion 

oulUvare. Ao reef~'( thlt ~e101oe1oal attributeD, the 

photosynthetio rate and obloroJl!:\Vll content were higher 1.n 

D1 OOW1n5I11 as compared to D2 0.00:0,. The D, 1II0w1.ng13 BD4 

lOllS duration oultl"nX'S favoured higher tranep1.ret1on mte 

tban those of otbe r t\'1O. TbI 18 at wa1le r pot aml::.u. &oppe' re4 

to be lOR (more wa~ content) 10 n, eol'l'in6 fU'Id c.l.':> 0 1.0 

lObe dUl:'Ption oultl'Vt1l'So 0an0P7 c1evelo)llllODt was quicker 

1ft both 1ft '1 aow1.Dg8 and Ill.IilO 1b lODe dar cttlon culU'fIU'll. 
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Tlleee 'treads were 1'8:nso'tad in h18her ground COy.rosa ao4 

law eZu'DOUon coefficient (k) oo~ee4 in theoe t1'IO on_e. 

The D\I:lb)r of poc1o per plam waG ~. 1Il001; o1c:;n1:f1.DaDt 

oomprment which deoided the yield. Thi. wao lal'(iOly 1.IlflueDOe4 

by the eow1ne &too. 1!l.e pooled aml1010 J'ev.a1ed that tbe 

HI \7SO neguU.,ely ne.::ocinte~ with yield. 00mp8I'iQg the 

oow1t~p 'r2 recorded the h1{:1lf1llt HI both 10 1;erma of eoersy 

basiS and wlso by nitrog.,lD uUliSation (HHI). The pru"'1.D 

coot..lut mw 101'1 in 11 ~ d bJ..jl in D2 whicb ooiDc14od w11;h 

OO::'1.l",l Gow:l.J.lglJ. "00 .cutr1eme uptdlB wac tOWld to be lIIQ1'e 

OOtl:;. 10 1 OOw:i.rlt; and aleo in long du.::ntion oultivurs. 

l'1'lB atabll1ty eml,ysiB revealed 'ttat 'tibe LIs rEtia 

\'las 110t at all af:fected by f!leruJons wbereu grain yield noo 

D::A were unstt,bJ..e 1~ all tbe cultlftl'8. 'l'he pe.l'BII8tors 

like !LA f pbo'tOfllyntM ti crete !II r un1 t leaf' e..."'C(\ and !lUI'!lber 

of aead per pod vlOre not altered t,y .,a'::1,o ty .~!Xl oeaeon 

(J..tnear) 1ntero.cthnn. \r'tOllC the long dur!.ltlon culUvc".l' 

groupe, "A 1 wn~ nbls to cteb1118e ILl., mrlller of bruocteo, 

:,,1,1, llUDber of :,008 r.nr plnnt, lltlWlor of' seedo p;:' pod and 

1000 grein weight. (·l:lonc the shurt dUl,:::ti® typos, norG 5, 

ahorIed trtiabUity :for pboto133D1ihet10 rat., 1000 grD.1Jl .. i~ 

nnd HI. bee ch:::.roo'tero oontl'tbuted for oOlllp!U'BUnl,y 

higher J1eld 1rl SA 1 aDd co,,(} 5 Na~otift13 1D 111DL aa4 



ehon dQl'GUoa eultiYare O"Ier 4Wereat aowt.Q,p. b 

iIletabUit,y ac grai.D 71eld Wall due to the taot that the t1\U 

was found ttl be unstable OYC r sowing •• 

Oompe.riJ:l{; tba sooiaBs, Dt 801117in6 showed h1gbsr graizI 

productiVity thl1ll thl 0101.81' two. 1'h1s was _iDly Il1On1tore4 

by 10m h13lor aou.ree !'ltrength which WeJ3 decided by the LAI 

!1m photosynthetic rete. :!'hio hiGher aou:me strength 

influenced 101» oink strength oo1n1y through Il1nk 81. in 

ter.ro :·t number of pods per plant. 'tabU1eat1on at source 

atrellgth 'betore fi.owerine rill llnld to 8tabll1eed 71.145 in 

th1s genotype. .':'hl inau:ttioient prodaction of 801.1%'08 81_ 

and IJ'}. 'betore flowering in 1.\~ and n, were the min reMon 

for OOJ!lpaZ'otiYB1y 1~ yield in these two scmingB. 

?hill stuey tOQusea that future orop 1mproftl:8 at in 

p1lJ't onpe [." Bnould be cODOeotr ted io t III follow1nt; linea 

(1) Stabilisation of "fL'.A by otabil1oint; 10m ~i\I oyer 

.owings. 
(2) LA! ooula be stabil:l.ood by stnbll1Sillii the lel.l1' number 

(3) The DI1r.ll:lor of seedo per plnnt ohould be atcble. This 

cao be ach1eYed by the increcaillB tbe nwbor of pod. 

per brooch oYer sow1ng$. 
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(4) IDIwrtte.noe Pl ttem ot pbototl7otheUc colilpooeDt. 

should be studied. 

(5) Stabil1ty analye1B at nUt HI IUId pnin field Dle4e 

turibor stooy Wl4er 41fi'eronl. p:.aot 4e081t1ea cmar 

d1fferen1; 90'40(; antee. 

(6) Thelll studies should be c~d out in collnboraUoo 

with tbe Q8.ronomiot and braedertl who al1l 10terellted 

in increo:.;i!l(; the p::oducti vity ot p1S!t0apee.. 



ACKNOWLEDGEMENT 



I hulll.blJ express my deep senae of grat itude and 

sincere thanks to ::>r. N.Natara3aratnaa, ::lla1.r'llan aDd Professor 

and Uead, Departlllllnt ef :)rop Pby8l010Q' for hl. abla aDd 

lqpirlrlg guidance dur1.llg thl course of experimentatloll. 

M.v It 'art felt thome art abo due to his leaen lnterest 1n the 

prt3~t1OD of tile UDUaoript. Th1a thesis would not him! 

Hen the l1gbt of the d&7 but for the Professor's SUBta1lted 

int.rest and eDOouragment. 

;11 sil'lC!!re thtlnlta (lrc ... Be dua to Dr. M.Mooaa :;herUf, 

!\l.'Il:1oclate Profol:1l!lO%' of Crop !bysl01oQ. '::. T.:::.Man1ckalll.e 

Professor ot 'lJU seieQC; and Dr. sp.Palania,pan. Professor 

and H,3<ld. 'lep::lrt~nt at ',~, IIIJllIbers ot the Adv1lJer,y 

OOmmittee tor ehowinc keen lnterJst 1n the study aDd for 

g1Ving sustained oncoursJanant from time to t1lll0. 

I 81nc\3%';)11 thank Dr. I(. S.Annappan fOftler Professor 

(PUlaes) tor providinG tna seed .terial. 

_ s1ncore tt18uka arz du,,, to !1r. P.Slvaoubro_n1an. 

Deputy Re,~1atrnr tor his help rcDderoo durinG tbn partod of 

thie studY. 

'" profOtmd t!:l8nke are due to Mr. '. Sbanmug8 sUDda1'llll, 

Itt. P.:lIaIllU and Mr. p,,"~ureoh. :>e~:rtment o! Agr10ultural 

StatUt108 for t!,e balp rendered in tho atat1sUca1 analysia. 



M.J 81Doero thtmlta are due to Mr. E.M.Smdaralll and 

O.RajendraD. Assistant rote8Sors, epartllleDt of '1rop 

Pb7aiology, Dr. I.VBtIOllCStlludi. Asa18tant Professor of 

Seed Teemology tor tuG help rGnderad dur1Dg the preparation 

ot the tl ell 18 • 

I Sincerely thank !.!r. 0. "ubral5lnian and Miss L.JeevB 

.lothi, P08tgrau ootc stUdents 1D the :acUl ty of Hort1ouJ. ture 

for the belp ~~odered (:ur ing the p::' Jp;:!l'·1t ion o! the 

_noecript. 

1'he award of senior Resaarch Fellowship by lDiillll 

Oouaoil of Aericulturnl Reseu!'oh 1rJ gratefully acmowledged. 

1 t::.k" t~s O);)Ol'tUDlty to thilOk: t"z Bt ... !! and 

colleagues of :;rop m:i,J'a101OGY epclrtmcnt as WIlU os otb€U.' 

J)'c:;1lrtments for extcn<l1l'lG all the fJollUioa lind the Bad.tame 

for the study. 

I 'W1ah to expJ:'lcail my t 1lnkn to Mr. ;,.Balol'lubrallllluian 

for his Deat execution of 1yping. 



REFERENCES 



AJd.Dola, 1.0. and P.C. Wh111elllllJh 19'74. ApDOlll1o etu41e. 
011 pipODpGo. (<zti' ... ~ (1) lI.U18p.) I. Field 
~8~ to BOW EP ~. i.. Ama,. llI.. 
iii' 45-56. 



AraoD.Jfll.01l8. 195,. lfaUoml IJId.s o~ A.U:toultural %1e14 Bsl»r1-
aenta Went BenSel, 141 146-148. 

~-. 1969. %nternattol.llll RUe F ... nroll InotU"",, 
lltd.ll1ppiDtB. Almw D1port. 

AAoOI'1II0"~" '91.. ICP.!SAT. AmrIaal .port 19U-14. 
ICIngAT, B,y4a:rabe.4. India. 

Ano.rvmo_. 1m. IarrSAT Almunl !1aport 1975-16. 
tonSA'.!!, B,y4el'8'ba4, India. 

An0J:l11llOua. 1971. IC1lISAT Almual rapon 1976-17, 
IC},ISAT, Hy4eroba4, India. 



Battke1"t'Ul.e. G.t. Ibd 1'. lb1n. 1'369. :apid eo,1me.Ucm o~ 
lleeli aooUllll1l.aUoo ~l'OIl -xi.... a.a4 &I at .... 
tempara1ure.. :\JF1W ~I 51400517. 

lleobar, A.:B.L. am P.lt. '118=. 1972. Oo~lat1.on studle., 
in l\1'bar. i.l'fm.~. i.. :' 58. 

Bhowmik. Wolf., N. Ghosh, P. 0b0U11b.ur7 and R. Baau. 196,. 
Bfteot Ott irr1lntlon Md phoapbozUa grow1h aod 
11814 Ott pipoopea. laIU.M AsQCNltF1pt il' 
}4,.347. 



BawQ, 1.0. 196,_ 1'..tu .. UOIl8 iaYolT1llC 1Mb_at .le_ata • 
.&rIL. C· .&.a Phv!We, U' 9,..,06. 

Brown. J .c. 'm. l'tuto101QgJ of ~ tolel'8.DClll to alJral1ae 
aoSh. 1'.111 (frop tol.ereooe ",0 .~ o~l LaD4 
OOD41ti0D8 (e4. G.A. J\UII.) • .m. 8oc. ~. 
pp. 25'1-276. 



Obaubiul, Y.S., J. Ve~t:u'ru!lE\n BOO A.I:" :1bIldrallri. 1984. 
~OOOll p18sOGps .... a QI'W oroW1Qg OY9~em. 
IptermAAoool M.e9AA'r!; lifiIlet'er~. 2'1-28. 

alta, F..n. 1926. The .u.ot of 1il'OQ8p~tiOl1 ant'! eO'Vl:ron­
_lIt&l hotoro on leaf temperatun. t. 'h'nMpf,rlltioc. 
sa- i.. Iat- ~, 194-230. 

Cbf.-oIm WaDe. 1979. !Cteot. r4 aoc...w.aU .. temperature 
10 _ S1'Q\vth aod U_ Of n"""r1ng Of piponpea. 
I. "l:ff80t8 of accUlll.UlaU ... telllJ4X1.lhre on ,be 
altitu4. &4e.pt1OG :1)4 yield potential of JiiSOonpea 
(CbJJ:lesc). .is..~. ii' 109-115. 



Dan1, G.R. 1979. VnriabUlt1 IIld aAeom.aUon bet_OD 7Se14 
&!iI ~ld OOIllPODItala in I'iGenn;ee. l;pd1au"i. 1Ii'il. 
JU. £if 5v7-'?10. 

·De",-,. P.C. and ;,raU4eb. 1910. Flo:r.al 1)101067 and OrLiapue 
JIIJ.Ig_. _vor bicolar. AJ.U.. JlQ1. ~. ~. ~i 
~4'. 

Deebpaade. & and J.D. :llmbeU:e.r. 1931. l'hotol'!TDtheBla aJId 
lIUtrient le>vo:le in seneaoent lenvelil of p:1l;eonpen. 
~ i.. ~ Ph.w1pl. iii' '45-:551. 

Deabj)Wl(lO, ::.G. ood J.D. N1r'llIeJ.1er. 1982. ~",('t ~ Galt 
1IIT;l.'eIl:'l on tn'lll'.l),oo,.t',on of phot<'~18tetl il~ 
pigeolljlJa.. l.iiQ1 JIIai. ~ ~. 129-'i}2. 

*DeriAtUZt lit. 1969. SilIl!7 _out the fomatio.a O1'ld evolution 
of the I'JIL40 ct l'i<.,"'lIOlljlHl. ~'~,.fi.~. 
S. ,t 204-207. 

Der1.n., M. 1971. lin l@'pt'R!S.lgrkMeR sa ~ "i'PI' 1,..' G, .ram1'U~t ,,; .• "'. 



1.):)Mld. c ••• 1962. Ill .. 81'Oh of fiell1. i· 1IJII1. lIil. 
JIIIla. ta· S2' 111-176. 

n.bD. A.D. atJd Ii.}). De"'. 1913'. ,Ueool .. 1011 of 
paiD ,s.eu and otiJel' eOOGOldo Clbare.o_re 1tJ pic.OIIpea. 
i. • • ,."......" 1IDa.. If.Ql1. ill 86. 



l1Jreb1ap, 3.S., T.ll. I'balb aid T.G. 1Iu8aD ... t9S,. 
001'NlaHoa aad path ooeft1a1e1lt asalJaia ill ...... 
aDd Jli8lOApee. ClOWIl ill ilftal"04'Oppiag .. at ••• 
!ebe""'"FJ ca· aa· i.- a. 45-41. 

:spneln. J. 19T2. Miatznl JiRltrUloD of pla.ob. PJ1JIe1.ple. 
- poraJUot1.,.a. 30lm W1l81 aac! Bone, lew Tolk. 

~8IIB, G.O. 1972. 1't8 qaantlbU.,. aoal,r.t. at plaDt 
pcmth. Blackwell Sot.milic pulaUoaUona. 
OIford. 



Geiser, r",p.. 1m. Culd~l of ~ aod .lI;pOri fit 
OSftOO in tbe leay.. at" hiabo r plante. 12l''-' W' 191-201. 

GilJllu •• E,C. 812dl."_ llD&IU'. 1958. De,,' uatt for .. 8IJIlr1lll 
_1Iurit,. ill cor. .Ami. I.. ~ 611 .. 615. 

·OWIJOl'I', :P.G. 19'8. Ph,ya101ogioal OOtlfU,UoaI 1» euoulllbu' 
bou8ee. AlmUlEll Repen. h:PerlmlD't1J. l'iII8efl.11lh 
~t1OQ, ~abwtt. PPo 19-~. 



*Bol8a, £.111. 0lIl a.w. Robe...., •• 1959. Baat 1ID1t. 1a4 
orol) ~1h.l!a1.I. 1111. ~. £1M. ~I '_'!h 

.aw-., A..P. '959. !mota at 1he env11'oIJrAeDi at on leat 
<te,.lQPlllJdI f:n ffi!ftr' am.a._ n.e. J" LinD. 
Soc. (Bot) ai' - • 

B~., A,,:P. 1.\114 P.R. l'ae1l8D. 1961. Growth ~a 
~q.nt ~ lIlnoa1is. l,. Ae»1. ~. " 



1hIIbe., G., .r .l>.Jl. Jr8uU.Q8e _ ad. Ioft1l. t 961. ft8t0llpea - • ___ GIll G:Li: 1'.I'lU.4a4, w... luU •• U • 
...... ,....pUOD llu4 atiO!l fit ~1«r J'tMl!A'tiOD • 
.tal • .!sUo ~J 191-199. 

lflalIIu'i.a, '3.c. '956. 'ItIII1'!ll oc~. aDII.~. IDa ""'1'12 _thode at plaut analpt8 (Paeoh. K. M4 
'1'l'eoIt1. It. O. ec1B.) J.. 502 • 

~. R. 1978. Plnnt SX'Owth ~.. ~ Amo14, 
LoD4O!1. 

I.1.'1IIIr:rI7. R. Cl4 :. Ri •• J"fk 1.18). iiulll::i.m upteke alld 4q 
_Hel' 8CC1IIIPlatiID '" IDteoalft~ aaDa6e4 pisltoapeae 
po_ em. CozoMl 01., - AD ulUeol. 1. ~. lIDtl. "'$ JIa.. £1. 1a8-196. 

x..ueo, V. 1976. PbotQperto6Lo atu4V OD p~.,.a. .. a.. • .MI.i&' Z. 1,. 



lea Sho1'IUh ,_. Studtsa ill .. _* va.nallSUV tor 11>_ 
q.-nt1tatt·,. obar"'1'8 10 Jd.8ItOQplta. ~ 
l?IIU. i.. m. 1"-'48. 

las Bl:lImiD. '98$. a..,~ "tIILr1IIMl1W tor IICD ~ua&lUtaUw 
~1't!I1D Pi8tonpee.. JptU",pnpl !! .... 
1.aIJt»S i' '''''5. 



lou.ut.L!t!!.LChW. ,..., _ 1.1.. ~. 1982. ~~1lUal 
~ at p.l.u~ powtb. _~. 92. 287-296. -" ..... H.G. 1983. Plan_ aD4 .uIOOlSllatel 'Juall'taU .... 
appnMb .0 ~DW plan' ptqal. OQ. Camb1'Uea 
UJIlftrld.tl :P:re •• O~. 

Joeb1, 5.1'. 1m. Tarl.ab1U.t7 _ oon.lat.ca nua. .. 1D 
pl.ceoapen. 1IIiU.IIIIiII.. L. iQ' .'2-414. 

Joel:d.. S. a.tld .T .D. liS.] Fr. 1984. sal.1D1~7 aftect. OD 
JIboV811lb8. aJl!Dbot0:I'",!rEltiOll lJ2 2N, • 
.I.f:IUil {L.) -tp~-.\i' 128-'". 

lw:te. G.A. 19'1S. (J!4.) Crop toleJ'8D08 to .w.ptillal 1_ 
OOnl!1111008 AD. 800. Acrcn. Ma41eDn. 'II. USA. 

KaJr.4e, J.B. 'M. ~tureJ. ouaatolOQ. ""%'Opo11_ 
:Book 00., M. L .... )Je" Delhi. 

Ear, !I. and D. ~. 1m. JI2:o1Iea8a IIOU.,1t, 4U.rinB ZS08 
14at ....... JUl. Z6M1U' )65-)69. 



_. D.~. 1979. !I'ood les-e. Omp 8111 Pro4ue" ...... ,. 
bop1oal pro4llC'. Irani ...... r..4oD. 

__ 4e. Ed. 198). 3ftItet r:tIt 8CIItiD8 Da._ e.ad Patte~ .. 
pSseOilpea 11e 14. 1D 'h. ~ H!lIIOD. 

tate •• tooeJ Pie,. IInltnar " )2. 

Keattnaa. J.D.H. eLl(! G. ~. 196'. P:Latonpea .. a b7 
.. aeon Ol'Op in Tl'f..iiUa4 ,''en lDdilis. I. Yield ail4 
IU14 ooJl))Oll8d11a. .bU. AIDa- a •• 5-51 • 

• It. •• , z. 1984. tmpt .... ut of barft81I 1D6nt. Irat 
Uf:te1e.ctcy 1D pla.ctt BI'H41ag (.ds. 1'i. :r..a... A.C. !efta 
Md If.G. ~) EOOARPXl. I7~Q. '.I!Ia 
Be'berlllD48, PUdoc. W~oa. 



~ ... n. auu1 w.n. 0baaQ. 1918. 'l!ie eU", r4. 
eqblo_ aa •• JbnOllJ'll1btIl1., blmepUaU" 
IUJd nark zoeaplftuoa of •• _4 .u"u maple 1e..... Ph:ri!ip1. UIal. tat a1-236. 

LerGher. w. 1990. Pb,JII101~ al. plaat .0010f:l7. Spd,qaz­
"'r1Ag hl'liD. 

Lam, 'i.I. aDd :D.B. Byth. 1m. BIt.poD. of .Q,.l'G8 to 
plaDU,1l6 taw 111 ~"'C"":rD QaMaalaD4. 1. :tarlllUOe 
at plIotopc z:liX! a3\ ~1'\lw 011 ~ ~el.~'al 
plttt'.rm. .AIIU.. l. • .IIdI. ..... ii' .'PM60. 

Lan, R.I. and 1',.::. Dr1h. tm. ; •• paGGII. Q~ .,,-.s '0 
planUD& 4a:~ n. V .. tnt ..... n~ •• 
... l,-D'. ~. L· MIla ..... A' """.".,. 



r..s.ar:tc. G.B. 8D4 !.r.. w~.I'. 1966. QQol1pe aDd .~ 
iIne .... s. •• tJlCla 7I8ll. _at .... .a.1I' e,ppUa~OD ., eo._ ~ ~ .. .fIIIIlL. L. ~. 
~. aa )Q6.",. 

l'MI7. O.B •• N.J. BoaeUoUlht A.L • ........ II! :a..r • .Baatal. '95'. 
l'rNltl _aw.n_m dh loUD ...... L. JUl-.. ·m·~· 





M\1Ir81rar A.II. aM D.P. JhI1eI. 1914. Ooft'elaUcm "1liiie_ 111 

~~~~~~ hDf ... a1Ia (L.). 

_s, A.It. &04 R. AU-. '9'11. IItbel'1t ... flit .~ 
quamUaU,.. CIhal'aotere ill pipfHQlellh i.- AidI,. 
llIU" MDl,a&a. 'Sf 22-4'_ -





pandey,n.lt., M.e.saxe,,:.!, M.H.Xalubar.o, ¥.,B.:::iI!s'b am 
V. ';'. ".S • .Pr;';3'1:. 1376. C;9I:1Ot11>1o Y!lrlaUollB f.L 
photo81Dtnettc r3te !lI!d respirutary los3vs 1D some 
g:'::l1ll legam9:l. 1!l!!n! U2Q'he!. i. ~, 72-80. 

P"DI!Io'i.G. E-lld p.V.Sakh3tlJ.:l. 1961. ::>tu'ist1c.ll 1l1·~thod8 
for Agriculturol warltten. lOiIR. New Delhi. 



PromUa. K. ... S. B.UIIbr. 1982. -me" of .alinity OD 
nowrJ..D,g aD. ,yield Obar __ r. 1D p~01lPIJa. 
~ i.. lJM1 ,PhQ&pl. ia' 252-251. 

Patbak. fid. 1970. ~nt4 Cb't'UD- IDa Pul8ea orop o~ IDlU.a 
(ed. P. traohZ'Oo), IOAE. ... _lhi. 

Raobie. K.O. lUX! L.M. Fot.rta. 1974. Gwen l.-a of 
the 1 .. laftd tzopioe. JI::L. MDI,. ii' 1-,,2. 

BaUo1'4, . J. 1961. G~ .. ),yd. fbl'lllUlaUon, 
tbt1r ... a.ad ..... ma Ial· Z. ''11·'75. 





1'IaO, M.R. lUd x.' • Willet. 1980. l'al.1miJJlry nua:s.. 1» 
tatOX'OlOpp1ne coiDbinntiollll tGllt 1Ineroroppin£ 
baaed on ll18eOtlpea or eorghUrs ..... .:J.ida. 
lit 1()t")'OoH6~ 

·Pe&taIII.lr\. 2.A.P. lie (17)5). o_rrntlQG8 41'. thel'tllOllllt.1"8, 
ra111 •• t\ Paris Jlddam 1 t .... 11'5. OOl'lSparH. 
8ft.ooles qui oat ... taf.tea 80WI le. ligul. 
a Uo_ ae Frtm., a Al&er .t en q~l q. __ 
t1De1lI 4G JlQ8 iIlIle. de. I • ..-.:ci.q'.h 1'a%1.8 
.moire. Aoad. 801. in .... 1"8olepooJ. IIIODOp'Ilpbe. 
:!leGem atwU •• in lI1oclillatolog 2, 1.,. 
I.-noal .. _orolop,al aoc1et7 (19S4). 



R·h~.OIl~~~~ ~C~::a~'=t~'~ =~: 
lJ..:;h 11 1ato loa pU on 8ft d ~ 4 tit. • pbot opedod 
iDftne1t1'ft l'~GonPlH'. ~ ~ ~. i' 
201-21:;. 

Ji07 ShnrIlIIl., P. "'., 11.0. 'lluIkU:r an4 B.lf. W:lal'lIIIh 1900. 
l'1geoflpeS as a alit crop lfl 1.11 •• Ill. Proo. 
1m. lIOrkBbop on plsaonpu 15-19. ~1'.1'bn 
IOi'.!SAT. B,y4et'aoe.4, 1OO1a. PI" 2G-,u. 

SaDtr.v. p.s.n. :::end Obllae?n.rt.b7. I1.V.K. HS2. &oel'Q 
.uaaation 1fld1oea tetr .meat orap lfl India. 
~. -.w. iZ' 45-48. 

In. l!m.. 



Sbnrma, D. and J .. M. Green. 1m. Pllreptou,... at p1geonpea 
and IC3-rsAT breeding p:rolr_. ID. Proo. Int. 
workshop on groIn legulles. ',..,6, Jeauary 1m. 
IC.'":ISAT. R,yderabad. IDdia p. 19-29. 



Sheldrnklt, It. ". II Iii ,\. Nareyanoo. 1979th ColIIJ!l.r100D CIf 
earlior and late 1'ar_d pod. 1n p1lJt0l1pan. 1aaIl. 
l!21. ~, 459-456. 

SbeldrekD. A. "f t,. Nro:I\YMaD and N. Venlrolnrnman. 1979. 
'l'he effeotc of fiOll8l' reQO.,.,4 on the ... d yield 
of p~ooI:rcn. AWl. ml,. D1Iill. :Us 38:5-'95. 

:::h1bloa, P.':. nod C. r • :.caber. 196::'. Loot nran oolnr rnd1nt1on 
intG~()Pt1~Ll T-n! ~~tter p!'Oductiotl by Soybeans. 
~.2.91.. ilo' ;;75-'.>00. 



Singh, 



Spence. J.L. om '. Fordham. 1973. Grain lJtI~ p:::-ogr 1JIlII 
(eastern Of'.rr1bbe::,.n) 4 ,\ooual I.porta 2V-22. 



Sun.b KlIInr, A., "'.1'. 8441. 1Su3. GeD8'tlc A8soc1e''''o 1tl 
p1Qlonp8a IBjnmUgoo1 iPLj'PRam Ingl,sh£ ~. 26. 

Bado., G. 1974. Solar za41aUotl tor plODS ~0I":t:h. /.- AUl. 
~. JJ.. 617,,",:56. 

Tre1tt, E.G. Md .J.h Spence. 1976. :'he M1c:rollllteOro].OQ f4 
II pi..:,"'COQpa!l £!zUlld. ~ ••• are1 • ll' 205-:,10. 



_"_h. o.n. 1976. 1bI IlUtnti ... Tal.ue of .. ptallOIlpea. 
II" hoO. Joint [.8._ SflIP. oa sral.o ~s-e. 1.0 
0haDa.. lM1i ~ am. ~. BT88. 

ftm !.lord set_r,_ C.R. JIoDaY14 and 1.D. Loptz .. 1984. 
llboto87Dtna" pl!ll"tltion1rlg in pwoapen 1.0 
Bl8poue 110 4doUation aD! llha4lDg. .£Elm. 
Ja. ii' 221-224. 



Ye_~. I. an.1 J ••• GWen. 1m. PUl. Jlb:r.loloc1 
uOUAl l'leport. 19'18-79. I. P1.8tonpea pbJ8101ou, 
lCRISU', India. 

Vemrataroma.n, 'fl. 8Dd A.B. l!Ibe1.4ftl1t. 198t. hllte Jtqel.Ol.oQ 
progre8S :report 1980-81. Perl I. PiGeOnpea pbyeSolog. 
ICFtSAT. pp. 92. 

s.V., n.B. Bmcal. aal V.A. PaUl. 198). U:teet 0% 
plIftb :.gulaton aal \UCa 1a iiII. pot ...... 1' tit 
Pta-apea. ev. 1(0. 148. Jp1tliM'U.oJj.,. "eRPa' 
I!DlItiu if 39. 

-"OINt, Pd. 196'. vars..t r.l 4S.ft4l1'lUle8G 111 Plait aut. ttoa • 
• 8 ..... · a. 1-". 



Wallta, 

Walli8, 

Walton, 1'.D. 1976. ,~geoeUo awed;\" or b tac1;on _leta 
qo"eUfI"," fara6fl yiAlA! 10 "SrQlllUli 1uoe&1e. ;.. 
iU-~._j;i. ZZ· "',....,. 



i'l1l1lac-n. i';;. l:.I~;. ,I'. ',,"~n(l.e;i1Oe or tift NlIC1JIilatiOJl __ -
in le::d' !:Iron 104ez. AIIl. llU.. ill' "'..-54. 

YUla7. K.W., M.R. RaG and M. Netar~ao. 1980. TrnUUoD&l. 
oroppint; ~"·.'f'1 wHj~ p~"JOn •• B ane \1»11' i.Ilp1'O"'I>lAtDt. 
Ill' ~ • .I.ID.. W@iPI- ... ,. Vol. 1. 15-19. 
": .. ".~.-YO'3!:~;4i"fi't ~ a. pp. ,.25. 

W1ll11!JU, C;1I. t>~!! X.T • .To_ph. 1910. CliIate, 8011 _ 
C vI' pro<lU«tt! 0.':1 {12 b RIIdd ~l'OP£;,r.I. Kuala LtIapQr, 
Oxforc ZJn1'1eraiv mae, s~(). 



YoshidG, S., D.f,. Forno. J.n. Cock and K.A. GolDa •• 1911. 
Lubo~ to:cy oonml for pbym.olog1cel .~.o. 
rr.rI. Philippine •• 

* OriGinal not ... .0. 



APPENDICES 



\ ~;g=l ... ... ... .. ... .. 
,t I ..... ~ ~ I ~ ..:- "" , ,f:J .,.. .. 
I~_: 

... .. .. .. 
0 .. r-

1..'\ "" 18'" I C"~ 

I .8 .... ~1 
.. .. .. .... ... 

...... I t ~~' .". N ... .. ... 0 
1', 

1l5!=1 11 C\I (\l '" .. ... ... ... .. 0-
r,~ • I ~. 

• 
! 1 ¥:::l ~ m ~ I:' 

'1CI 
(; 

::l • ::s ~ , i ~ ~ ... I ~ t.ilt~1 IN N N S ... ... .. .. 
3 i ~ ~I · \~ (T\ "" • 

• '3 ; ~ ,.'"1 '" 
..., ~, 

:rJ F5 
.... ;... ; 

(",' '" t" .' 
~ I ;"i .... ... 
5;1 

f..I • ", • 
.... i '" ~;:I ~ '" r- .. t') 

l~ , '<t '<t II t> 

l;' .;! 
.... 

i" ('': r.,; t\l t ~~ 

'0 ... ... ... " ; c:. c; 

't:j t'- ". ~ 

\1 ~:~ ~, <!" ~ 
Q ... 

1:1 ... - ~ 
N ". t\l "" .-l 

0 ,->, ~ .. .. ~, 

:J 
!:"'J t'l 

I <:J .~ 
,., i::1 

1 t:\ ... 
t< liZ' N N '" 

:j; • 
l:! If{. I '"' ll<. 

n N N ('j ~ r~ -, ... ,<4 

"1 
... 

• I b I" -... ' ... b :e :;-~~ ... .. 
" ~ ... IS; !'"::1 .-, N 
."l ,- eJ 0 
III I 

... .,.. ... (.:_ 
[., 

Ii 
l 
I V\ W "'" llr., 

"t "'" 11'1 

l~ 1 
! 

'(1) ",!,:l ... .... .. 
I~ ... ... ... 
It 

, 

~i ~ "" ro-

IS 
,(\ ""' 

• .. .. .. ., :r: ... ... .. 
lH 
0 0 0 0 

,fi ... C\I n 

!I 





~"!";"t~'1 "t",;q~~~ 
~~g:~~:o ~f;\&l'oi~g 

OIt\t.)CI\I"'\t­• • • • • • 1"'\",,,,,,,1"'\'" ............... 

i:r . ..., ... 
N 



t 

t 
I 

• .. 

J!! 
J!I 

If' '1:1" !!II 0\ (\I e:! • • • • • • 
"'" WIt .". .. \0 I.'" 

Itt'" 

i2-...... .. 
CIt 

\!" 1<\ 1<\ 0 \D ... • • • • • • e:!(I)\O ... l'f'\1<\ ........ 

1."\0 I<\N 0.:­• • • • • • coroI..OOtt"\J'() ........ 

I!'INOOOO • • • • • • Ol:'-"'(»"N ..... 

IIIItl 

~'tC!~c::q 
.",1<\000\ 

I 

I 
I 

I 
'tt'I' 

2 I 
In" 

In " t., 
,? "§ ~ 
I:) 1:)::;' 



:mll\ .. O.t:"I 

!~';~~",J 
·00(%)0 .... 0 ,...... .. .... .. 
, 
I I '" to- I!I • co- 11\ 

!
c)o~c!~.: 
.. CQ ...... C\lN , , 

10 ro '" to- 0 ro 
! • • • • • • ,CO- ID ID to- C!) c0-

I 

f 
, 

til .. .. 
11\" .. " ., 

'" I:!I 0") 
I:) .. 

B gg~ 
c:: q 

g~~ 

1r, ,~ I!I ;; 

... 
0 .... 
N .... 

11"1 ...... ~ 
II"I~ ~ I:) (;, .. 

p.,~.:l1! g g I:> ('.) Po 

l~ .. .. 

q,,:~~9.~ 
O"'COI<'IN" .. .... .... 

" 2 ..... 
U\ .... " 

lAd! t!J ... 
!IS "7 ~ S 

go~OPo~ 

; .... 
(f. 4' 1 ..... .. 



• \0 

... nIiiO\('l\'It t 1"'0\2~'ltt-
• • • • • • ....... 00 ...... 

! 

t! & S ~H'(~ fn 
• • • • • • ........ CUN .... 

~$~~IO'~ . . . . . . 
000000 

f~ ...... .. ... 

~~! • • • ......... 
1<\\01'"1 I'"It-LI'I 
• • • ... ..... 

~~~;t~!Q • • • • • • 00000 0 



..... ... 
I .. 
i 
• N 

IS 
o 
"" 

~~~"'t~~ 

~!i~si ..,. "i~t 

If\Otr\oc:oc:o • • • • • • 
~o~~lRt'-

I ,:;. ~ o· ..,...,. ~ 
,"" ......... N 0-

f 

O«lN"'If\O\ 

!~§ ~!e 



..... 
(II I. 

o 

.!5 

• IX) 

j 

1 

! , 
Iii 

lR~81~~ • • • • • • ... (IIC'>I_ ... N 

~~:;.~I~ 
• • • • • • ................ 



b ..... 
;; 

to i! k:i t fD t\ • • • • • • INNN INNIN 



I 

In 0\8 U\ ~ ~ ; 
lO ~"'Q')"" • • • • • • ClOOCOO 

f~ .. .. 



• -... 
i • 

1 

I 
~ ,"-"'~A.W."''''_'''I .. ~1f!. '".K; ... ..:M'~1JUCIIM~ ~~. ",.....,. 

I 

\ 

\ 



8 ... 
1t 

i 
! 
J 
i 
R 
i a 
• 
~ ... ., 

i i :: 
8 

b ._. .. 
lit 



• 1<\ ... 

I II 
I i :il~~f!~~ 

(\IIIIN"'1<\1<\ 

::t If 1 U'I r- ... en 1':'1 m .. CIJ ~ I!'> 0'1 '" 11\ 'I!! ... (0 0 '-; ~ ~ "; a: a: ~ ~ • ul 9; "; "t ~ ~ "! ~ ~ 
NNIIINNN NN"''''NN NNNNNN 



J il~ft~~~ ",~ .. fS\OCI\ Iiq~I!Vi'i 
til .. CO 0"'0 • •••• ............. ::2fn co =: ~t:J~:' 

alf 
~J ttrJ:~~~~ ~~~~~~ ~~~~~~ · . . . .. . ..... CO"'''COt--co COCOtllil''''''' O\C)"' .... e--o 

I if I I 
.. .. 

.1 ! 
I~ i P.'~8~$ :s!St~~;; ~~~lRtt~ • • • • • • • • • • • • • • • • • • .... CO ...... COII'-II) 11'1 COCl\II'\\O II'- 11'- .. "'11'-"'\0 

i t:l I , 
p'1 

. 
I 

lP I l!: ..... , ...... 
19j'~~~FJ&' 0 il~ tifn:;~~~ f&O\l~";:: .... , . . . . . . • • • • • • • '1 • • • • .... jQ311'-Q311'-II)(),) \1)0\11'-.,11'- .... 1"-",,\1)11'-1"-1"-

;"J r' lot .. g 
il: 
I 

$"~t:!:~~ 1;; ~ ~~8'&~;; \010", ... ", .. 

a • • • • • • • • • • • • • • •• • II)CD\I)Il)Il)CI\ ","N"'O\'" ",\1)",11'\"'''' .. ......... .. 
• ..,. .. 

19~8::~ ~ ~ 
~~;;~~, ~,:!:g!Si~ 
• •••• · . . . .. . ... . ... 

~ "'~QQ"O t"-iI\.;o..o:-.o 0 .. 0 .. 00\ ....... .. ... .. ...... 
• .. .. 

2 ... S lot 2 .. :;::- 2 .. ';: 
! "' .... '" WI .... '" "' ..... " ,.... 

WI fIllIJJt\ .. 

i "'alll~Cc~" g~~~~~ "'!!ii~lIl" 8g~6~~ 8 ~oS!~ 

• l= ..... ~ ~~ ~? III ... t .. 
til IN 



, 
I §~i~2~ ~~I~~r: ~!fll;~ ........... • • • • • • •• .. .. p 

000000 000000 o • • • • • 00000 

a, g;~~g~ ~~q~~~ rus N §"'; 
~ .. en ....... If\IAI cd .... • • • • • • 

! 11\1 000000 000000 00000 

I 

il • 
! °i~~~s §~~~l~ s;;I;!~ ;:: ......... 
III • • • • • • • • • • • • III!~ 000000 000000 ':':&000 

i ..... 

l : ; ~ r:Nt-"ItlNt-- ~t~::~'i "'~~,;;! ... Il\N"ItN'" 
~ • • • • • • • • • • • •• ••• til .............. .... ......... 0 ... ..... ~ .. ,... ... 
a 
III 

" i ~ ~~&l~~~ ~\!~,i\~ "' ...... t\ ... ~ 
• •• •• ~"t~ .1 

.. N ............ .............. ... ................. 
• If\ ... 
~ 
i ~ ~;~~~~ ~8~~S8 ~ro8i~J: c ... • • • • • • • • • • • • • • • • • • 

NC>lCII ... ('.Il:\! N(\j ....... C>I "' .... (\$ .......... 

I 
.::t 2 .. i .. 

0 A ... ~ til ....... 
"' .... ';R "' ..... "' ..... '" 11\111)0 ... 1t\~Q)1 .. 1t\5C/)~ .. mA:lU) 86~o~~ Sri B~i! 8omo~t8 

1'1 tt: f! f~ "1 I! ..... ... ;; ;; 
III 



J 

. 
\I) ... 

00\""11\0>01 • • • • • • 
N"" .. tr\"' ..... .............. ... 

\0 ° 0\0'\..0 C'­• • • • • • 
N ~ '" L<'\ -.t -.t ................. 

-.tNII\N ... m · . . .. . . 
N '" ... tJ'\ n '<l' ........ ~- ........... 

tnmntntJ'\O • • • • • • o (') ,~ .... n N .... ... 
",1."'00'\ ... 0 . . . " . . 
..,. "'t L'" ..,. '" L'" 



I ,,!t;~~~"': q~qqqq qqqqq~ 
lC~I:~~§ lB~~~&H8 ti~i:~¥ 

~J """''''1<'\1:\0 000000 qqqqqq • • • • • • iSJt I:;!t¥.t~~ 
. . . . .. . 
~ ;+; if' ;:. ~ t:: ~t;":fa~f2 I:\l ....... 

1 
1 II' 

GI .. 1 
~ 

U\IDC!)."'t-- qqq~qq 000000 · . . " . . • • • • • • ~(I it!SSt;l~ $~~~~m $~!:i@}e.9' ......... 
.. , I 

...... SI ... ...... 1 
~ Jt~ C!)IDOO.q.t-- qqqqqq 000000 • • • • • • • • • • • . 
'" ~0\~8~?S C3g::8~ro lSG::g~~$ ... 

~ I I 
... .... 

• 
i , 
..... I I is • 

I~ ..... " .. '\ N <:) In 0 qqqqqq 000000 • • • • • • • • • • • • 1:,!&$8fOf! ;:~~~~p ~~u:i~~lR "" .. 
<l> 

I~ 
... a 

000000 q~qqqq o:w:a;~~",; . . . .. . . 
\':;Nt."\Nr,'~? ~~~~~~ ~~:n;;~;:!;~ ..,. In ..,. • 1."\ 1.'"\ 

ft g .. S ",.. 

£ ' i 
2 .. -::- ....... 

"' ..... ~ "'''-)it, "' ...... " 
U\ C') ~') 8 .. '" ~ L'l ~ ... "'2~a~ ... 

B 8B~a~1:J 8o~S~~ g8~6~~ 

11 ~~ f~ i.e J! ... ... N N til 



i .. .. 
~ 

~~g;Sl:)~ ~~~~.r;~ 
000':";': coo ......... 

~~~gr~~ ::~~~~n~ 
000000 000000 

I 

I 
1Cr.:2~~~ I 

~;8=:= t)~tJo6o 
I • • • •• •••••• I 
000000 000000 

•• ~:!lR~ ~N~~~~ I 
Sg!CSO! S88SSS 
• • • • •• •••••• 000000 000000 



~lBtR~C'4Cl 
1 .. ~t:~SS 
I • • • • • • 000000 
! 

IR~;(~~~ 
~lQ~fJ~lQ , . . . . . . 

1°0000';) 

I 

~~~~u HHU 't 
000000 000000 

~~~~g~ ~~~~~~ • • • • •• •••••• 000000 000000 

~~~I~I ~E~!~§ 
• • • • •• •••••• oCOooo 000000 

~~~~~~ .. . . . . . 
000000 

~ .. 
N 



!~ ....... .. 
N 

~~~:;&~ 
• • • • • • .. C ............ 



11,1: Hun ~~§~~i ~ijHU \ I ~ j ...... St! 0 0 0 0 0 0 
• • • • • • 000000 000000 

I I' = .. i6~ ~~~~I~ §ii~~~ ~i"'~~~ 1-,,,,) 
1l1~:1I~ , S~ So . . . . . . • • • • • • • • • • • • 

000000 000000 000000 

It- I e t: 0 00 0 j"!1lI 1 .. ~,"," ... i('J gi&~~S i~&1~il 
~ ~I S'88~~1S 8 :lSg~ 8 888S 
I :. llt\~ I dod 0 0 d • • • • • • • • • • • • 

,... 000000 000000 

.. I!! I I 
~ 

1,10 
'I:f 

g200&~ ~:~~~~ ~i~&i?~ · .... 1.,11'\ Il)l!RiCl"- ~s:;~;: 
'.., I ~~ ~ 

................. ............... . . . . . . • • • • • • • • • • • • 
• 

II; 
1000000 000000 000000 

to 
-.; 

I 
~ ! 5t§s~~§\ p; 1200~~& ~2S&~i 
• (a~~. .... ............... :!~s~~ .. s ............ j 

N • • • • • • · . . . . . • • • • • • 
000000 000000 000000 

II) i 
~ 

I 

" 

j 
... .. ... 

g .. -::: 2 .. -::: 2 ..... 
", .. ::;; 

"' .... ." "' .... ." II" 

It\C!I~e;:r." 
It\C!ltI)l':II rIl '' It\C!'It~S .. ... gj~~~;Ji o~~'"'~~ 

8 g ~ jl, 15 ,; i! 8 ~.) t:> 0 00 oPo« 
o :=: v ~ 

.. Ii ,~ !&- i"" 
I! 

, .... . .... .£ .. .. .. N IN 
N 



I C'J r- Cl '" \I) 0 

\

I!\..,. ... II"IIDO 

I 
! 

• • • • • • ................ 
$~9.\I)~~ ",..,.;;t\:[...,...,. 
• • • • • • 000 000 

~~~li~~ • • • • • • 0000 00 

i 
\ 

~~~~~~ 1· oocccc 

I 
I 



5 
.. 

g ... ,;:, 
l 

11\ ...... ..0 
r<"\ 

1.,"\ t!I ;;;l 0 ... .. 
~ = ~ sx: ~ '" <:) g ;::, 
I:) I:) 0' 0, 

,~ 

J i i:!-I!l ..... .. 
fII 

t:~f:~~;; . . . . . . 
1'.11'.1 ... "' ...... 

~S$2;:~ • • • • • • 0 ... 0000 

... 
C' ....... 
IN ..... 

II\ ...... <;R 
It\OInr!l .. 
o II! ~ ~ ~ ~ ooooA. 

f~ ... 
N 

~ro~:~~ • • • • • • ............. .. 

i:~~~~ • • • • • • 000000 

... o • 
til ...... "' ...... ,_ 

It\~tI'Ia ... 
o,_~~:3~ 
I:) 1:)::> 0 Poi 

f~ 
t .... .. 

IN 



0\ C'I 1'1' ... 0\ ... • • • • • • 
S\S~~$; ............... 



~~~~~§ 
• • • • • • 000000 

I 
I 

~~~~~ij ~~~~l~ \ 
000000 000000 

! 

~\DII\~~1f'I 
888888 • • • • • • 00000 0 

"'1I\.~"'C'4\ 
§~~8§§! . . . . . . I 
000000 

I 
lii~i§l 

• • • • ~ • ii 

0000 00 \ 

I 



~~S~l2\~ •• \iii N ....... . . , . . . 
OOC'CoCO 

lh""~~~"" "~ .. l(il<\t • • • • • • 000000 

~JX~"""F.:: ..... ~~tP.;t. . . . . . . 
000000 

5!t<'·:'.tt: IIli "" 
It\~~"'';l~ • • • • • • 000000 

~~I'l$$~ 
1D1t\'IV\!t\U'\ • • • • • • 00000 0 



.... 
N 

~ -:; ~ ... ~ C\ c-:; 
:;~;:,~~~ 

\Otr".lf-f"ooo.(IJ\O . . . . . . 
~~;;~\~ 

~~ ... ~ .. \ 
0\';": ~H \ 

j 

\ 
(\j Ci ('I. N \0 (\j 

~~:8~~i 

.... 0\"'\:000'1 

E5!~li~~ ..... .. 



! 
I tr'I 0\ 1<\ 0 0\ .,. 
!O('h('l\lI\l<\tt'I 
~ . . . . . . 1 .... 0 .......... 

~ , 

~~~~~~ 
(\J t"i C'J ~ \C t..."\ 

~!8l8$ 
• • • • • • ..... eN 0'1 ,., ... .. .. 

fi!~t:;~~~ .,.11\.,.0\"'''' .... 

~;;¥l$~~ • • • • • • eCOc,eO 



i 
" .. 
:. 
3 

~t;",:to:~'t 
S&~tliRi\l 

1 ~~q~~~ ~VJ~\O\Ot-

10 O\tOtB8;!' 

I · · · · · . ~~t:i\Ot-t-
1 

I-If\o ..... m 
ItIl(;::l0 \'::l"":'1f\ 

IN':'~;d(\;'! 
t ........... ... 

INCllt;;)NNIb . . . . . . 
0 .. 0 t\:..-j- 1.."'1 

'N..r-O"<t"<t I ('J ('I ... C\ ('rI ~ 

I 
~ 

'''' ........ 8 N 

,
) \D r- 1<, c:: - ... 

• ] 

• • • • • • NNNNtr\r<"\ 

000000 . . . . . . 
~~~~:~ 

000000 • • • • • • 
~IR~~~~ 

... 
N 

000000 • • • • • • 
~~~~~& 

~;;~~~~ 
NNIf'\NNI<"I 



• s 

o I\~ ~ ~ ~ ~ ~ 
U'\ oqooOO 

I 

tv-; 
I.! 
I!I !~ ...... .. 

~~:;;g:~~ 
• • • • • • 000000 

IIiress;;; 
• • • • • • .. P ......... 

'b2S9.;;: . . . ~ . . ................ 

:.~~ .... :R ... ~ ~ . 
000000 

8\~8 :2. • • • • • • 0 ............ 

;~~$t:.$ • • • • • • 000 0 00 



1 
I 
S 

..... .. 
i AI 54 l '!) .. 
'I 

CD ! ! ...... il • ....... 

i ""Q .. '. t 

i ...., 
p 

~ 
0 
11\ 

I 
• ;; 

(I) 

I .... 
! 

~ 

CII =t~iilt ~~t~2~ ;;rJ~~"~ .. • 00000 0 000000 • • • • • • 0000 00 

~ 18~ti8 8gS"S~ ~~~~~~ • • • • • • • • • • • • .. ............ .. 000 .... 0000 00 

~ $~t1D& &1g::~,,~fO 
&\~$~~I 

• o • • • • • • • • • • 000000 
0 0000 000000 

,,~~~~m ~;;;~~~ ~ ~lR~;'~ • • • • • • • • • • • • • • • • • • 
0 00000 000 000 000 000 

.. ... .. 
2 .. -::: 2 .. ~ 2 .. ~ 

11\ ........ '1$\ It\ ..... :~ 
1t'I ...... ~ 

It\g~g~" 
V\~{J)o .. 

11\ i!u~e ,'" .,:; ro ,~) 

< § (" 8 0;" .'.!I ~ 
g~o~~ gt;f;6 ~ :;:.01'4 

S 

i? .. 
CII 



..... .. 
'tQ 
• 
I ._, 
r4 ... 
i 
I 
i 
'&it 

i 
• 
~ 
at 

~ 
t!. 

~ 

I 
...... 
J 
I if II .. .. 
• tQ B J:I 

..... Ii • , 
.:t: • t;; 

0 
It\ 

I 
~ 
!:l 
0 

1~1 I! 

~msm~~ 
000000 

~;;~S8$ 
• • • • • • NI:IIC'oNrt\N 

~~~~t1~ • • • • • • ....... N ... WN 

"'1:'-80\"'.". ..... C)"'(I< 
• • • • • • .... 00 ..... 

... 
~ .. ';:: 

"" ..... ~ 
'" ~ t') ~ ~ ... (; ." 
o'~8,.;)c& (;) 0:7) >. 

~"CO~OI" 
.~~ 1Il~ 
000000 

S;:tfdl&~ 
000&00 

it~S;& 1~~~SC1 
• • • • • • "!':"N"!~ NN .. C\lNN 

I 
~~~ss~ U'\;:1S~~8 
• • • • • ~ .. . . 

............ N ... ... .......... .., 

;gSg;::: 88~::~:: 
• • • • • • • • • • • • 1 

0 .. 00 .... ..... 0 ........ I 

\ 

\ .. t;;;, 
~ .. ~ ~ ..... I • 

It\ .... ,_ "' ..... '" I U'\~mgt.}"" 1t\~~~t1"" 
«:; • ..:I fS8Si6~" goe;~,,).o~ 



,.... .. 
" 

o 
It\ 

0\\0 2 (\I NCI) 

~$~~:O~ . . . . . . 
000000 

~!ii~~ . . . .. . . .................. i~!!'~ • • • • • • ............... 

~iimi~; • • • • • • ................. 

~\I)II'\!O .... II'\ 

e:.:¢i~ .:!)~ . , . . . . 
000000 



j 
1 c 

t\I ... \llOOt,"l 
• • • • • • ~~ .. N ~ ... 11'\ ................... 

011'\"''''''''11'\ • • • • • • NII'\ .... NNII'\ ............... 

t.'" 11'\ '" 11'\ (h co • • • • • • l'-wtAt-.'" ............... 



... 
g~~ 

U\ ...... ~ 

~~8,;~'~ ~~ 
"6:::;0;,,,,,1 

r:~~SlZ!1f • • • • • • 000000 

1<'. .. C". It> 1)'\ 1)'\ 
lI'I '" ...,. • ,.., 1'1"\ -. . . . . . 
000000 

~5;.~\\;~~ . . . . . . 
ooooco 

i 
I 
I 



· ;{ 

o 
11'\ 

-~ ... :: 
"' ..... '?\ 

~(~;~~~ ~: 
(;OPI:..''''~ 

t;:t!gR8~ 

~IR~ ~i~ 

~ '" ... 
\i"\ ~ C'} 

~c,: ~ 

b t;, fl 



J 

• • • • • • o m .. O(l\Clt-

1

C'4 ... to'" C'4 >D ... 

11'\ .... • t , , t I 

>D"'>DNOI ... • • • • • • 00(1\0\(1)01 ..... 
, • I I • , 

>DO"<tO'l\OO • • • • • • O\O\ctlt-t-U) 

It"" 

~~~1'cq~ 
I!'-Ot->D\OU'\ 
I I • I I , 

\O ..... t 0\0 . . . . . . 
o ... '" r- 0.-l"i'.,. 

... '" ..... "If- 1.0 . . . . -. 
t- U) 0\ t- '" .'" 
,'III' 

cl .... -c .... l . . . . . . 
It\ "" It\ .. "'.,. 
, • • , • I 

U) 0 "" 0\ ..- -, . . . . . . 
"'."'''' "',N 
, I • • • , 



b 
i 
J 

o 
U'\ 

JYCC1 J! 

"!~~~~<l "l~";"t~~ 
:;:;~~\\i\\i~ ~Jj~~~~ 

... 
N 



)r..{ 
I! 

1I'It'-\Dfllq\D 

i~~ir:m 



....... ... 
I .... 

i 

1·:I;~i~~ ......... "'U\. 
O• • • • • • , OOOCo 

I~~~f::tf:~ 
1!5~.\O. 

I · . · · · . 000000 

! 

IBg~~II'& 
808~8g 
• • • • • • 000000 

~as;;!~ . . . . . . 
000000 

siiE!! • • • • • • 000000 

t .. ..,.o ... 
88§~~i 
• • • • • • 000000 

ll2.~t"':;~Q 
t)OONN~ • • • • • • 000000 

:;':~~~~ .................. . . . . . . 
000000 



Ii) I~ ~ ~ ~ H I~'" i~iil5 .J U\to;!~"\1\ 
ft",t "-;~~ ."l~ & • "'I • 
) 0001"1..,."" 000000 0000 

i 
Ie """"'8"· s§isl5 filliil ,aw 000 as 
It:l cr&&&oo · .. . . . . 0000&0 
i 

000000 

I Ili§ii 1 

~~8~&~ m~1 Ii s§ gsi 
t'" · . " . . . · . . . .. . &&oddd 000000 000000 

...... I ... ! .... ~ .... If ""O\§~'ll §§§15i 111 !!S~~{;~ 00 .. N 

i .. I · · · · · · • • • • • • 000000 171 OOONNN 000000 

• I t 
!tJ ..... I 

j "" i~C)ii\f:!N 35~is8 ~~~,~~ III oO ....... ~ , 3 • • • • • • • • • • • • 000000 000000 000000 

III 

fiBs!;i I !i 
(%)~\I)~""\I) ass!si ~00 .... ::-• • • • • • • • • • • • • • • • • • 

i 
000000 000000 oooooe 

~~ •• §""' "''''8'10\1)8\ ~~q~~~ • -: 8S u\u\v\ .. .... s~ ~ ... ..... ... ~ • • • • • • • • • • • • 000000 oooooe 000000 
CI 

2 
~ ; 2 ::: 0 :::. i ... S .. ... N ...... 

.t "' .... \0 tI\ .. -~ "' .... '1:1 

"" "'!(1l5~" ... lfto(C~ .... tl\tl:I!o1iet.l'" 
~ g~~o~Cii g~~o~~ 8 ~ ~ ~ 0'" ,. 

... 

I J1j ,:! f~ It I!I ....... ... ... 
W N ., 


	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



