
University of Rajshahi Rajshahi-6205 Bangladesh.

RUCL Institutional Repository http://rulrepository.ru.ac.bd

Department of Botany MPhil Thesis

1999

Studies of Genotype-Environment

Interaction in Rice ( Oryza Sativa L. )

Moslemuddin, Mohd

University of Rajshahi

http://rulrepository.ru.ac.bd/handle/123456789/1007

Copyright to the University of Rajshahi. All rights reserved. Downloaded from RUCL Institutional Repository.







ACP~~tc; -~J_. ~JJ :i~:-:1!.~ T -----~-

I expr.eso 'f4:, he;.irt.-t'el t grr.ti tude to Profeasor Al.J. M. runus 

I a :ri inct.ebted to Dr • . ~;. ;.. Khalequ.e for hie valuable advice 

and cri ti.eisms. 

Energy ?entre, !J~cca for t he pl'.!r!'r.i~c;ion to use their computing 

facilities in analysing :n.ost of th\? data. 

l.,;istly, r ,nr.; t t11nkt'ul to ths QUthority of t he Un.i.verGity ot 

Rajshah1 for the cw@r.i ct a Ur.1 ver:::i ty 1lttse-:-•rcb. Fello,..ship ani tor 

t he per111ius:~on to u·s" t he fieJ. ct anf! l aboratory ! acili ti£.s to carry 

out the work. 

t,uthor 







'l'he gen-ot:,:pas had Ta-ricd responses to different environu1enta. 

F 
2 

familie.8 were more r~sponsive to the, environm~nts than t hose o.r 

their parental l:ine:-;. Tl.le standard error of the respon:s~s were 

heteroge_noua in;;l,ica.t:Lng vuried f>tab.ili ty a i:i,ong th& g~notypes. -~'
2 

faitiliea .i.i rr-,rea £ro-m. th.eir pa.rents w:'~ th respect to the .stability 

,.,1 thin an environment wt the stability v,aluea Yarie-ct. in d1 fferent 

characters n11d cr-osseo. A~l-sociation ot me an (1) , r~sponses (b,i) and 

stabillty 

·,,hen they 

Ci:, wss present in 

( - 2) , bi as •el 1. as S d 

eozte char acters ar1d absen t 1_n others. 

were examined between chnr.i~Ct.,ro, 

t hey were found to ta asaoci.:.te~ in some cc '!ihinllltlons while ~n oth~r 

combiniations no asaociat1.on was nott1:d. 

:Ji5ni.ficar..t dO'l1!:inont ~nd additive effect. w.'!re indicated in 

cont.rol'J.ing ·the ~ean expresci.on of thene obara'!tars stul:ie-1. Both 

dominsnt and sdditi ve co:nponents of v~iflticn i n terscted wi. t h th~ 

environJ'Qent but they were of different fun-::;.;ion o! the envir.onm"'ntu 

me&ris and were unjer ~iff eren t ga1H, sy::1 tezr.3. Potence r~tios we.re high 

in poor e nviromnen ts Q:'ld low in e;;cod e:rdroncr.ents in ao~e characters 

and in others tho reverse was trutt. 

( ~ohd • Moslemu ddl .n ) 
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nitr,.)~l'l «pr,lied t-r:o m,onths before harYest, whereas Japon1caa respo.r,dod 

sii~-rd:tieootly to nitrogan ~ plied at any eta.r.e of their g19cgth; the 

recrponsi ve varieties in erosoos ,among 1nclietlB (Partnaearathy, 19?2}. 

Genetic information on the inheritance of quantitative char·a-cters 

required to prepeire e.ffective and ,mean:tn.gfill. breeding progra11.i::iea on ric., 

tvas hardly known before t ,he 1960• s. Hecentl:, a 'number of works on tee 

:i.nhcritan~e ot quantitative charae,te-rs of rice havo, however, been 

reported 'b1 sevgral worltere (Chandraratna and Sakai, 1960; f",ohamed and 

11-anna, 1964, 196.5; Chang et lU.o • 196.5; Cbang, 1967 a,b; Chang and Liu, --
'Rahman and t:tmus, 1973; .Kbal.eque and, t?.w\us, 1975; ,r.halociu• ,!d ~•, '1976 

antl o-thers). Btud'i.ee en the quantitat.ive cl1ar~ct13rs ot' rice become 

compliet?.ted when mo!"e tha.-i one environments a!'e involved, as the ehane;e 

in environ."llent is usuolly assoeiat~.d with the change 1n gGne o·xpression. 

~or the improvement or t--,e crop a bral:lder must have lmowleclc;e about the 

voria'bilit:y of t,-~ crop ov&l" a number ot envi,ronments. 

Genotype-environtn('!mt in taracti.on 1:i tt.e differo;1ee in response 

of two or more genotypes to a ~Jven c han{l;e in tl:lG environment. In other 

word.a, the rohltive parforr~ancss of dif!.'eront genotypos uni.er ditterent 

envi!'onm.ents vary imlicat-ing the erlsteoc$ of genot:rp~:nvi.ronment 

it1tora.ctlon. 'th& -occurrence or genotyi,e-envi.rorunont interactions ba,,e 

1on1t, proviried, a major choll•nJe to obtain a tull3r understanding ot tM 

interpretation of th~ evolutionary trends and bBve hampered the 

•: - ··• 
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rational.ist.:i:ti•)n ot policy snd proco-d.ure ror bre0ding i:11proved Yariot:, 

of economic crops. ,~.tten.rp·ts to spa city, estimate an:1 correct their e fi~ect:'.l 

.have recftntly aet · with somo .r.,"'l:lccess. Two main approaches have been uoed. 

t')ne is purely statistictil. snalys:1.s or1.~i~ally propoa.zd by Yate• and 

Cochran ( 1938) &."ld ,u1ed by Finlay and Willdnso..--i ( 1963) and Eberhart and 

Russoll { 1966) to detect and measure the magnitude ot g,enotype

env·ironrn.enta:t. in.tera.ctiona 1n barley an:i maize re6J,eetively. They did 

not try to show an:, ralationtship bot~~en the component of their analysis 

with the paramete-rs ot bio.met1·ical-5enetical model. The second approach 

is- basGd on fi tt.ini models wh:i.c 'h er12eif,r the contrlbut.iona or gonetic, 

environ~ent and genotype-envi.ronmen t til in t9ractions to generation me3ns 

and variances. It also d-eterminea t he coutrib1.1tion ot additive, 

dominance a."l-d non-ellelic g~ne •cti.om to the tot3l genetics and 

interaction components. However , the most. important c-oncluaio.n •hicb. 

emerg1')d from the enalyaia of ch.ta is t h.e same for both kinda of analyoos, 

namely, the ma50itu·le of gcnotype-environn,ont interactior.s is a linear 

function of the enrlronmontal etf8ets (~ia.t he .r and Jones, 1958; Jone~ &."ld 

( a.ther, 19.58; Jinks and S te:"iems, 1959; Bucio 1'11.anis, 1966; Buc.1o Alanis 

end . d.11, 1966) • 

'!'he analyei.s of Yates and Cochr.im (1938) is spplic&l)la to any 

number of strains cf varieties t::rown 1.n any number ol environments. 

'l'he secon d analysis in its pres~nt form ( Pucio Alanis, 1966t Bucio 

,'1.loni3 and Hill , 1966) is appropri t?te on..ly to a :pair ot i nbre-1 lines 

a~d the generations that can be derived trom an init.ial cros s ·t.-etween 

them. 'l'hia analys1a 9 ho11eve.r, leads to more 1n.for:11atlve co.ncluai ona 

and c .an be 1.1sed to predict c.u:ros G eeneratlona as wel l as •crosa 

on vironmen ts. 
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modeJ.a of 541;;nas and envir.o.mr;en tal action and eenotype-env--irou:nental. 

iu terac tion anti the an.u:;8'..ia of :ucio t,lanis W!J.-~ ~xt.ended to cover many 

inbred lines and erosi!es omon5 them. 

l'he rolat.ionahip o .t' 1>c1t·an~.:::ters used .in the mathodG o.t Yates and 

Coc.ri.r~ .( 1938) .aad .r.'inlay nnd. 1','ilkineon ( 1963) aw:J. of Perkins and Jinks 

( 19GCa) are sho.m 001011 :� 

_..,,... 

G~netio v9lue 

tz;nv:!.ronment 

b 

y 

X 

b - 1 • f 
l - 4 �_r -y • fl 

x -r cs 

Inspite ot tha proe<ance of .g<::n.otype-t.nvironment interaction, & 

'breed.er is tryi r..g to J)rod1Jce a variety w:l th good c;eneral adaptBt:!.on 

or to bree..t varietie~ adapted to spec~fic environtients rd.thin which a 

oource of phenotypie Y,.r:i.ati on. As it is under the contro.l or gei1e , the 

a bout t he t:,pe of ge.notyp e-e-nlfirorH.11.ant interactions involved. in 

population.a help tbe plant breeders to broed and to aoleot bette-:r 

virietles. 
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. . . 
Kawano and '.L'akahashi ( 1968) studied interrelationship between 

plllllt characters in rice 81'.ld concluded that the genotype X e.n-.ironme-nt 

iut0ra.ctiona acted as a li..:ni tins factor for n~g -?1tive. correlations 

Baker ( 1969) ct~rri~d on an experilllent on yields or ai-x ei~l ti.vars 

of hard red spTing wheat g r own 1.1t each ot nine loc.a tions in t1•e 

di!fei'o.nt years to ev~luate genot:,p& X environ,nent inter~tet:ions. Be 

concluded tiv.rt all the genGtJpe X environment inttH"•9.~tions excapt 

genot..Y1'le X year were si.£;r.tificant ond i ~port;)nt. 

Forkins ( 1970) worked with the final hei13:h t data or a ctiallel 

F1s of ~fic;;;tiana rus tic<\ had an average b.1.r.;her performance an•i a ........,.,_., __ ._...... .._ n:rrm 

.known to have on epistaU.e con tributions to t heir gener.ation .means. 

to mi!as1ue the genoty_p8 X envlronmeu t iut"raction.s. 'rhey mentioo.e (i 

that the evolu tionr,ry rote of genot;r.r,e X environment inter~oti.ons in 

bo buffered a.gain~t t hG onv:lronnient or may vary in mi adaptive 1na.n.ner 

concluded that 'botb linear and nonlinaa.r r$s;pcmse or env:i. ron:"!!ent W8,l"e 

c ontrollod "bl a{t<.iitiv4' an,:1 non-additivlt vari ation. 'i'h~ el'.tvironr:ien tol. 

vsriation W8.S also 6tudi,id by 1rripp ( 1972), Hardwick i!lBd ti God ( 197.?) 1 
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'l'he ,irmt~ri.als uaod eor.sistad of ei0ht rice varieties ( th.re• 

local rmd five e:irotie) and F2 generations of f ive ci·osses made betwe-e-n 

fiva tall and d?Jart varietJ.es. 'fhe varieti os and t h.eir cha.ract(:>rs were 

a0 follows 1 

1. Noizarsa.1.1 {loc.alh• l'lant tall, long th r.mrl bresu.tl'1 of tlag le&t 

moderate, ll~at below nag leaf' veey long and narvow, leaves 

dro.op at maturity , susceptible to lod.gin..l! end disease,highly 

photosens:i.tive and yi eld moderate. 

2. ~ad.shobhog (local) a- Plan t tall, lon3 and narr ow flag lea f and 

leaf below tlar: lcof', susceptible to loclgin5 and di.aeae.e, 

photosensitive and yiold mode~nte. 

3. Ka tar.ibhog (local) ,. f'lant t~ll, fl ~g leaf molor0tely lon~ and 

naJ'.'"i.'OW9 loat b(3low flat 1~~£' long and narrow, leaves droop 

at maturity, suuceptible to loclsing but resistant to disease, 

photo-sensitive and yield moderate. 

4. Chines e (exotic) ,- Plant shoI't, f186 leaf short and broi.ui , leaf 

below flog loaf short and narr ow, resistsnt to lodg;i.ng ·but 

susceptible to oome diseaGes, pr.otoneutral , e :,.rly maturi...11g 

anj moderately high yielder. 

5. t ,-.- 8 (exotic) •• Jllant snort, short-broad fla!J loaf and leaf below 

flag leaf, re3istant t o lodgi nf~ a.11.;l diseruJes , photoneutral, 

late flowerine;, hiah yielcler. 
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lon.g-n.uro• leaf below fl ag leaf , resistan t to lodging and 

yielder and p ho·toneutra.1. 

8. t t?-5 (exotic) :- Plant 11otJ.erately short, s hor·t. broad f.18$ .leaf, 

moderately high yielder, lgte m!}turing and photoneutrru.o 

lines r !!11se-d from th.~ r 2 seeds were of thB i'ollovdng eroaso.s : 

1. Chinese l Katarlbhog 

2c n~-8 i Chir .. liee 

t hey wer e, t ransplanted ta 30 em. earthen pots (on,9 :pot per 1>lant) 

contnining 8 differer.t nutritional tr,!w.t1nent of J•l , P9 K &n,! t heir 

combinet ions ineludinz t he e.ero doe;e. For each senm:-i1, a t o t al n u.mber 

pots ware randonly u-ran~ed in tbree r e:plieat iens. 'f hore wore 123 pot s 
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ln anothor set of ex.per.!.mcnts the .seet18 of 10 populo.tiona 

( .5 F2s and th~ir 5 :parents ) were germ.1.nsted in well manured earthen 

pct.s (one pot per population) c,n 19th July, 1978. !~t the aee of 31) days -

seedlings ·wer.e tranepla.lltod in 30 cm. cnrthe.n pots {one plant per pot) 

containing the sa:me. 8 treatments as ua~cl in the e.>rperim~nt with parental 

ll:neG. 'rh9 pots w~re arrar,g,:!d: in ~ix r ,aplie<?.tiQlls ei~ch or which included 

1GO pots. l'ha:re ws:ra two ·pots per population per nutritional treatmont 

an..i a total ot 9-60 pots were iI'l tna e&po:ri~ent. 

i~ , 11 .and K respectively. The pots cont:.11.nir: .:,. di.fforont treatrn.e:nta, 

we.re randomly ar-:raaged wtthin a r9plic r'2 ti.o.n and ttay were pl~eed in 

open sir and ur:.der direct s-,mliiht in the riotnnical ·•ese.irch Garden, 

university of -~ajshaJ.ii 1 lhn.eladosho U.sual ~adinco and 1rrigatio1.1s were 

done whenever it was neoe.ssairy. 

'l'he <loses of fertilizers ap.r,lied were 5 tsris of Uroa for N, 5 gms 

or tr1:p1.e-su1,ar-11ho::;phate (~r. s.P .. ) for P and 2:::' t9'!G o:t muriate or 

potash for K. The f.trst dose ot fert:tli!!.ers appl .1od 1."lcluded 2 gr3rJ or 
tJrea and fi~ll amoun.t o.f tripl.e-supor.-phos1jhnta and of mu.riate of potash. 

'i:he:, wore mi::ted tb.o~ougt,ly ,nth tha ao:ll or pota bef'ot·• tr.ansplantat.ion. 

The S$Cond do~:,e v.as of 2 &1::s Urea and final -dosG ot 1 gm Urea onl.7 aer-e 

op1'lli,,)(1 at the t:t~e of tiller init:tatloo eo,i of nowed.115 respecti?ely. 

1)Bta were collected on i.mliv'lclirnl plant baSJiG and snolyees wera 

made on the mean Y::J1ue of two plants per trea t ment per populat:ton. 

D:il.ts wer e taken on yiol.i and yield compononts acd on so·me 

morphological and developmental. charactora of rice. ·rne charactor.s 
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wer e as folloiia : 

1. l .ength o .f p&nlcle 1 1,enirtb ot paniele was me8aur.ed 1:n cm f'rom 

the f i rst node of p,:-irae.ry br,anches te the tip of t h~ panicle. 

2. Wurnber er prirrmry bratichea/panicle : 'l'otal numllSr of primary 

branches per p .. ~.icla wero countedo 

3. !lumbar of spikelets/ponicle I l.t incl~rl&s t t e total number of 

counted. 

after eomplote sum dryin!:!o 

fo 'iielcl/Plant 1 '.';eis:;ht o! tottl fu.Lly dcv\'il•::>p ed. sunurierJ kernels 

of the plant in gm. 

7.. 'Number of till@r~ 1 Total number of tillers bea:riw~ panicles 

ware coun te(l. 

grains was taken in gm just after harV•?-S to 

2. Vry ahoot -'ii:.ig"lt {lJs ·•;) s i, fter harvesting e plants we re drie d im 

th~ sur.1 for d;!ya together, t hon ,a.f t tar keor>i lle; t harJ i.n a.o 

oven st 1(,\Q°C for 2'• hours t h1a.ir w@ithts wer.e t ah.on in gm. 

3. Fre~h ·root wei:3t..t ( f J;,') t ti fte.r barvest t hli root of each plant 

wma removed by p r as :-1ing with blotting P lJl)'3i"e 'I'hen t he 
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4. Pry root weight ( DfL'.') a The roots after prQ:i,er ,wsning were 

dried in the su.n for several d3ys and. t hen a.fter .k.1lepiu5 

the-111 .in an oven a.t 100°0 .for 21•- hours their weights were 

then taken ~n gm • 

.5. r,1;int hoicht (f>!r) 1 r lant beight wes meaou:re,1 in cm f .rom the 

bfolae of the plant to tbe tip of i ne main t i ller. 

The data for yield and yield co~ponents of the t h.riae local 

Vfll'ieti~s were not available 1n -season II. The data obtained were, 

therefore, grouped 1'nto the .following categories as for analyoes : 

/,o t'ialc;i and yield COi!lponents of e lght p;;irental l ines for season I o 

n. Yield and yield components and ooma morpholog-ical a.nd d$V8lopm.ental 

characters of five pa.rental lines !or seasons I and II. 

c. 1/orpholog;ieal a nd developmental c h,gracto:rs of eieh t pa:rental 

lines tor sea.sons I and: II • 

. D. Yield and yield components of 5 Fi'' an<l t h0ir 5 parents. 

ln order to a'tudy the genot3ps-environraent interaction at 

phenotypic anJ gEmotJ}Jic l evels the data were analysed f'ollo1iling t he 

st.n.tistical techniques equivalent to those developed anJ used by Finlay 

end V:i.lkinson { 1963) in bt1rley; ~:bar hart and f..1.1ssell ( 1966) 1n &aize; 

Bucio Alanis ( 1966)., Bucio ,Alanis and Hill ( 1966), ? erJu.na and ~finks( 196e~ 9 

!m cio Alanis et: &1. ( 1969 ) in Nicotia.na rustic :11; 13:-eose { 1969) in grasses ------ - ----
arid Ya.tea and ~ochran ( 19.}e) in a group or experi.::-ients. Phenotypic, 

genotypic a..nd environr11ental varia.bil.ity were eel.culated by follolld.ng 

otandard procedures. 1'1::e eompomrnts or varis.tion, e;enetic a,n;J 

environmental ef.1\lcts includi.n1; their interact~ons were estimated 

followi.118 the motho<la developed by Mat.her and Jones (19.58). Detatla 

of the at9,ti.stical proeedur<ta i,.ere givon along "11.d.th t.he description 

of rasulta wherever it was considered neooss ary. 
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envircmm·er,t ('i'i) is non-~i~nificant i.n caae o! par..:i.c1o length• prir:iary 

branches/panicle, ap:ikelet nu.mbor/t,!.'U'licle, kernel number/paRiele and 

100 koZ""nel weight. 'L'ha analy:-.ia or variance ru,•tll.er show that the 

i;enotypea inter:a.eted siznificantly \iith ell the envlror.mental etfecta 

aa t be item O:rn wo.e bighly si,·;nif"i.c.:mt in all tl~,? ch~acters axe.apt 

pi"ima!'Y, bronch(;;s/panicle and 100 kernel we:J.ght ~e.r _e it wa& ncn-id.g;ni tic~nt. 

Tbis indie&~ t ha t all the senotyp-,s for all the characters exce1) t . -

prlmi,.ry bra11ehe1!!/pantcl8 and 100 kernel wei;;;ht .res1,onJ.e.:i dii'terently 

unde.1• di f'ferent ~nviron:nents. 

J.a the analysiia of variance a}iow that the sen1>ty:J~S responded 

di.fferon.tl::, trn~ler diff.~ror. t tr~a t menta, t he ne,:t-t.t.ol:) was to evaluto 

t t o individual eff'e-ets of the nut-rients .for e ach ger.ot;:;r,e. :For thioe 

t he environmental smn of squares was t~1&n partiti.cned into items 

tJeasuring the e:f.fec·ts of N0 p·, K anJ all t hair possible interactions. 

'file ~agoitudl.l or tba main off ecta of M ror a (\:iven e haraetor is the mean 

porfcr:na.ncea of p'lru1ts .recei ving N• loss t he a e~.n performance ot thooe 

not receiving :n. ,:ji w.ilarly t he n:ain •:fi'octa of i' ru1J. K is tile. ii!ean 

per.romance of plants receivinlJ F and K, lesi.:. t he moan performance of 

t hose no·t roceiving ? and K r€.0;1.fctively. Th.-, NXV interaction ies the 

moan :performance o:t :plants rJ3ceiv1ne N an:l f' , less t he mean of those 

receiving N but r.o·t P and thos~ recoiving 1> and not N, plus the maan 

of those receiving uei,the.r M nor P. 'C•he ~:;ct< interaction is the ma.an 

pe-r:forma:nc'J of planta reeaiving I', NKe rwr-; and rtU ,less t he mean of 

those :receiving n, }{ 0 NP and PK. ·rhe P:<.K interact.ion is the mean Y. , • 

pe:•f.ormance of tho.ae plr,mta receiving N, l"R, :.:tl and NA'{• lass t he 

moan o.f t bos,o rec.rnivin1t r , Ke !U' and NK. ~rhe Nl<P);K in.terao~i.on ia th• 

eean performance of those pJ.an ts getting N, I• K o,nJ f'.!'.-'l\, less t he 

mean ot t hose recoivini3i fi}··, in< , Pl!. and Jl[il nutr:!..trnta. ··rhe 1:rtecta ot 
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in table- 4. 

l'anicle length : ''d. th resr,,ect to pani~le lonE~th N -w/ls found to 

ht-tve positive GiGnifiear..t effect en Bmdsl1~bhog, r;--532, II'.•20 ani 

retarl'bhoe and nagative signtfic::int ef:rects on jh:1zorsg:!,l, ni-8 a,nd 

> 
snd a:tsr.ifie~nt on In-532, ITT-20 and Kat$ri.bhog but 1 t was l'legn.tively 

signi.ficarrt on the rem0lnin,g gi:.-notypes except Oltlnese whe.r• its eff'e.ct 

elgn!ficantl.:, :po,;i ti ve effect on Naizel'.'sail, ;;ti.:tnose, IR-532 and IR-20, 

gheref:.s, tt1e oth~r four v arieties had si.'5ufi-:f'icnnt but ni5lg':ltive ,r.reet., 
'h Q. e\, b'ek 
"of k1- ' was the highest and po:iit:tve _ on I':~-8 a,nd post t:1.ve stgnif'l-o::int 

cm u~o primary branehes/pruiielo or Nai~eraa.il , Chinese, l Tt-532 and 1r:c1-20 

'1&hero@s the ef.fe ,~t . 119s stgnifioant but neg ntive in the ease ot t n-5 and 
~('( 

Ka.tGribh.-,1:£• _ ~: 5t5ni:t'ica.nt etfee'tl'w~~s noter.I on otlHlr two ~enotypes. The 

effect$ c! P was e.ignitieGtntly posit:1.ve on Chinese, l i~8. :t .·-532 and 

:r:a-20 bl..tt ne,:;;ative on l H-5 and Katorlbhoi. All the v0,1,io ties • -xee:p t J_ • .532 



n.e{~ative. 'l'hCJ interaction.a t{;~, NX and PK had sir.;nif..ica.-it effect on 

moat ot tbe gcnoty;;,oso Gi ,gnificant effect or NPK was not0d on Maizersa.11 1 

Batl~habhots, r:~-;,..o en:i r :i-:; ( ta·ble 4). 

:}11ik:llet Number/panicle I l?oa1tive and G1zn,1tic-ant i,tfect of N 

wa.s ob.6orve.d on the apiltelot nu.i:ber/panicle in !5adE:babhog, Chineo• and 

I ft-c:O but the e·f.fect Wi!tS negatively Gign.ifieant in r·-e, It?-532 and 

~~1 tsribhog. ~-:ost or the genotypes had e1,gn:lficsntly negative ,effect 

due to P exeopt ,Chinese, nl-532 and l i:':•5 w.he1•eas 1; had ttlg ni fie.ant 

J)osi tive eftoct. runoug the 1ntaraet5_-ons l?R produced sienificant effect 

in all the genotyr,-,as, s,y.ue 0£ tham having negative effect. NP e~'1,ibited 

poai tively 8i$nifieant effoct on Chinese, U,-:.B2, I 'R-20 an! Katri'bhog 

but significantly neeativf!) on Badshabhoz onl:i;~,'P had no effect on I a-5. 

NK h~d. si5rrlficantly po$:ltiv0 ef'fee·t only in IR-20 but t1:o e:!:feot wa-e 

·. signi . .f'icantl:, ne4:;ative in all oth~r .seven {{attotyp~s, exce_pt r.ataribhog 

where it was ·ncn-.signit:i.eant. Haizersail and lH-20 sho;,;ad si~ficantly 

n•ce;a.ti-ve effect and Chinese·,;aml Ir-t-.532 sliow~d u5.zn1f.icuntly :positive 

ef.fi,ct doe· to 1atera.otton N'.PK • 

.i11•rnel )lumber/paoi;;le : N producGd po~i.ti ve sizni.!ica.nt effect 

on the kernel number c .f ,hinese, F t-20 and r~-5 whil~ the other five 

&enotypea ;oer-e negatively a·f.feeted ind:ica.ting tha t N incr•eas.ed th.a 

kernel number in some e;,motypes and signiftea,n tly d-eereaacd the kernel 

nu.121ber :tn some genotype3. Post of the gauot:,,pee exhibit~d nega tive 

effect due to F; pool t:lve effect ~aa observed in Cb.inseo, 1;~'!"8 and 

t ntr-1 hhog. X increas;ed the kernel n•.imber or 1-Jaiz.orsail, Badshabhog1 

:I i:.J•532 and l}";-20 &o<l decreeised it 1n ca:se ef 1.:ninece, l"R-8 1 l ~-5 amt 

Kataribhoz. 'f'he affects of J\,'P was significently IJOsitive 1neaoe ot 

Chineoc, J ,().-8 and Rataribho,:; but it wa.a negative in case of Naiza.rsail, 
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l':-l'-532, U{-20 and n~-5. ·.rh.e er fee ta or NK was mgni.i'.'ic9nt in all ,,,----· 

t he canes except Kntaril;ho1i b1i t the effect was positive on Badohabhog, 

1 ~-8 and Ir?-2.0 only,. Msjority or the genotypeo exhibited neGa.tiva 

ef.fe•e.t due to l'K and m1K. 

100 'Kernol ,•;·~15ht & Al.l tho ei('.;ht e;enotypea s howed neeative 

resi10:ns e due to the effect or rl , which indica.totl decreasing effect 

ot Non the . 100 kernel weight. 1' had positive eff ect 011 Naizer.sail, 

B11rlnt1~bhoe, I R-532 and ilataribhog and n~sa-t1.vo e f t'~et on the rest four 

genotypes but the ef f.ect wcUJ significant 1n ca.ss cl i1a:izersa11, I R-8 

end U~-5.3.2 only. N.rt.'lzersail, Jfadsh!.ibhog, I H-532, ·1::.'l-20 and · Ka.tari'bhog 

exhibited positive effect due to K .. lJ.l the genot~1Ht.s e&:M.bited positivQ 

effect due to NP combination but the e f fect was signi.f'ic~nt inc~ of 

!~ai~ersail, Chinese, IH-532, It~-20 and 1~ataribhOcrJ• Nt had ai -nificaut. 

af:feet on 111_11 the genotypes except Na.izersail but the eff ect was positive 

i _ri case of :Sadshabhoe, I H-8, ! i:-532. r -,-20 tmd I~-5. PK produced nogatiVQ 

.effect in moot of the ea,ses . i!l>K b~d posit.:i.ve. e ftect 111 13adaha.bhog, 

Cl.dneae , l'•~-8, I1-r•5 and r,t1tllt"ibhog. 

Yield/Plant : f-1 and P p.rccluced signiticantly positive effect 

in all the g-enotl'J)ea in,l1csting that 'N and P ae-parately increased t he 

yi1Jl<l per plant. K signit'ieantl.y decreased t he yield o! all the 6anotyp as 

except Bad:Jhabhog. All t he genot;;pes exhibited pocit.ive ef'fect due to 

·,1:p. NK al.so had positive effect on all the eenotyJH~s exo.ept 1a-8. 'the 

·effect ct PK was po6i ti•,1(1 1.ncase of iJaizersa.11, Chinese. I R-532 , l H-20 

l ii-5 atl.d Katribhog. NPK hG.d po.sit.ive affect on the yield of all genot:ypos 

except Naizers..:.i:11 and IR-8. 

'filler mus'ber 1. N end P separately increaziad: tbe ·tiller number 

of all the genotypes. It had poni•tive ef fee t on Bndaha'Ohog. tri-8 and 
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r~-532 crnl,1 an:i the rezts exhibited negr,tive effect • .NJ:> and 1-!K also 

i.ntre:'l.sed the tilla~ nu~ber o:t all t he eenotyri t?a excep t Kataribnos · 

w!!ere ifP had no aignificant effect. 'Positive effcet. o! PK was round 

in all the ca-a oa exce-1>t Eadshabhog and l a~-2ci. r;./ .K also &i3niiie,mtly 

inerea..o.Jed the t iller nwnber in all oxcn:pt 1:iadshr.tbboi::. 
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(c) 

BiBD~-fican.t an-i the genoty;pe-s (G) intera.cted sicnificantly m th 
\ 

different treatments. Mi the interactio11 it0m is significant in most 

ef the cases, no im:no:iiate 6en.-?rol.1zation can ba made on the relative . ,. 

:parforma:ices of these genot111es cn,er a reotr:i.cted r ange ot environm~ntal. 

oontra,sti indeed, the an!lly r;is arguea thf:t TaH.d comparison e ein only 

be mad'! ·1n e ach. e1wironro-ant s.epar,.ite1y. 

Zi9ce the sna1ys1a ot variance can give no further uset·:.21 

to rezreas:ton analysis equivatent. to thcs~ developed by Yat~a and 

Coehran (1938), f'inla;y and •~illdnson (1963), and l:erklna and Jinks(19£8;. 

The e:tr5ht different treatment.a ot eori1binat:tons ot N, P and K were 

tT-eoted a.s different environrnenta ~r.icb were measured cy1~3,nti tati vely 

by tha ma.ans cf all the ei1Jht genotypes. 

i'.5enotypca lli1 th ,environment WG!"8 partl tioned into an 1 tam maasu.ring 

:ltemc ·which moasu,red tbo &eat·t0r or the points a.bout the rei_i~r:-es-sion 

line ( table 6). It is el oar froat the table 6 thnt major part o! th& 

~enotype-environment variance was dua to the diffo.renee between t he 

11on-s:lgrdficant. '.fhe div1at1on maM aquaros were sic:;nifieMtly greater 

t!1an t hat of error in most ot thtt caaoe exee:pt p:r.•i:mary ·braoches/pnniela 







the hi.ghost bi value. Ia-8 and I 1~-~ also chowed abovt't ev&rog e 

responses to tl1e environr.t-.rnte, tl19 respon.ae31 however, were oon

ciJni:f'ic.:int. The lo:Jeat b1 va.lu0s observed in I ,-5(0~01) and Katam>ibheg 

(Oo02) r,o<;peet:i.vely :1ntliootad p:ractica1ly 110 re~,poll6'i to the e.nvi!'"onments. 

'i'ho otho.11~'.$0 V.[..rie1;ies, lhrl.z'er s tdl and r -: .. 532 a i1mved belo-w average 

r eoponse. Badohabhog and t1!linese .showe(l ': :: :· hii::b corr elati o.o co-eff.'ieier.1t 

ln t he oaM ot ~ikalct nun:iber/panicl& :r: ;~-532 showed the bichest 

linenr respon5e and ha.d a bi. value 2o61 ! o.?6. l' t also had a hi3b 

cor.relation co•ef:t"i.oient value indicating t he linear response aecou.ntod 

for rost ot the vari~tions over environro~nts tor t his genotype. 

Heizer.i;ail, l R-8 and Kataribhog sho•.ved abov9 average non-sigui.ficant 

r e spona~ to the- environments. Batlshabhog and I i:~•20· showed below and 

above averase negative respomses respectively and ba:i low correlat.i.on 

cc-offieient value. ':ho cth:;ir two var:t-0•ties s hoood below averilg tt 

1 .. e opontnJs to tho enViroD.ments. 
me 

l !~-8 and Kataribhog s tmwed hif.,;hest and above average si5nitieant 
• f\ 

linear resrions es tor ko-rnel m., .. ,nh-er/:pa-n::l.cle hu.ving b1 value-a 2o 78 t c.89 

ard 1.31-+ 0.67 respecti.,rnlyo '.l'.hou[;:h •Chine.:;o And .Uadsllabhog had above - .• 
average re t.ponsos (bi = 1.23 ! 1o58 and 1.21 t 1.25 respecti.~ely) but 

the 1•as:ponsos \Iii!.?'& non-significant to the enviroll.Jnento. 'i'he {oi/aa;, b
1 

:. ··· ': 

value was found in r~-5 (b1 • 0.07 ! 0.76). The other throo v,:.u:ietioa 

shoiieJ 'below a,rnr-t\{!e rea_pon.ses to the ~nvironments. t~0st or the Yariaties 

aho ~ed low co-relation co-efficient values. 

ave:r-sg;~ aign1f1cont response-t- to t he environments. ~esponses or 
!~a1zersuil 1 I R-8 and l~-5 were ·abovG over-a~• but t t;ey were non-oi-!,r! ficant. 



'1'h~ remaininl~ thr~• var.ioties 0ho"t.ed below averal&& re :sponsss. The 

correl~tion, eo-e.f'?ieiants war e low in moot cf the cases. 

In rel~tlon to yield/plant all the . varr.ietiea ~:i.:-eept rr~-8 sh.owed 

s:ignifieant H .no-1ir r,2cponoes to the envi:rom1e!1t12. ~-,,oni t ham (;hine@e1 

l R-532 and :tr.?-20 .eh1H1~d abo'"' avcr<'lg@ re11ponse.tl v:iierP.as Katarlbhort. 

,~aizers~'.a. Bad13hahltoi! and 1 ·.:1-8 s howod lX?lo·~ over:ar:-:e re.s~on.se.s to the 

•0tl,1irm1t11enti:,. Hit;h correlation co-ef:l'icient Vtiluea i,ndie.li\ted the line~ 

v ~ri;.ation aco-our.it-ad fo:r meat of thft variation ov>lr the environments 

for genotyJle. C:nly r _{-8 shor.;i:acl .non-s:tr;:rlificai'lt belo-a aviarn.ge reapons e 

.~nd law eorrelat:lon eo-.effici@nt v~ilue. 

All -Uie var·ieti.es ahtn,ad a1z;;ni:ficent lJ.near respr.ms~s to t he 

,.rnv1ronm9nts in ca.ae of t.illor ·numbe...-. luuon,z t l.1~Jm NEilzorasil, I J1-.532 

nmi I R-20 sh-owed. abc1ve av~rage and th~ othe.r .!';1.•..re varieties showe~ ~elow 

nverase rel-:iponses. All the genl)typoa had high co.rrela.t!Lon co-affieient 

v r-1.lu~s and indicated the presence o.r l inear vari~tion 1.1'.l t hem. 

Actual rea,:-cr:;si.on lines ot performance of ea.c:1 genotype against 

the correspo.ndin0 envt1~ornui:.H1't,.1l ffi\}afia are shown in figs. 1.7. To avo:1'1 

con::fuoion, ind1v1~lual p~inta wer-e not plotted in the fj.gares. Crossins; 

of roc~rec1:1:ton 11.n~e was very ma.r.k~d in moat of the char!l.ete.re in-:lieatins 

that G :X rt interacti ons w-:,r·e very marked in these eh,lI'aetox--s. ti'or ponicl 11 

!.enr;th Chine.~e ;nd 1 ~~.5.}2, f<'r 8]):U~elet number had::ihabhoe and F t-20 

reBpon,¼ed n.Ggativel.y to good environme;-, ·ts. Very ma:rked .-atf.erences were 

.fcirn.d. U."'ldow good environments in case of ti.ller· .r>..\.ml°be-r i.e. good 

em.rirctllr,enta increased thP. t .H ler nurtiber aml t he i ncreesini e> ft'ect 

Vrtr i.ed. in different g~nnt:-;r,es. 
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_.., 
The stability parameter s ; calculat~d by subtracting error 

ta o i'h .fro~ t"G(l1edu4er m. s . {~be.rhart and :~ussoll• 1966) •hich measures 

t he unprediet~ble i:rr-egularit:tcs in the reor,o:tse to t he env'lronmeats 

aro shol,Jln in table 'l • '!;he otardarJ error(::b·) Clil.lcnluted separately 
l. 

for each linear .re:.:r.reosion fro::u aov:i.~ tion are also included in t able 7. 

The st~nde1rd err,.)1' { }i,01.) p!'oves to too· h~teroeenotta as x.2 in t he 

t1artlott•s test {shewn et the bottom of e a.ch charactel" in teo.bl-J 7 } 
one 

i ndicated that the observed ei,in,1a.tion from their expected" .v~s 

aicrdficant i11 all ce.ees e .. xcept 100 kernsl Qre:1.~ht Md yield/plant. 

1:h:~u it i.nd.ieated that the senotyp0-a had th"ir 01i1n i11trin:slc: variation 

ta·~:.mnd their regression alG:>eo and W-OS ch&ractoristic of a particular 

pc.,pulatiou; and was under g'3netic cont:.rol. As revealed. £rom joint 

· regr·ession &nd sta,nd..a,r,i error (Sbt) ' t ne '3~ .has hie hly hetero~enoue 

in most of t~ characters. Ainong tho aaveu charactor.s panicle length, 

primary branchea/panicle end 100 kernel \i-eight showed considerable 

-2 st;)bili t.y as shown by their low ~:_;d values irroor,>eetive to their signs. 

ill o'ther charactGra ex-cept t1.llo.r number showed low stobil.ity &s 

1,,.:. "'h ~2 sho~n by thair ,ut;, ,,:id. values. 
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(d) 

The relationsni~ that exists bQtne~n two or rnor~ 1n1ep&ndent 
. -

var.tables ot a populati-nn is called correlati on. Gorrelatlon 

eo-efficient(r) w-9-s calcul.,g.tod by usual rrroduct moCH?nt correlation 

r,.1ethod. Correlat:ton co-efficient:., 'w-lth.in' as well 11s 'between• 

charect.eris were :!lea.sured and are shown in tablcs3 and ·9 resp~ctivwly. 
, ' 

CorrGl.~tion oo-!'4fficient between mean (1) and reepcnse (bi) 1 

- -2 between rr.c-ia.n (X) and st.sbili t:, C\
1
> and between rcsponae (b

1
) ,and 

stability (S~) within a character w.:..,re calculated 8nd. are shown 112 

table 8. ~r.oan portormances (1) ware 3ign1fiC.!=tnt and po:,.1 t.i vely 

correlated with reGJ)onse {bi) in yield/:plant and t.iller number 

indicoting th,,tt the genotypes with hi[!h~r mean performances were 

resr,cnsive to the env1.ronmen.tal chenges. further the mean por!ornances 

(;.~} were significant and positively ecrrela.ted vli th stability (;;!) 

in kernel number/J>Bm.cle and tiller .m.miber in'Ucatine; a close 

relationohip e:d..sted bat,.,ig.0n mean perforamno~s ond st.sbili ty. Other 

c h&ractors showed uon-1,i~ niflcnnt corre18tion co-eff'ici.e-nt bet~e&n 

me :ln (!) and response (b
1

) and betwoen mean (X) and stability <'rr!> and 

suggested thtit tho two a<Spects of phenotyp e W3re 1nf..e_pcn·:ie~1t to each 

othcro '{'he eorrel.'iltion co--ofi'icient;s were non-eienif'ic.ant between 

response (bi) aml Bt,'i.tbiLity Cs!> in all the charneter.o indicated 

tha.t the ral5I)or..se (b
1

) and stability fs~) were 1·ndep~ndent ta each 

.I ~2 other, an 1.n:11.c.qtive ot dit'i'tu·ent {!ene c<.mt11 ol for bi an~ ;:.d• 

Cor.~elation co-efficients bet~een reoponses (b1 ) and between 

-2 at!ibilitiea ( Sd) a.11N1g the, charactoru ~ere etudied and are shown in 

table 9o In majority of th.a cg.sos t he cor.relotion co-eft'icients 

between responGes (b1 ) among the charactors were non-'3igniticant 
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;eviation 

i~rror 

.Grror 

Jev.ta ti.on 

1..:r.ror 

Linou1· Tiegre.ssion 

h.1..ror 

} 

7 

42 

126 

7 

42 

126 

7 

42 

126 

? 

42 

126 

? 

42 

126 

7 

42 

126 

I 50 t 

2.06 

c.65 

1.10l;. 

75·1.33 
·791.09 

0.101 

,.. ... 
1.56 

6.q.7 ••• 

• 

Contd•• ••••• 
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Table 6 (ccntd.) 

7 

D€viation ••• 2.06 

12.6 

.. 
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Table 7 (Contd.) 

bi Sm ft 1 
c2 ., 

:iii 
,_. a 

.. . . . . ~1.i·~•~J.ot nu,:r;b.cJi.RJ:n :kl0 
~ --~- - ,www...,:ic. • C •rr..:.1·..-,u 

Nai2~raail 1. 99 1.02 o.9{) -sc.-6.2.7 0.63 

!5edshabhog -006'1 1o4-~ -1.67 -373021 -0.19 

Ghlnese 0~80 1.12 -0.20 -228.13 0 .. 19 

1 7?-8 1~81 1.2, 0 .. 81 -491095 0 .. 51 

I /~0 532 2.61 0.76 1.61 -513-25 0.82 

I ~•20 .. 1024 2o14 -2.24 .5.1, -0.23 

r -s 0~97 1.11 -0 .. 03 -4?8.70 0o34 

i;~t ari bhog 1~7it 01)91 o.?4 •:f$5o55 0.61 

~'-!,4llJ~:ri..2,?tni c1.Q. 

r;a1, zersail o.z.2 0.83 -0 .. 58 -620.56 0.20 

Eat.lshathog 1.21 1 .. 25 '0.2.1 -40;;.89 0 • .38 
' 

Chinese 1.23 1.58 o.~ -1'76.27 o.:,o 
' 

I '''-8 " 2.?8 0.89 1(1?8 '·-,~ ,!9:1i!4• 15. -~ 0.72 

I r:.53z · o.69 0.57 -0.31 -111.16 o.45 

l R,-20 0.29 1.41 -0.71 •302.48 0.08 

l '" 5 Li• 0.07 o.?6 -0.93 -6l,6.65 0(104 

Kntoribhog 1.31 o.67 0 • .31 -6?9.44 0.62 

llartlett• a .,,2 
td.f.1:17) testing ho!':OZ ~ni t7 of sbi • 

.... 
29.12 

Co.ntJ.. ••••·••• • • • 



CM.nese · 

Maize.rs.ail 

·1.85 

1.16 
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100 kr3 r"r~o1 tr.-1:;j_~-~h t. 
-·-- . . • ····r:t::'c:~ 

o.;9 
o.44 

1.10 

0.53 

0.32 

-o.43 

0.11 

0.08 

-0.031 

r 

0.11 

·o.68 

o.66 

0.53 

1fort1att• -a x;d ~- ?) tes ting homo·:;ouity of s._. 1111 11.13NS 
\ ...... , Oj_ 

0.79 0.27 

0.17 

Oo35 

0.11 

0.20 - 0.06 

-100.98 

-157.58 

0. 97 

o.-98 

0.89 

o.Bo 

Conti,\• •• •••••••• 
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- 1' 

)inizf.'ra,dl 1.24 0.27 0 • .24 7.62 o.ea. 

lk.dshabho3 o.88 0.14 -0~12 -1s.1a 0.93 

Chin~o~ 0.89 0.14 -0.11 •15e20 0.93 

I ~-8 0.63 0.15 -0.37 -14.09 o.e6 

1!?•532 1.67 0.11 o.6? -18.60 0.99 

I ~-20 1.06 0.12 o.o6 -16.89 0.96 

I -~-5 o.64 0.09 -o.36 .19.78 o.9J+ 

Katnr-.t b.hoe 0.90 0.25 -0.10 ,.e1 o.8J 

Bartlett's 
2 ••• 

x~d r •?> testing bo~oe~nity of _s~~ • 44.03 
\ . . ...~ 



I 56 I 

7:nblo 80 · Ho0ults ol -correla t i on co-Qff1eienta w.1. thin eh~aeterG. 

fl ~n3. cle length 

Spi~elot numoor/panicle 

Kern.21 nwiiber/pani.el& 

100 li,1.rnel waiffht 

yicl,l/rlant 

T:llla.r nurifi.>er 

-0.001 
. ,.. 

Oo'l4 

..0. 59 

0.047 

0.074 · 

-0.099 

0.22 

'J.lahle ti. Heaul ta or eon-elation co-ef!ic.i,am·ts oot:a9e11 resporu,es b
1 ' -? 

( upper rigt.t) ami bet~~11n stabillti.es ~\i (lower left) 

m,J011g ~haractora. 

P8.!'.ie1e 
le~eth 

iirim:,vy ; . 

:t)(1ni-0-1 a 
length 

....... •. ··•· / 

Pri.. bro{ 
pani.cl;a 

-0. 133 

1··-a-· e t•;as/ u.a. .u - ·· 

pmti.cle -0 • .251+ 
~;p;tkelet 
11 um bo r / 
panicle -0.075 o. 488 

r;o::'1\el 
nu.m'oor/ 
l•tmie:t.~ 0. 033 -o.oo-4 
100 k-ernel 
iitliGht -0. 232 -0. 29 

Yield/ 
plm1t . 0 . 225 -0.536 
'J}iller/ o••• 4 n tuil be r Oe9v? -Oe 77 

Oo6C6 

•• -0.892 

o.86s• 

0. 031 

-0.12 

-Oe667 

r~~,ran~l 
n~bt.~r/ 

0 . 121 

0.292 

o.421 

c. 258 

o.as, 

-o.6,4 

100 yi~l ' .-i'illsr 
kerntr,l _plant · n?J&11bor 
we-:Lt;l~~ • • 

Oo 11+9 -0. 61 0 . 021 

-0.:;28 0. 11.8 -0.18 

0.693 -0.382 0.609 

-0.283 -o.641 -0.388 

- 0.209 0.63ft 

o.lf66 0.60.3 

-o.26:, 0. 18 • 
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{o) 

Means _or t~e~ve charactera over rGt)licaHona tmd genotypetJ tor 

two years s1·e shown 1.n table• 10. 'fho tatle shows thot al.moat all tha 

c1'..ar~:1cters -ere iaf.fected by seasons anil di fre.1:•ent nutrl tional trea ts.ants. 

Th& environmental means (tnble 10) aleo ahO\'f that populations in general 

go.v0 better :performance:J in N combination tre~tments. l'!.11 the characters 

cxcopt .!,anicle lan.i:;th, pri.mnry 'branchos/panicle and . 100 kernel wei1;ht 

~ro greatly affected by the nutri t1onal t1·catr.2onts. 

Population means over r@r;lioa.tione, nutr-.1 tional tre:atmanta ar2d 

B0l\GOns tor nll the charaetors are shown in table 11. Il~-8 and I t:-20 

nur--ibera of sr,iltelet and korne1/p~.n.icle was found in :V~-20 w'!'dl~ Chinese, 

I i •532 and IR-20 gave the beet yield perf.'ort:cances. In eaee ot till~r 

and dry root weight was h:t~h i.n I R.•8 hut the hi;heGt plent be:t.5ht was 

l~esul ts ct analysts or Vii.:>la.nce for all the charact~irs are shcHm 

i·a ta.ble 12. The results st,owed that th9 items genotype (G) on,l .season 

(Y) were higilly ai.5.uif'icant in el.l the• characters indicatin., tha t . a real 

difference existed amons the genotypes £tudied and that the genotype 

were greatly affected by seasons. 1'he results al~ s how t tiat a real 

of!ects of treatments were found in yield/plant, t:tJ.ler number, £r~sh 

nutritton (;l) 1te:Tl was .h.i.3h.ly ai~;rd.ficQ/lt in these characters. The 

other- ch~e:ctere exbi\,ited no e.fi'oct of nut.i .. ition. 'l'l~e &na.ly:Ji8 also 

· ~\\o'-» t hat the populationo i.ntcrac.ted signi:l'icantl;y w1 th all the 
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en,r.ironmsntal etf'sets (cli:nattc and ed~?hic) 1.n moat or lbe characters. 

1he item G .l Y was a1cnific;'lnt :Ln all the ca.sea e:1tcep.t :ln 100 •ernel 

weight whe4'8 it wns ncn-31.gmf'icnnt. The itom a X .I was non-sienif'icant 

in prit!'lary branchos/l)ai1icla and plant :heizz1t whereas the item !If X Y 

we.a non.-aignif'ic:mt 1n all t .he ca.sea e:Kce_rrt yleld/r,lont, tiller '1\Hr,b<ir 

snd tresh and dry ah.oot •eight. 'i'ho third order interaction i.e~ 

G X :! X iJ woo 110n-sir,;ni.fican·t iG f:i va chGractara viz. primary branches/ 

panicl.o. s;pikelot num'bor/pe.nicle, kernel num.ber/pa.-uele, 100 ka~nol 

in fruah ahoct woight. and dry root i,'Oi~i'lt, all ths 1 tees in thes e. two 

As the ar..alysia of variance shows tha t tt:~- g~m,types .responded 

diff,n~ently unde-r t:tif.f~r(rnt nutritional traa·t:D~.nts. and seasons , the 

next stop was to evaluate thfJ i:odiv.iduol eff ect of t li.e nutr.i.ants and 

oea_.i;{ma for •ach. g,moty_pe s~p~rat•lly. ·r'ho reeul ta of effects or 

nutrients on al.1 the characters of eoch Genotype are shown in table 13. 

Panicle Length I r'cr paniclo leng~h n ho.d positive ,significant 

effect on Iri•20 sn.i sie;uificantly negative e,f fect on lH-3 and I ·,•5 in 

71 oruy. ti' had no effect on ;";hinese snd ncn•&i13ni.ficar,t effect on 

! 1~-5}2 in t 1 bu.t in Y2 tho effect of ti was poai.tiw-Jly sig.t1.'itican.t in 

most ot the varietien e='<cept I H-20 where it ~as nes;i.ltivG and non

significant. Tl1a effect of l'> was positiv& .-and s.i.e;niJica.nt on 1:·'•5)2 

.and :rn-20 but eiglli.fi~an.tly aega tive cm I \ -8 and l:'•5 in Y1 but its 

ot.f'act 111aa positive an.:i aignificant on Chine6Ct I.1-20 and Irt-5 and 

negatively sig-,nificant on I ,'•532 during Y2• K' h::;,d si~--u.f'iea.nt effect 

on Gi-d:ne.t-.li 1 1·-~8 and r ~•.20 it1 t 1 'b.ut poaitive et.feet wa3 foWl.d only 
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pooitive and th::iEo or N ~nd P were sic;n.it1cantly neJative durins t 1 

but ri , uv, N'K end !~X siGnif'icmltly tncrea.sed &.nd F , K and NPK s:t.enifi

ee-~"l tly decreased the primary branch n\ili,.ber in I ;,:-5 d,u'in~ Y2 (tshle _13) • 

.Sp.i.kelc t Numher/pani.cla· 1 u, P , N}1 and NTK sli:;11.!.i'icantl.y 

i.nerea.oed ths .s;;i.kel@t number/oanicle end N • ?;¼ ,gnd. :rt &it:nificall,tly 
i 

decreased the s_pikelet nurjl:Jer durint; y1· wher.ea.s t he eff ect of N, P, PK 

6nd Ki.:•t wore positively si~nificant a11d that of K was t.1egati vel;r 

a:i.,:;c.:!.ficant on c;hineoe d.1..1ring Y2• In case of l H-8 t he e f fects ot all. 

' t he nutrients except r> and K wore nez1tiv0 during Y2• tJ.l t he nu.tri tion:tl 

eff'¼cts 1were si6nificant on I H-532 durin:£ t
1 

of wh.i.cll f• , !C 1 N:? a:j,i N1'1K 

had J:i)aiti·.re effacta an~ the rests bad negative effei:ts ·but duriii_~ Y:, 
c;. 

sie.:ii fica:nt positive eff0ct was .fom~d clue to 1: , -t' , !ii' and aigni.ficant 
' . 

neestive e.rfect was due to PK only • .vuring Y1, N, ru:,, NK ar..d Pl 

signitic~tly increesed tho• spi~elet nur;;l>er in Ht-20; the beighast 

effe ct was due to NK whereas the e f?e~t of NP':.\ 'was ne6 a tively sizn.1. ficant. 

uuring Y.2 all the nu.tr.ienta exce_pt K decreased t he a:t>ikele~ number. !n 

c ase of r ~-5 poattive effects were found. due t o K, t{P , PK and ;n:,K OI,d 

tho rests had nega tive ettects during Y1 while positive effects of 

N 1 E, t{:l:• PY. and N:Ptc: .and nog:;.,tive e:t:feeta of r', ;,n<. , P and K ~r• oboor -:r-,d 

during Y2 (table 13). 

Kernel .Nu.mher/panicla , N signif'.ic antl.y doer•e !l.sed t t>.e kernel 

nuc.ber of Ch.i.nese d.uri:r.g r 1 • o:f :t i;:-8 ond l:'~•532 d,1r:lng both l' 1 and t
2

• 

where ras 1 t. significantly increased th.9 kernel nur:n"ber ot I 't'<-20 during 

! 1 ,or Chin.e !'le and l ii:•5 dur:lne; t 2 • P had positi ve eff eeta oo -C:hine·se 

ru•.d F i-8 in both the seasons, on r<-20 an j l H•.5 du.,•i.ng 'f 
2 

b-.,t ita 
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ef'f~ct was elgni f..ietmtl:, :nezlilti ve on t ;~-20 and l rt-5 :.tn ·t 1 and on 

· l :~.-532 ill botb the o~asrmo. The effect of K wel'.'0 s1.!!niticantly posi~ive 

·ne[Sative ~urin.5 t 1 • Positive .s1.0ni:f'ic.ant effect of K was observed on 

~11:i.net'!Je,. I!?-8 ~nd n~-zo duriner Y -,• NP hed pos:i. th·a eff~cts on Chines• .. 

Y 2 • . i\ll t ho variatles re3p•:m-:led tJiSniti.cantl:, to lfl(; but t he respon:seo 

~in·~ neg nti'fe in cai,e or ChimHJ0 1 Jn- 53-2 and I:?•5 during Y1 whereas 

;;K h:'\J ll0!'!::-1.t.ive ef.ta-::t on ! J~-8, ! H-20 an.fl I I~-5 a!'lcl negat:i.v& ef'.ft-ct 

or:. Ghinese an.d. l !~-;.i32 durinb Y .,. r)K 6i;;ni:t"ica.--i t:l y incr-?ns~,i the kernel .... 
m:.:r.b0r in Ghineae duxine; ?

2
, in rI-i-.53~ and I ~?- 20 <l.hini :i., . Y1 and io 

r i-5 in b(,-ch t111, seasons but it sign:tfi cru1.t1y decre-€,scd t!J't kernal 

nus}H~r \)f n:i-532 during : 2 and of' I R-8 in both the seCA.S(j!.'u,;. HFR' had 

p~sj.t~,ve eff~c:tn on Chi:r1ece in bot,h t i,e seasc.n:s; , on r .:,_13 and ! 1:<- 532 

tlu~ing t 2 and on I ~-5 during r1, but its effects were negdtive on 
4.1\d.. . . 

r.~-8 and I~;-532 durine 1 1 on I H-20 in hoth the e~M1Cms. 
' ,. ' 

100 Kernol 'i,ei&ht ; In ca~e of ·100 kernal 1teicht the -ei'.fecte 

of ru..1 the n:utrierlts excl).pt NJ' and N.Vi{ during Y1 were negf\ti ve in both 

the seasons on Chinese. 1:-i case ot r ,-8 all t he nutritional treat~ents ,, 
wer e sif~oi t:!.ea: .. t in boU.i th-<!t a~EWons except K and I'b' Juring 1

2 
but 

pc,s i tive s:i.5l1if!.cant effect~ of r,:;{, l'X a,"l.d NPK wos observed during T
1 

and of N'.J:, ~J;t-:. ,b.rJ.ng r
2

• l -~-5}2 re~po:ided slgnific:..intly to all the 

nuh•5. tional treatment,., in both t he .r,ot1nons exceJ)t N and iW during t 
2 

of w!u.ch poai.tive si;_sn:tfici:'.H1t etff'ect: woa t'oun i due to f' , .K, NP and NK 

1u.rint; Y1 and due tc F, .l and N.l-.K durir:g Y2• I•osi t.ive and .signi1'ic!lllt 

ei'lect o.n L1-20 w::1s observ0d on acco~nt of /, mi a.'ld N:K du-r1ng Y1 and 

(tue to K, NK and PK duriu0 Y:,• en l [-(-.5 positive and sien;1.tioant effect 
<.. 
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w&s round. due to HK and rrPK ciurir,g y·, and ,be to m· ,mr ancl Nl"''K ,luring 

Y 2 but r; snd K sholf~d neiative effec t on IH-5 during botb the eeaoonis. 

Yiel::!./flant : N signif.:i.cAntly increac;ed thi, yield of all the tiva 

V.<J.r.ieties durin0 Y 1 an.-t Chinese- and I R-5 duri.n13 Y 2 but it significantly 

tle~reai:secl tho iield/l)l,w.t of L<-8 a.."ld I R-.532 dur~ne; Y2 • P h"ld signi.ficant 

positive effect on 811 t he varieties duri:n~ Y
1 

an,:1 L~-8 dur:l.ns Y
2 

wheri:Hta 

it si[;nific,ntly decreai:terl the yialr.l/plant of crd.ner-;e durJng )'.~·t 

K decror, :ti.:'t'1 the y-lel41 performances of &ll the va:rie tie3 in both t he 

seaeons es i.ts effi; ct was nt?gative in most oC th13 cas ea excep t I,-8 

and E{-5 d.uring r.
2

• Foeit.tve effects due to ;w were observed for all 

the varietieis during 1
1 

but its effcct.s wore nee;ativo on all t he c aaea 

except Chinese and L?-8 Ul.l!'i!\g Y.,. :NK hBJ ;~J ;;n i dcant posi tSve effoct 
t;. 

Y 
1

, whereas the effects ~0l'.'t'! non-signif;l.cant on alJ. t,-i,:. V f'<ri~ t.ies during 

Y 
2

• Pcsi tive significant effect of PK waa fou_nd in ca~~e of (;}unese, 

rt-532 and lR-5 dnri11f; Y
1 

and :;td.n~.r.e auring 1
2

• !-i :1'3Cr.?r,.Jci t iio yield 

0£ lR-8 in both the seaaons nnd. th.at o:t I U-532, .n~-20 and L ~-5 during 

Y 
2

• Positive significant eff ect o! !itK wa a observed on Crd.ne.se @tH.i I' '-20 

during Y1 only. 

:l'i.ller number 1 Application of N alon 4t si,;nif'ics.ntly increased. 

the tiller Juunber of all the v .'U'.iet:tes jurin6 both the seasons. P also 

h~d si.Guifi.cant poai tive effects on ,gll the varietias in both the 

seasone except Cbine;r;e and I .{-5 during Y 
2

• All t no variet:i.e6 respornlod 

negatively due to the effects of K except l t~-8 and r'-532 durlns Y1 

an_d -I ~-5 during Y
2

• Nl·1 had significant p ,.>sitive ef.r.ects on Ghinese duri.ng 

T :I, on r~-8, I :<-5.32 and I 1i-20 in both tho stn,sons but t h., of'fect was 

nee;ati ve on Ghineae a!id l ::~-5 .:1uri!l$ Y 
2

• ·nr. h;id posi tt ve effects on all. 

the varieties except I ii-5 in both t ha seasons. The e.f!ecta ot Ptc were 



positive a.111d oi3n.ificant on Chinese and ITi-532 during both the aeasona, 

I -8 during Y1 whe:reaa the e.ffects were nogative 1n cass ot I R-20 in 

both the seasons a.111 r ;~-8 and IJ~-5 d'.1r:tng Y "l• £ti zn:lticant etEeete ot 
' 

N?K were obser?ed on all the va1•i~ties e.xeept l'.=1-8 dnrlne Y2 but the 

effects were ne,r,ative in case ot I:~-532 1 l ~-20 and IR-5 during Y2 • 

Fresh shoot oeight (pr; ,:-;) a N Dicrni.ficantly ine.ree..rs.ed the tresb 

shoot wei~ht of all the vurietios durin3 bc>tb t he seasons. :P had poS'itivo 

effects on all tha vari(Jties in both tf13 seasons except l ;{-5 in Y2 • The 

positive· eff0ct3 of P were, however, non-sigr.ific.:mt in casa of Chine.:;e 

a,.'1.d I i?•.532 d1.iri11e; t 2 only. 51 .. gnifica.'lt et!.eets or X were .round tor all 

t hG varieties except Chinese during Y1 and Ict-5 during t 2 of which 

positive significant effect was found only for I n-532 during both the 

SQ~aons, on 111-5.32, I~--20 and I l<•5 du!."ine Y1 where.as d.urln5 t 2 its effe!'!t 

w~s nogative on Chinese, IR-532, I H-20 ond r: .. 5. l'osi tive et.fact• due 

to N'!t were ob3erved on 811 the Vtll'ietioa i!l both the sessona exce:pt 

GM.ne!:le in Y
2

• PK had ai,:,;nificant po:Jitive effect on Chi.ueee during 

both the seaso.n~, on Ir~-532 in Y1 and on I~-20 in t 2 but. its effect 

i;ms negatively s:ign.if'icant •on I R-20 in Y1 i,.nd OJ'l U~-8 end l J-5 during 

Y"'l • . :Positive si5ni£icrmt effects due to N.PR were observed o.n Chinei:;e, 
,:.. 

1 :1-8, IH-532 aJtd I'.1•20 during Y1 ancl on l ~-5 durin{; both the aeasona 

\ilheroa.s its ef.fects were no0at1ve o:n IH-8, 1 '1-532 and I R.,20 durinG t 2 • 

Dry Shoot WGi;;,ht (DS'.';) 1 Al.l the variatiea had ai5nificantly 

pcisitive et.feet in both the 6loa.sons due to N and f. 1'he et'feet ot I'. 

woa ner,r.ativll} .in all the CtlStJ,8 excopt C.l'linese during Y1• NP combination 

bo.d positive. e .ffect on all the -varieties exeaI)t t ~-20 during Y
2 

and 

I H-5 in both the seoso.ns. !IK had poaitiv8 effoct on all the YarieUea 

ex.eept Chinese during Y2• The effect or l?K was positive oa Chinese 
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dur11.1g Y
2 

and on IR-20 d'tiring Y1 on t i,-8 and lR-5 daring Y1 and on 

I J-532 in both the seasons. NPK had the positive ef'fect on all the 

v ar-letieo in both the .seasons exc0ption bGinf; r~-20 during Y2• 

F'resh Root · 'J;eight (F!1W) . , In this c,~se N had poei ti•• and sisni• 

ficant effect on all the va.rleties studied. All the varieties, except 

Ghinese du!'ing Y2 and 1 :~-20 during ~ 1, showed sign:i.fieant pom.tiye 

ef.foct chiQ to P. '!.'he eifect of K was poaitive on &ll the varieties 

_dur·ing Y2 but during Y1 positive e!'foct w&s found on I R•.5_ onl:,. T~ 

oct1bination ot NP hs.d positive effect on moat or the ca.sea. NK also 

:i.ncraaaod the tresh root wic;ht except Chinese durlng Y 2 and I~-532 

_during Y1• In most or th& ca.sea PK 6ll<l NPK significantly decressed 

the fresh root wai3ht. 

The effoct,.of all the nutrl.e•ts ·.,; ·. ,·c ;;. .. ' 

siiz;ni!ic n.~1tly ~ncreased t~~e dry root weie;ht , fo.r Chin~se during T1 but 
1)~\(I . ,· ' . . . 

. d .s- c::-er'?~:'·~J~ring t 2• :tcr r~-8 the effects or N, P, UP and lfP.K were 
' . 

positive in both the se&eJOns. Negative effoct was obeerved du2 to X in 

both the 1;aasons. On I R-532 N9 F, NK and 'NPK had positive effoct but 

K signi:f1cMtly decrenaed the dry ~oot ~ight du.ring l'1 , whereas during 

! 2 all the nutriti.onal tr~atments except NP'&'. ~it ni:ficantly increased 

the dry root Wltlig.ht. All tho nut.r.1-,nts except N and NP decreaa-ed the 

dl"y root weight of r ~-20 ciurin13 Y1 but durin,J Y 2 , dry root •ight was 

1.ncreased o,- all the nutrients. en r~-5 eignificant positive effect was 

found due to P, rs, NP, l ~:K. and Ni'~ '1uring 11 and due to K, NP, m< and NPK 

during r 2 but negative effect was produced by N and PK in both the 6Htason-s .. 
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l?lant r.eight (PH) 1 N had significant positive e:tfeet on 

CM.nee& and 1i1.5 durinz t 2 , on. I~-8 during Y 1 end on I :R-.532 in both 

the sea.sonso Nost ot the varietiaa h~d positi-r1e effect due to Po · 

K he.d negf\tive effoet in moat ot the ca.s0s. Si gnificant positiY9 

of feet. of ~P waa noted on ChirHt&e Juring Y2 an..1 on V.~-8 during Y1• 

HK had significant positive e.t'fect on Chinese and l ~-532 during 

Y1, on I R...S in both the seaGon.• and on l (?•.5 durin!! t 2• Most of the 

varieties responded negatively to the ef!'ecta of FK and NPK. 







( c) Ti:!?rar::r~~!.?Ja 

AS true i nteraction i.tem w.::.is aigo.ific&'lt iu t he analysis of 

• o.riauc• in most of tho· c&ses, the data. were subjected to rttgre.n-s.t.on 

~.'.llysia. :'or t hi3 the ei.gtt t:re3.tments of ?!, P, K were tree1ted aa 

di(fere-nt environmenta over two 88,;tSons. ~here wex-e t l 1us a ·total ot 

of all the five genoty-i'eo. 

the sum of !tteaa squares ot 1.n teraetions were repartitioned 

. (jPint. regtression analysis) an,.\ are shoVl4 in tahl• 15. The. heterogen1ty 

rogresoion ita:--.1 was & i;tdficant in all t he case.::. except 1DO kernel 

1GO ke1•nel Yteight and th.8 linear mean. s;uare was ai,;nific&ntly greater 

t ?~a!l deV:iation •.s. in moat of the characters. 

Both th~ item.a when tast<td against experime.nte,1 error were 

sig·ni!ieant. except in t he oaae o.f 100 kei-en1 weight only. Linear 

roe;r~.3zsion i ·tem was non.:.Gicn1ficant in caae o.f :tield/plant,fresb shoot 

wight and fresh root woisht. Th$ regression i tom 11ben .':.. tested by 

r<:.f:iidual i.tetA al~no was aienificant in case ot dry root 11eight an4 

primary branch.ca/panicle. In other c haracters 1 t WolS non-si.gnitica.."lte 

2egression co-efficiento b1.,fa1 , stan.olll'd error Cs.bi.)• -Stabi.lity 
-? 

( I~;j) and cor1•1.Jlation co-eftieiant (r) ootween env.i.ron.m~ntal me&m et 

each gv!iloty-~e N:?e calculated 004 ars ehow in t .sble 16. Botb high and 

low cm'relation co-ettici0nts (r) were found whieh indica.ted linear 
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nnd ntJn-linear variat1one of th3se genotypes. P.s revealved by joint 

ral'.~roo3ion. the dietribution of all tr~ t.lve bi vlll.ues wi-e heteroganous 

and for this all the genot:y:v• •s had dif.1"~ret1t .reap011$8S to d:i.ff•rent 

e nvl.ronmen ts. 

For pan1cle lan~th l R-8. Ut-;~o an..t r i-5 showed above aYerage 

re~,ponsea but the ether two v&rl.eties showed non-sionifieant below 

EtV~-rage respon~·• Low .corralation co-.efticient (r) value.s of all the -. 

' varieties indic~ted t hat .non-linaar variations wore associated utb 

t he genotypeso 
' . 

Four varieti{!S such as Chinese. I R-8, I.R-532 and lR-20 a hoftd · 

but I H-532 sitotved. below average re3Pon~. IU-5 pre.ictically bad no 

response to envi:i-onme-:nts (bi • 0.01); it alao had low correlation 

,eo-0:ff'icisnt value indicating the presence ot non-li.nenr variati.ons. 

All •trier varieties bad hi6h C(Orrel-01tion c-o-eftic:l.ent (r) 1.."l.di.ca tin$ 

t hat the linear reaponse accounted tor ~st o! the yarl,9tiona over 

environments in these genotypes. 

Ia case of ap1k-9let nw1fbsr/:panicle all the fiv• genot:,.rpaa showed 

s.it;r;nif.icant lin~ar response-a to the- env.irorunento but responses above 

av~.v.~ e wer• obsarved 1n Chinea. and r r-20. JJ.l t he ge.notypea except 

r "- .8 had hig h correlation co-eft':lcienL, (r) Yaluea. 

f,l,.l tha five genotypea ahoed signi.ficant llnoar responses in 

c ase o,f kernel number/panielo. tt:bove average responses were ob.aerve.d 

in c~ ot Chinese and l ~-20. 'l-'he other t h.ree varietias had a mon or 

less sau;e rezpon.sos to the environments. All the Yarietius except CJ:d.M-ae 

.!'lll.d 1-~'<-532 had low correla tio:oa which indicated the pre.ee.noe of non-linear 

va.ri0ition. 
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1;11 the five genotyp~s re,3Ponded sif;';nificantly in eaae ot 100 

kiernel wight. Above av~rage responses were foumt in I H-20 &nd n~-5 
.1.ost of the genot;f}.'Jes h~d low co:rr3l.tttion co-eftioier, t (r) V!iluea 

t he elluacter. 

in all tha Ys.rietiea but Chinese• I:~•532 and IH-20 had abovo average 

t ho c asee indic~tina ths presonce of linear variation .in these genot-Jl}e3. 

t,11 the variet1.sa showed sier-,,i,fic.a.nt _llne.:tr res1H1nsea to the 

env:tronments in ease of tiller. num'b.er. iin"..on5 the~ P ~-5j2 and ! R-2'J had 

above averaze J'~sponses 8.ild the rests had below aveT.16• responeeG to 

the environMnts. till Y.a.riet19a ahowGd high eor-rolation co-ef.fici.ent(r) 

val~1er; · 0 :--:ich indi.cat~d tha t linear res-ponse-8 accounted for most. of 

t he vai•iat:i.on ~ver e-nVironmonts for these g3notn,es. 

In cHrnet ot f1•esh s hoot w-a;tght stsnif.icar.lt lintJsr l"$t;;pons.es were 

observed in all t ha var.totiea wt Ohincse. LI-8 and I R-.532 had above 

~11 the cases. 

n1 the genotypes respontied significantly to t he e.m,il"onmc,nts i.n 

a:varas;eo J\ll except Ul-532 had high eow~lat:!.o.n co-efficient values. 

ln case of f.reeh root weight ! 'r<-8 fJho•tied the hir;hes·t response.a 

.( b • 2o 17 +. 0.25 ) to the env'1ronm.1'ats. Tt1e siini!icMt linear r.esp-0tte:es -
were obserwd in Ctls • of Chin.ese, U.:?-8 and I R-5 of • hi.ch ID-5 had aboYe 

av0r~ a r•:."Pons e and the other two had below avGrae;e rc,frponse:•. Lo• 

correlation co-efficiant (r) yaJ.uea were towid 1n t hree out ot fi'N 

g;onotypas. 
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For dr;r r oot weizh.t all th& five g-enotypi,s ahowed eigaificant 

linesr re~ponaes to the environmonts. 'the ltl.ghest response-a wer• obaerY~d 

in I R-8 (1.8.5 + 0.2; ) and I :7-532 (b a 1.05 + o.46 ). Th• othH• t hree - -
had low c.o,:-relution co-et t'ieiont (r) "110.lu~s i mlioati:ag th• preaence 

of non-linear variation in t he genotypes. 

ln caa-a 0t plant height si5l'}ificant linear responoe3 were ohs srved 

in all cases. The above average reoponses wsre met in Chinese, I R-20 

smt I;,l-5 11h.i.le Il-8 and I ~-532 sho~ed bolo• average roapon.sea. All 

gimoty1les ~howed hi5 h correl~tion co-etf1cisn t (r.) vo.l.ues. 

'i'he st;.-.ndord e r ror ( Sbj_) provad to be betoroganotus as x2 
j.n; 

Bru.~tlott'e tent (shown at t he botton or each character in table 16) was 

sig-n1.ftcan t in most e! the ca.sea. This 1n•i1cated t hat the • ~tent o! 

deviation from regression line was spec~~ic to a.~d charact~ristie of 

-2 pa:t"ti cular popul.ation which Wt,.s under gene control. The !.\1.• another 

.maQour e ot vari&tion arr.ound the regression slope, was bi13hl;r be terogenous 

in t he s e characters as revaalecl b-y joint regression and .Sbi resul ta. 

r,:oGt of' t he e;enoty_v es aliow-!d cons-1derable stab1li t y as shown by thdr 

low 7; values in cas e of pon!ele l.eneth primary bra.'1.ches/p.anicle and 

100 kernel wei~ht. Hi g h I! values indicated t lle i nstab'ili ty Gt t h• 

g.tmotypo::i. For ti.ller number and plan t height the ge-noty_pos showed high 

: : values. 

~h• aGtual re~res3ion line of the perfor m~~cee ot each genotype 

1.n t he dif .fere.n t environments azainst the corresponding er~vironmental 

mean r:u•e shown in 1"'1ge. 8-·t9. 'Y'o avo.id contusion , inr:livi-:iual pointe 

mcll"kod .in l'liOSt ot the charactors indieeUng tha t Q X S i n teraction• 

wez·e 111arl<.e d i n t he ~~• characters. 
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Correlo.tion co-~!fici-:,nts (r) 1•u th.i:n '' as wsll u nbet•een. 11 

c!;aractera were 1n.ensured and are aho·.n in. ta.bl• 17 end 18 respoct1Tely. 

hj _ t hin & cha.racter, the corl"elation co-ef!'icie-nt (r) bet•een mean 

~, 2 ant r@Gponeea (bi)• b:i,twa-en meari (X) and s ·taM.1.i.ty (sd) and betNen 

responsea (bi) and stability <"ii!> 1ret'e calculat:eci and are ehown is 

table 1'1• Mean p<!rtorma."lces 'Nel"e po.7.i tive and zignitic-!3-cn tly correa.t&d 

\Tl th respon3e (bj__) .in case of frosh root wei-5.ht. and pla,nt height 

TIM.ch ind:teated that the 53notypea with. hi~h~r mean pl'1rformanees were 

respor1sive to the environmental changes. f ;,e mean pal."f'o.rmance~ (X) were 

stability CJ:) in fresh 

- . -2 ootween m.ean {X) and S,i me in 

obse:r:-ved d.-1.•y root weight but the correlation waa negative. 1'.o:;t of the 

cho.:racters s howfJd inon-aignificant correlati on co-ef£iei.ont (r) between 

. - - -? 
~®::fl ( ::~ and respons e (t,i.) and bet?1een meen ( X) and atnbil.ity ( Sd) 

'llhich s-~g~e~t'Jd that the too a,spacts o! phenot~p• were indepe.ndent 

to & f.tch other. 1'he corraloti on eo-e.fficients (r) were non-significant 

ootwo-en response (t,i) and stability (s~} in all the characters and 

t t·.c {r) v e.lues wer-t, negative i.n l'li-ont ot tho C3$0 S. They w .d.ieatee that 

t }w reS},1oriao (bt) a,nd stability (5:) w.ere indGpendent to eacb othere 

~a ar.i-::,. indicative or d.i fferent geae control of bi. and .::.d. 

Correlation co-e.f:t'icients (r) bet.Nan re~pe,m,,el3 (b1 ) and betir&en 

0i:.abili ti.es (s!) a 5i.ong the ch:,-iractera were &&8.SUl~(;d and are .sh-cm 

in table 13. In ClQSt of the e r.ass correleti on co-eff!e.ienta betwceea 

r&oponaes (bi) amont the chsraetors ware non-a.18nitica.nt whi.ch J.ndi.eate4 
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that t he Yuri.atio:n i.n :re9p.0nse of a c haraet4l~. with changing 

en.viro.nments •aa ztot corr.elatod with that ot anothor cnaracter. 1'he~ 

was • relat,icnsr,4.p betve~n ar,ikelet nURib@r/panicl<! 'flith kernel nWl'.ibe,r/ 

· pM.icli'J as tile co:irrslation co-et!icient(r) valut! waa ,significant in 

tb.ic c ase. In t he cas-e of eorrela t:l..on "between gtabil i ties (D~) among 

t h'°' charnct~rs (table 18), panicle length w-ere pesitively aml si.gnifieelitly 

C.O?'related \"Ji th a;pik.eilet number./pani.cl'3, kernel numbar./panicle and dry 

shoot Wt9itr,ht but ai.f}niti.:&.ntly arHt n~g.3.tively correlated with tiller 

numher Md fresh roo·t we.:tght. Spilc.elet number/:paniel~ w,9s significantly 

and nei;ative1.y correlated with tillf}r n\irnber dry· shoot weight and .fresh-

r;unoor/panicle. Kern-el .number wes aign.ificantly and nogati•vely correlated 

YJ.ttb t.i.ller 111.unber, dry shoot we,ight and -dry root weignt. ~1C1st of the 

between stabil,ities a1rong cha r acter which sug3e r:; ted thg_t the Yaris.tion 

-;;; . . i .ll d t z,- th t t • .,.,other of Dd yoluas of one cnar acter vrna - outtJHtn en . <'h · a o ...... 

c}i&'acter i.e. fluctutition in the atabJlity values w:1.th t he cha..Vlging 

onv:h•onmenta ot one eh.~,racter was not assoc.iato4i \rl.th ·that ot the other. 
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Tabl e 11. Population metma over replieo.t:!..oo.:s, treutmento and -&eEu3ons. 

Che.ractere Chines e l !?-8 I H-.532 I ?.-'-'O IH-5 

l'aniele length . 23.20 .21+o·i? 23.00 . 24.6.2 23.73 

f rimar~ bl."'anc·he8/ 
p rmi.cle 12.19 12.32 10.47 1;.~.20 10.45 

::ipir.:-~let ilumber/ 
psnir..le 158.71 153.06 150. lt6 193.55 1;o.69 

?erne-1 n.umbGr/ 
p::1nicl, 131.15 1,36. ?5 126.65 - 1?4.32 129.52 

1CO kernel weight 2.11.t 2.24 1.78 2.10 2.08 

Yield/plant 53 .. 34 38.32 4.7.86 47.90 37002 

·r:111.e.r number 22 .• 40 19.30 29.30 19.33 16.78 

.tf.t~t-1sh shoot weight 128.31 1}4.76 168.57 1-16.23 135.19 

~)r:, shoot wei.cht 4?.25 60.02 69.84 45.90 T7.53 

'f I'ceh :_root weieht 94.o; 105.03 63.69 73.a2 92.69 

JJr~l r-:oot weigt-.t 32.24 4.5.91 32.03 }e • .59 34.}1 

I lon t he:.txht 90.51 85.79 75.66 89.74 99.39 
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Table 12. (Contd.) 

11·r-ast~ :i'OCt oC .... ! .. t . ., rJ,t ·-~~:. :; . v.a. _, _________________ _._ ________________ _ 
1 1+1870.44 18j.99 

,i, •• 
54.62 ••• 33.571. 19 

9904.65 ••• l;3.5, 6672.65 • • •• 10.86 

N X Y ? 1370.02 6.02 
.... 

ffo9.:,1 

Genotype (tr} 4 9162.03 40.26 ••• 13370.16 21.?5 ••• 

fj. ;,. y 4 4791.96 ••• 21.o6 "'"'· 14,560.11 23.72 

G X N 28 415.06 1.83 
, ... 

641.48 •·•. 1.05 

G X I X N 28 174.9? 749.01 ••• 1.22 

Uc:pl.ic t1,tioa in 
1998.71 

.... 
,.25 

614.66 

r>:i. .. i ro:-:it ~ei,.;ht _, .. ----~ ll~t .. hei.££:! 

.... ••• ~easc;n en 1 1142.'/6 10.10 978.5.67 411.94 

1197.1.}g ••• 45.2/j Nut:r·ition ( ~' ) ? 10.se .1.91 .. , 

N X y 7 59.17 29.?2 1., 25 

••• 149.50 ••• · .. onct:r.P• (G) Jt. 1629.38 11~.4o 3551.25 .... 
411.11 ••• f" V 'f 4 2329.25 20 • . 59 17.31 t~ A 

/V u X M 28 21tt .. ,9 1.90 
.... 

21.37 

s•"• 30.66 ••• 
G X ? xw 28 1:;3.70 1.1 1.29 

nep:?.ication in '8'' •• 
Y •S fJl' 8 4 642.70 5.\) 19.33 

t-:nv;;r 156 113.15 2,.10 
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Chi~ese 
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3·1.01 
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IR-8 IR-532 

r " • -0.~9 

.. 
-0.19 

o.06 

.. 
-0.19 

" ,... ,. 
-0.19 Oe't1 -O.O~ 

2.00 

.,. 
11.2'+ 

IR-20 

0.12 

0.02 

0.17 

-0.10 

o.oa 

0.12 

, ... 
0.'+2 

IR-5 

0.03 

6.01 -5.11 

~w ••••••••• 
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14. 

i lM icle 
ler:;:;th 0.14 -0.08 o.45 0.16 2.88 

P1~l!~~~ry 
br.:ui ch~.s/ 
pa:r..icJ.e o.66 0.02 o.48 -0.09 1.4o 

3r,i1wlot 
nur::bor/ 
f,W'.licle 259001 9?o70 15().8? -40.86 724.10 160.63 Co.57 97025 •25e}3 lt43.92 

Lc,rnel 
nufnber/ 
p~nic1a309o90 84.61 115.03 -58.,56 761.4} 221.86 60.57 &2.35 -41.92 ,545.12 

10 0 
'ke:rri.~l 
lle.:t1.f;ilt 0.03 0.01 00001 -0.013 O.Ol}8 1.45 o.~~. Oo05 -0.63 2.32 

?ielJ/ 
pJ.r.,;int 12.05 -6.50 64.59 30.05 1!}3.80 26 • .59 -11+. 35 142.55 66.32 359.1+4 

(_i":J 1J..~r 
numbor 21.81 1.32 1.64 6.47 17.03 101.73 6.16 7.65 30.18 79043 

:'!'l·eeh 
or.<H:'>t 
weie;ht 221+~01 98.43 229.65 305.09 1221.42 163.97 72.05 168. 09 223.31 894.0} 

L'ry 
shcot 
wei~ht 86.04 4o.o2 192.37 .17. 53 22.7.5(: 143. '14 66.58 320.03 .29.16 "5?8.:ll 

~.re,:h 
r1;1ot 
W0igbt •22o9? -17092 576.,0 44.?8 61~.66 -z6.?5 -20.8? 66.?4 52.15 715.89 

fn:·;l 
rc,ot 
•~~ic;ht -16.26 1:,.45 91.1~ 6085 113.15 -44.4o 36.73 249.81 18.71 }06.98 









Csenotypee b1 $b.1. 

Cl,in&ce 1.76 0.26 

1 :.:-0 0.71 0.24 

I ::i-532 0.72 0.17 

I '.<-20 1.12 0.26 

l :1-5 o.•72 0.17 

Eartlett•a 2 
x.d t , > 

\ 0 ' - =:r+ 

Chineee 0.81 o.,o 
I K-8 o.9tt Oo24 

18-53? 0.69 0.29 

l ~-20 1.2, 0.29 

l 'l-5 1.21 - 0.24 

CJ1irtfw ,e 1.16 0.09 

I H- 8 0.61 0.09 

I H-532 1.04 0.08 

1 1,-20 1.43 0.06 

I !{-5 0.71 0.08 

I 102 I . 

-0.29 

JJ.28 

0.12 

~.28 

-492.43 

-651.58 

-438.16 

-629.61 

0.63 

o.80 

testing ho.mog.snity of shs. • 5.5739NS 

·mo k0r;1el ue1.r;ht - ---~"'lWliloa 

-0.19 -0.035 o.~;-1 

-0.06 -o.oz.o 0.1a 

-0.31 -0.037 o.54 

0.25 -0.037 . o.76 
· 0.21 ...0.0,.1 . o.so 

!!~WJ2l811 t 
0.16 - 8?.53 o.96 

-0.39 . 93.12 o.88 

0.04- - ·102.33 0.96 

o.4, -121.56 0.99 

-0.29 -107.33 0.9:, 

Contd••••••••••• 
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'l'able 16 ( (!on t:l.) 

Gcmotypea 

Crdnese 0.94 Oo09 -0.06 

I t -8 0.69 Oe09 -0.,;1 

I R-532 1.44 o.1i. c.44 

l !i-20 1.20 o.oa 0.20 

l:F.-5 0.74 0.14 -o.26 

1.15 0.08 -0.15 

1.0:, 0.10 0.0.3 

1.05 0.14 0.0 5 

o.96 0.05 -0.04 

o.86 0.07 -0.14 

0.78 0.,07 -Oo 2.2 

1.28 0.11 0.2a 

0.12 0.20 -0.28 

o.87 0.07 -0.1, 

1.37 0.13 0.37 

-10.66 

-10.59 

.3.95 

-11.90 

-6.16 

- 900.10 

-f/l?.44 

-121.98 

-1078.88 

-962 • .53 

-189.08 

--125.19 

9•1.51 

-192.26 

-86.07 

o.94 

0.89 

0.95 

0.98 

0.94 

0.90 

0.99 

Oo96 

0.95 

0.95 

0.69 

0.96 

0.94 

Contd••••••••• 
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'!'able 17. Hesulta ot correla t ion co-e.f.ficienta wd.thin c·h!U'actera 

r ;anicl• leueth 

t ·ri.Rary b1·anche::i/ 
p ::.v1i.cle 

.:3 j,i lrel~t number/ 
pa.niele 

.e1•n.el n1.1moor/ 
p,mi.-cle 

100 t.ernel wi~l~t 

Yi~l<i/plant 

~ill.er number 

1-'reah shoot •-:eizht 

'Jry- shoot weight 

f ri,rah r oot waiL~l1t 

'iiry root wei~ht 

l'lant lleight 

Correlati(')nl.t 
E et1.ttl021 :..-,an (Y} 
and bi 

0.816 

0.799 

Co312 

0.139 

o.448 
o.e15 
0.793 

0.155 

0.50.5 

o.87~ 

0.69 .. 
·0.939 

0 • . 1% • 

•• 
••• 

Betm,!:2 mean(X) 
and Z4 

o.422 

·-0.313 

Oe8~5 

0.61, 

-0.3.5 

o.o64 

0.522 

•• 0.955 

o.66 

-0.0% 

-0.94 • 

-0. 202 

-0.10 

-0.524 

0.538 

0.679 

-0. 16 

-0.515 

0. 345 

0.,21 

-o.426 

0.306 

-o. 36 

-0.248 
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(u) 

l'll<,an p~rformances of cill the ti ve chara.ct(!1.•s ever t hree Nplications 

an4 e:t,eht gen~t;ypes tor each aeaGiem and •ach treatment are ehoan in table 19. 

1'1:tt envircnf.!lental. 111.~l'Jfl:3 ( table 19 ) shovsed tb3t alrooot a.11 the ch!!lract~rs 

were hiihly affected by seasons ae well as by difforent nut.x:--.lticmol 

tr~a.tNnts. Na:id.rau:D .shoot a'ld root ~ithtrJ (both freoh and dry) 11ere 

ol)Se!"'n-d i.n caso .. o,r HFt<t, NP md N,. M.a·dmum plr.u1t he:teht 11~3 obt3erv1'-d 1n 

:ar,: eoril.bination dal"int3 aeas.on I!. 

,,optll.ation m,9009 ov-er np-licati,ms. troot.rnen ta a,"td eeasona tor all 

t he f:i..·1e e!~ar'i!ctera are ahe1,n in table 20. i1ar1.ed perf0rr-.i.ancee were 

e~t,itd.ted by different genotypes. In cese or shoot ~i0ht (both fre3h 

and dr~) l'iai~reotl showe'1 the maximum weight followed by Badsh.abhog and 

t ho miuiwm wla;ht was feumi in lH-,?o. l;1e:dr~h.ablu~i.: 3howed t he mrud.mum fresh 

~d. dry root we1$ht 1m,d l R-532 sb:(lwed the m.tnit!lurn r oot weight. MBJd.mum 

plant haight (PH) was also obse1~v~d. in Badshnbhos and the mnimim 11aa 

fau.nd in IR•5J2o 

Usual a."1aly3ia •f vari&.nce •f the> da.ta was t he.a made se1>aratel1 

end t hey are represen t ed in table 21. For all the tive traits, the .items 

ganot,y-paa (H). season (l) and nutrition (n ) weN M.ghly ai.31\.'lficant 

i..'i.dicatins tha t a real differences ox.1.sted among the geru>t:>Tte8 which 

were, gr.,at2y affected by oeru311>ns and a real effect et different nutri t ienal 

t.r"atoente ef N, 1'1 K and t h01r combl.nationa ex.lated. '!'he anQ}.y.sis ot 

v ~r--lance (ts'bl& 21) alee sho-ed that t he popul:;tl1>no in t.eracted aignifi.

c autly wi'tb all ·t he envi.rom»ntal effscts {oJ.imatio and et-191,tic) in MSt 

of the characters. Am8ng the interc1ctiono G X Y waa hig\.1.y .si~fic:dtt 

iu all the t1ve traits; G JC N wae s1enificont in case of day aho!!i>t Night 
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( D, ·~:) dry :roet weight ( DR, ) and l)lant heieht (i"H) · 'but it was non• 

a5.gnifiean.t in f:resh eh~ot "8:i.eht (:rsw) and fresh ro-,t Night (1'"7'?\·n. 

:! i~ wa s Bif''.\lifice.nt •- C""~•• f 't,~"'4
' d n -' i t t ... ....u """'"'"' o ,:.:"'',, an ,.,s~: wl'leroas t waa tiQll•signi ican . 

in cat10 of ~-::·-,~ , J_~;; and l'1t. The thir• ordet" interact i .cn {G x Y x n) was 

si,:i;niticant iI'1 cas& of :or:_;~~ and PH only. 'fho replication was significant 

in caae ot !'R1 and rm\·;. 

Since t he analysis of varia.'lce indicute-d that the ~enoty;pes in 

t ~1is exper.'l.!'L\Ont were hig t-.J.y a ffected by nutritional trea.tments as wall 

es seo(:Jons, further SI13l:ysia was carried out to ovaluats th• i.n:tlvidual 

ef : ect of nutri~nts 1n each s~ason tor each t;onotype. Ae the effects of 

different nutrients on t:hineGe, I ~~. n,~532, 1:::-20 end l ?l-5 ui beth the 

t wo scs.s-ons tor these five traits have alre~-:>i·:ly been t abulated an.i 

diaeuseod ( table 13) t he e1'£oct3 et nutria ltS on 1f{;)i.zersail, Badohabhog 

end Kata.r1bhog enly in reJ.atton t(I t he five ehsraeter.e are s he\ffl in 

:f'resh Shoet Woight ( FS\0 1 N had sigaifi0~1t pcaitiv• effect en 

aignif.ictmt in ca.as er Badahabnog du.ring Y 2• The etfeets et P wu 

sit;nificMtly positive en P"SW 1n case et Naizersoil in both t he aeasans. 

j_n Ba.dshabhoe and Kataribhog during Y
1 

but tta effect. on F:.rti was negative 

111 cuse of P.adshabh&g an~ lattU'ibhog du.rin5 r2• k si3nitieantly decreased 

t h0 FSW e-t Jfodahabh0ff anJ Gt l1a1~eraatl during Y 2 whff\las :1t ei5nificantly 

i norEHtsed t he r sw f>f Badshabhog snd .Kat.ar:1.bhag durlng Y1• Th• etfe-ct due 

to WP was eignificant in all the ca5ea but the ei't'~ct was ne~&ti ve .m 

Nai.zers!iil and f.'.s taribhgg du ring Y2 • NK &loo ahowd sieiu,.ticant pesitj_ve 

e:f'f-,ot cm rsw i n all the varietiss oxc;,,pt t'faizersa.:1.1 during 1·2 whar• it 

wan negatively sig-aificant. $~1ificunt positive eff.ect ef PX wa.s 
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Cb5erved en Nai""-... r"'-·ll ,I \r t • tl ,.,1 h '1.. ' - d: 1,..,; "'!:'I' 
'4~ ""gJ. au,.. ~1a :.i?':l. bheg du-ring Y 

1 
aud on. L>~~a, t11rh,10g ·, ""-•-~o 

Y 2• ?lPK 'hau 3 ieni!i cant poa1 ti V'e e.tfecta on f:1 . '. in ea8e or l! adsh.abhog 

iiurlng: Y 2 an\! Kat~.fr·.i. t,h.0g in both t h.& &eaaons. 

Dry i>heot Weigtt ( !.)mi) , N bad sii311ificMtly pesitive effect en 

:::>SW was depend4n1t on. the 

mst;:;h~ cr;s.,s s howd . 

c.1gnificant e.t£0ct .on D:~w. rne effect of 1< was 6i.6Bificantly neuat.ive 

ou· Nni zers&il ana. P-adshabh~g in oot.b the oeasons . ;;;i cnif'icant pesl.tilfe . 

et:tect due to NJ:> was n0•t&II in all t he vari.etir;s e,~cep t N~z~raeli.l du.ring 

Y 2o NK had sit>nifica.."lt p•si t1.v1> effect on DS·d in case et :i-~at.zers~i.l and 

Ead.sl.abncg .iurin~ T1 _ and in case ·Of t:atr::ribhog in both the seetB0ns. 'l:h~ 

ef.f,!-f ct er PK w~ ai.gni.f'i.cantly pw.sitive on :·~a:tz~ran11 aml •·atariuno~ 

d.v.rin.3 Y 1 s.nd on Badshabhot daring 'i
2

o :N:.K b~d :posH::ive an::1 significant 

e.f:!.'ect on Naizarsail during Y 
2 

~md en I(&taribhQg during Y1• 

r resb noot ~·e:tght (f!:t ;~) 1 N significantly i.ncre,!.'taed the rm~ o:t 

.all var.1.etieJt in both the seasons. 'ti.le e.t .t'oct of P was aignif'i ca:1tly 

:positivo en Naizera9il. and Balshabhoc durin5 Y1 and on Katar-.l.bho~ durl:15 

t 1 smd Y 2 . K he.d. ai.gr1iticant n1tga.ti.ve ei'fect on ?:\'..:t;i fl·! Haize.rsail and 

.B~aG~mbho~ in b~ th tt._,s s&o.i1ona and s;'.1.znif'icant poGitivo e ffect •n ~":.--U 

ef Lo.t aribh!';;s durini Y2 only. Si ~ni.ticant pot,itive effect due to lf.P was 

ala~ :found 1n ca . .;e •t l'h:iiz.orsail ial'Ui Baisho.b.hoz in both the a-ea.eons but. 

ve1·y .o~..ll and neg,&.1tive e f'.f'l 1Jt c,,;n Kata:.-ibhot: was not,ed. Si gniticMt 

I>,;)s:!. ti•11• e r:r,.,ct ef NK was cbserv '?d • n B'.ld:>r.abh1t>r; a.'7.d I~ataribhot; during 

y 
2

• FX also 1.n.cre,asad );y;'.i 1.n all th.at csH~lh NY:?l btui si~ni.f:ioaut m&t3ative 

aff ec t on l'7£'.fv ot NQi.~eraai l dw~ing t 1· mid of Bad.ahobhog in both. the 

lJi,eal:lol.lG but ~nlY .Katori·0nog had. ais"ni.f1c.nntly JJo:ai t i ve e ff--,c t e-:o l'Ri'I 












































































































































































































