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Abstract 

'The investipations were underlaken tu stud) lhe genetics ufrlt,alt fly re,i,lance in snrgl~un, Ihybridr 
sfcylopl;l*n~ic malesterile liner with apeci;ll empl~asis Inn tile inherit;~ncc lnf different chartlctera ;bh~~ci;~ted 
with shunt f l y  resbbance in difteerent senanns and In ertimute the aver:lee daerae ufdsnlin;~nce tor ruull 
characters baidcs infornlation on the Ileterosi, and nature of combinin)! alnilh). 

A linextcrter exnerimenD usinn a total of 12 cvlunl;uimic rn;~le rterile line* and I 2  diverse resturer* 
1" nlne .el> c d ~ l l  ,ct runwtnan: 4 \ 4r~#nlbin.1tlun, vere undcrldhen I r 118.. In~e~;.xdtn,n. Tlle rr.ultls: 
I 44  11, brid- and 24 pJrenL. ulong 11t11 ei:llt 'wnaard <llcrh> *ere e%~lu.8tca ,I lu r  1nrtrn.di0,n.l Crvp. 
~esex;ehlnstitute h r  the ~ e m i . ~ r i d ~ r o o i c r  IICRISA'T). Patancberu. Andllra I'rudesh. India in the ra im 
and postrainy (1995.96) seasons under nnhlral and 11rtifici;ll envirrlnrnents with varjing levels of rllnot 11) 
infest?tion. Observatioll* were recorded on early reedling vieuur, gllhsine\\, eel! count, deadhvart %,5'"e;al 
length, 5'"eaf width, 5'' leaf droopinew, trichnme density, uniformity in  recutery, t oh~ l  tillerr. pn,ducli,e 
tillers, yield.UN1, yield.], plant height and days to 50% flowering. 

On the basis ofoverall performance for different characlers, the resistant parental lines and Ilybrid, 
involving them were superior compared to the susceptible purental lines and their corresponding Ihybridr. 
The susceptible parental lines had significantly more egg laying and higher percentage of deadhearla 
compared to resktant parental lines indicating the breeding methud empluyed to develop the resi5tunt 
parental l i ne  waq eWecticlive. The genotypes with primary resistunce were found to be highly vignro~lr, more 
glnny with maximum 5"lexf length, 5* leaf width,SUleaf drnopiness and high trichome density during rain! 
seaton compared to postrainy season. Resistant parental lines and hybrids sllowed maximum uniformit) 
in rmvery  compared to susceptible parental lines and corres~ondine hybrids indicating that the tillerr of 
resistant Eu~t iv i rs  are less preferredby theshoot fly for egg fayingarid hence recovered fast compared 111 
susceptible cultivars. As expected, the busceptible parental lines recorded higher grain yield planl" 
compared to resistant parental lines indicating the need to impruve the yield potential of Ihe rerist.~nt 
parental lines through further breeding. 



Correlation studies rcvcalcd that the sccdiinp charactcrs, Icnf nnrnmctcrs, lcnfcharactcn, rccovcrv . . 
trait3,grdin !icid and adaptation charrctcn vcrc corrcldtcd n i l h  shoot fl! rrlir!.ncc pararnctcrq (egg count 
and dcaJhcart%) but thcir in tcrrc la l ion~hip~ nnd thc mapn l t~d r  nfn*snrialiun in thc nrrcnts and htbr idr  
varicd in rainy and postrainy sealan,, 

Inheritance and gcnc action studies bascd on h)l,rid group mcans in rciation to parental linc group 
means indicated dominancdintcnncdiatcl ovcrdominancc lor  susccptibiiit) (ar measured by cgp count and 
dcadhcnrt %) in various hybrid and parcnt groups. Dominmnt gcnc netion was ohscrvcd for low sccdling 
vieour and non-glassiness in low tcmpcraturc conditions. Scaqon rpccificitv lor  trichomc dcnsitv was . . 
rcflcttvd in Ihc h!bndgrvuprdcpcndlngupon thc 1)pcof pdrcnts in%cI%cd .bnd it.* dcndt! (ds3l.rirtcd n ~ l h  
susccptibii.h) appcarrd 181 hr .Jd.t.%r. I n  thr  h!br.J, uf PHBR c r n l  (p~* l rn ln!  $ca~nn.llrcd rcqi-tan# fvmslc 
iincr: grOJp the lrichomc crprcwlnn during rain! $ r a w  ,bar Ih,,cr than p ~?t-r.!tn! scr'on. On ~ h c  othcr 
hand, l tau retcrscin tho htbr.ds of RBRcmq (rdlns srrrt,n-brcJ rcsilldnt cmr ilnesl ~ t h  ch weeurt rd lo$$ 
density in the postrainy scason, nnd high dcnsity in  tho rainy reason. Sanw was nlr$cncd in thc parenlrper 
se also. Conridcrineeenc action l o r  Icaf paramctcrr it was elfar that short lcaf dorninatcs avcr the lone Icilf. .. . 
Similar results rvcrc aiso rccordcd for leaf n idth and l e d  droopincss. I n  rcrpcut to uniformity in  rccovcry 
among the hybrid groups, thc hybrid groupr involving rainy sealon-brad fcmdics rccu\crcd well in  rainy 
scason and postrainy season-brad fcmalc hybrid groups rccovcrcd rrcii in postrainy scaron demonstrating 
again the cffcctivcncs~ of scason-spccifie brceding that had been used in dc\cloping thcsc rc3irtant fcmalc 
groups or this might havc aiso bc due to rxistcncc o l thc dilfcrcnl I!iotypc? u i t h  time or due 11, hoth. This 
howcvcr, nccdr to bc furlhcr confirmed, cspccirily in  no-choicc conditiuns. 

Acrilicalcvaluation of hybrid combinntions with hiphper se pcrfarmancc for ion dcadhcart % a i th  
hieh hctcmsirovcrbcttcr~arent and combining ability rcvcaicd the folioiring supcrior hvbrids harine hieh 
yr>n!.ri~ mportrain! sckon: SPSFR~~~OI , \ I  ICS\. 88088 a i l h  grdin !ir iJ 0f--.50 i l > 0  anJ 9915 i l )  
g plant', SPSFR 94002A x ICSV 712 ,$ilh grain! ciJ 46.03 (USI) and 55.97 :I) g pldnt..SPSFR94tlll2A 
x ICSV88088 with grain !lcld 55.25 I XI) and 6-.33 I, p p i ~ n l  .SPSFH 94bl2A i ICSV #)il l5 n ~ t h  Y.3') 

and 66.97 O g  pldnr',SPSFR940!13A r ICSV 88188 s i t h  83.75 (1'>11 m.1 54.42 (1, g pldnt', SPSFR 
94003A r ICS\' 89030 ai th 56.26 ( 1  \0 dnd 67.1)R (1) y, p l rn l  , SPSFR 94 .d l  4 x ICS\' 89J30 a i l h  72.88 
(USI) and 55.18 (1) g pianr bclonglng to RBR cm, r RBR group,SPSFRY4 u l a  x ICSR 93119 n l l h  grr ln 
!icid 62.33 (131) and 56.00 IJ) g pianr' btionpmgtu RBR cms x PRLR groJp. SPSFPR 9L02A x ICSV 712 
al th 43.33 U\l)anJ 73.67 m epianr ltcioneinp lnPRBR rmr I RBR eroLp and SPSFPR~J~O?A r ICSR 
93010\vith17.86 (UNI) a n d 5 i . j ~  ( 0  g plant-' 'belonging to PRBR cma x PRLR group comparcd to chcck 
M 35.1 that rceordcd 41.89 and 53.39 e plant-' in  U N I  and I8amplcs rcsnecli~cls. Furthcr thc hybrids 
SPSFR 91001A x ICSV 88U88 and S P ~ R  94001A x ICSR 93009 acre ;clcctcd~during both rainy and 
nostrainv seasons lndlcatine their rotcntiality durine both thc senruns and rnav bc recornmcndcd fur wide . . " .  
cultivation alter further conlirmntory trials. 





CHAP'I'ER 1 

INTRODUCTION 

Soryhun~ ISur~hrcm biuolor il..l hluench] ih nne sf the nlort inlporliml eerei~l crop in lhu aen~i.;~rid 

tropiu(SAT1. I ndh  isnm;ljnr producrrsfrorgl~um internaliun.~ily ~ i t l t  some I 3  hl 11.1 praducing in crce,, 

0112 \I lunnually (TA0,IYVJl. (;mer;~lly gr;~in )ield* in R~rn~er '* f i r ld \  :,re Ihn, r.~nging f ren  50O.XOO kg 

llx'due lo bintic and:~hii~ticstrer~r.;. hlnst production (abnul 70%) lnccllrr in lhv rain) ik l~; i r i l l  ae;bran, hut 

rubstnntisl pulenlial rrisls for the enhancenlent ,nfportr.liny i r .~b i l  reason prodtlction. 

\Vnrldnide, insect pe\ls Inre the major lbiolir *Ire\% heed by the sorebum prnduccrr 'There ;(re over 

1.50 insect specie3 rvhich d;lnl;lge aorgllllnl pl;lnl\ ~~IIIII slnving to crop Ih;lrbe.rl ihe.;l!o Kedd) :lnd Il;trir.r, 

IY7Y). Oflhhu, tilesuryhum shlwt fly, A l r r i p , m  roecala Knnd:tni i t  one of thc m:ljur perts th;lt ~ l e r t i ~ l ~ i l i ~ r  

the prrfilrmance ufrorghunl rultiv:~rrand ullinlaleiy reduce horehum preduclius in n8;lny part> of the world 

(Se~lnb Heddy und I)avies, 1978). I n  Indi;~,aurqlluni crop Ios,ea ;Ire e*tinrated ill ;lbnut [IS S 311 nlillion per 

annun, directly attributed lu shoo1 fly. 'The redl 111s*r1 inre conriderably lhiyher hec.~a,e the n~:m.lacnlenl 

practice filr avoid;lnce ufallnot 11) in pertrain) ara<nn d~clrtes delayed ~pl.~ntiny. \,hicll le.~d, to depletinn 111 

soil w t e r  conlent and cenrequenll) lo* yield,. Con\entinnill n~c l i ~od r  lor lhe control of *I111111 fly itre no1 

practiull srcosl ell'eclire for rubrktence Llrmarr. Re\irNnt culti\;trr ;Ire ;I resilirlic nltern;rti!e 111 ~hcnl ica l  

control, iflhey ureable 10 compeleecunomically will! lhc n~mmonly "red Ilyllr idr ;~nd trrietie, :and u;ln Ibring 

stability of production under lurv.inpul condilien*. I)urinp the past 1w11 decade, rsrghuni productian 1181, 

considerably incrmed,apwhlly in rainy searon, by exploiting lhylrrid viyuur through lllr we  of cylopl;trn,ir. 

male sterility. Huwever, high yielding hybrid* are hiyhly ruweptible to slleot fly inferlation which niten 

resulls in  severe damale (Rau and Ran, 1956: Jotwani and Srivastdva, 1970). 

Blum (1967) and Jutwani or al. (1971) suggested lhpl  resblance lu shuul fly in  sorghum w r s  due In 

nvipositional non.preference. Bu l  the efflcacy of Ihi i  mechanism was reduced under heavy shout f ly  

populalion pramre(Sin#h and Jolwani. 1980a). Silica deposition and abundance of rclerenchymstou\ celb 



in the lhfdhht lh Il'llnnaiya, IYSlb1, lricllonba on the ;~bari.ti aurbce ( h i t i  ilnd Ilidinper. 19791 and plos\y 

leaves - pale ereen, snloeth ;hnd alhinlng lea,ea (Ag;hra:hl ;and Hou.;~, 19x21 .are repnrlrd 11) Ihr fhr I.ictora 

responsible for prim;hry mecl~a~hisms af ahnot Ily resist;hncc. Sinpb ;~nd  .letn.;hni IllJHllbl ;;nd U;hin;h ur 0 1 .  

119811 presented direct evidence o f :~n t i b i~~ \ i s  in  aolne selected eultiv;lrs 81nd Il~hceett an/, i I97111 i~ lent i t ie~l  

recovery resial:hnce/tuler;hnce ~rhiclh is ;~bs  prnnliaing. I.in~ited infilrlluitilhn is :~rail;rblc Inn the #enetir 

m e c l l ~ l n i ~ m  an11 nature 01'gene ;~ctiun Ibr aheol Ily re*i\l;hncr, where scl;;lr;hte \el* 111 p;lrmlh ;ire tried to 

develop Ihybrids. Hence, ;an underatanding of the cenrtir* I I~  rc\i\t;~nce in rrI.11i11n 111 \;~rying levrlr of a l~o~i f  

fl) in leel ion tlir~ruglh tlhe study ~~fcnn~bin ing :11rility for +i1n111 Ily re\irt:tncs und ;In a*\errnlenl ~ n f  t l ~ e  utilil! 

~~ fd i l r e ren t  p;lrent;hl lines are ofp;hr;hnhount in~p~~rt;ince. 

Several klctllr* i~\*ociated n i th resi\l;hnce :!re pener.hily fuund in the r,hin) se;hon.:;d;~pfed I,~ndr;lcer 

lilnt hare been \elected lhrer a perind ~nflinle h ~ r  sholhl Ii) resi,t;tnce, but in  general, 1andr;hrer ;Ire not lhigll 

yielding. 'l'lhrse landrsces itre tall, sururptible to lodping, phr;lu,en,itire. Iihte n;;$l~;ring ;hnd I h s  )iclrlinp. 

'There have been utilized in breed in^ progr;hm\ in an attempt to tranhkr reri5tance to net" Ihigh-yielding 

cytupl;l,mic maleitarile lines lI~ere;hftcr referred III ;IS cnls lines) and rertorer liner. On the otlhrr Ih;lnd. t l ~ e  

postrain) auwn-adapted l i ne  hnre been knunn 111 pos\ess de>iral;lc attributes L r  grain qu;!lity Ihe\ide* llle 

phutlhptriod senritivity and tlheae ;are known In inherit into F, hybrid.; either ur clhmplete or p;lrli;~lly 

duminanl tnhith. Postrainy ae;haun.ihdapted Lhndracw are generelly nheder;htel) reri\t;hnt tu sl~uut 11). He\ulta 

in preliminary atudie, ako sh~~wed  t l e l  the resistant factors interact with the se;l*nns (IUUISA'I', IVY21. I t  

has been ehlablislhed that there is consider;~bie Iheteru?is for grain ) k i d  even under po,tr;~iny senfnn 

conditions (ICRISAT, 19931. I n  order tu exploit Ileleraria for prain yield, i t  b therefore important tlhat one 

should aim at F, lhybrids as clrget materiab. Huaever, i t  i$ knuwn that sh~nrl fly resi\tance, mo;hrurrd .It 

deudlheart (701, behaved as a recsive trait in F, Imeuninp-the F,s of landraces croGed on auscrptible nh;tle- 

sterile lines aresuweptible). Therefore, the praent  study waa an effort to understand genetics 111 resiskhnce 

in rehtlon to varjing levels ofsho~)t fly infestation in lhybrids of cytoplasmic male sterile (ems) lines. Mnre 

specifically, it has the lullewine objectives: 



I. 'To asses.$ tile levels orresist;lnce 1% de;~dlle:lrls) ;!nd other R~clsrs s f  rehbt,lnce (reedling vigclur, 

glos~ine%~andleafparamelers.lena111,aidll1,curmlure,dro~1ping deplll ;lnd tricl111n1n1 in dilyerenl 

season>. 

2. TO Ilsses* tlle el~ecls of season.; 1111 the inter- r r l .~t ior~r l~ ip of $; l r i~~u\  L$clora .I reai\t;lncr i n  rlilYerm1 

types a l  F,s. 

3. To ajsess ll le generill n~n i l~ in ing  allilil) ((;CAI uf re\irr;tnce (90 de;ldl~e~rlsI ;snd i;lriou.; I;~clorr IIP 

rehistance. 

4. 'Toidentify tllecmslinm and rerterer lines ail11 l l i g l~  (;CA r l k c l r  Llr re*i\I;~ncullo de;tdi1u.lrlhl ;III~ 

various hctors of re>ist;~nce. 

5 .  1'11 select lhigllly Ilelerfi~lic Ihyl~rids fur g r ; h  ~ i r l d  ail11 \IIIIOI 11y rehi*tilnce. 





CHAP'I'ER I1 

REVIEW OF LI'I'ERATURIS 

'Tl~edevelepnhent and releare ofnew asrghunh llybridr and !;~rielies nharked ;I genetic llreak througl~ 

in llhe ether~ri*eali~cnnnt jield lrrek in Indi;~. Wilhili i t%horl period. i t  $);I\ rc.nli,ed tIi;~t cone 11fllle in~porl, lnt 

conslrainhin popul~lriringll lwe Ihyhrida\\;!a their lhigll *u\ceptibility 111 hhill1t 11). I n  vie\+ 111 lhe >er iou~nev 

of the %I la~ t  11) prl~blern in rllrgllum :~nd  owing 10 the iin~il:;li,,s~ (like lhigh cwl*  itnil toxicit) lh;~,itvd*! to ;I\Y 

ofchen~ical c~mtrol, i t  i r  necess;lry III develop nea v;~rielie* or Ih)brid\ \,llirl~ p~~rresr  rni*l;~nre 10 this pert. 

Extensibe revie\vsor various ;hspecls l ~ f s ~ ~ r g l l u n ~  hart-pl.lnt reaihtunce lo rhcll~t 11) ilnd lhe progress lnilde in 

varil~us areas nnmely, hcreening lerl~niques Inatural and srti l ici;~l n~ctho~is) ,  n~ r r i r .~ i~ i \ n~ r  ;and \ l :~ l~ i l i t !  111 

resbtance, Ihio.pl~ysic;~l and lbiocl~en~ic;~l factt~rr of resirlance, I .~rv;~ l  er l ;~ l~ l i r l~rnrn l  in l l ~ e  plant r b ~ ~ r l  ,III~ 

f;lctnr, associated )!it11 resishlnce i!~lliltilc%, seedling \ipuar, g l~~\r inerr ,  leaf rorfi~ce netaeu, etr.! itre %rcll 

documented IPonn;li!;l, 1Y5la ;~nd I1)Slb: I l luni, I967 ;~nd 1071; ihlggett, 1071; Slt.~rni:l elnl., 1977; Sing11 

ulol., 1978; Sukl~rniand.lutwani, 1979; .I~!ts;~ni 81nd I)avieh, IYXO; h l ;~ i l iera l . ,  IYXO; I(;I~II;I cIuI., lYKl: 

Agarwal nnd House, IPX?: I(l!ur:ln;l bind Vernla. IYX2: I<;lin;l, 111X5; N~~:ln!c urol., IY'JO). \cver;ti rehi*t;bnl 

r;~rietie.r lhave been identified nil11 wurces ut reri5tance were utilized in the brccding progr;lm* 10 tr;lnrfer 

resbtance in111 higli yielding Ibnckgruund (Singh, IYXb). 

2.1 MECHANISMS OF KISSIS'I'ANCE 

The major mechanhms of shout f ly reaislilnre au Rtr known are oviposilional non.prebrence 

(Ovipasilion antixenosis),anlibiosL(Painter,lYSI) and recovery resirtance (Duggel1 eta l ,  19701. Kana elol. 

(19811 attributed re;ktnnceloaiumulaliveellect ofnon.preference,due hl beme morpholui?icallact~~rr and 

antibiosk. 



2.1.1 Nun-preference f u r  Ov ipos i t i on  

' l hh  refers to the situation in nlticll the phmt possears Rlclora 111;ot render i t  uni~ttr:~clive to in*ect 

p a b  for tlleirovip~sition, feeding and sloeller. Non.prererence by inwuls i t  uRen prqiected in\ n pnper l )  of 

the plant. 0vipositi~1n;ol non.preference by the shnol Ily in re\isl;~nt cultir;lrs w;ls first detected by Jain and 

Illulnafi!r [19621,'111ey round signilic.lntly leaa ovipo*ition (l1.K eggs p l rnt  '1 on rr\irfbnl r:\rietiea a,mp.brpd 

lusu~repl ib le ones(2.0 eggs pllnt"). I.ater LIlunl (IY69l11. Klu ip~~ngpnn (IY~J~,SIIIII ilY74) atnd hl;l i t iand 

Didinper 11979) Iha~ecunbmed that nen.preference f i r  mipc~sition under Iknv sl~~bol Ily populittion ih is nliljor 

factor in reihtance 111 thesl~ool Ily. 

Sing11 and .lelwani (IYXIIIII ;and I ler ik l r  e ln l .  (19821 indicated t l ~ ; ~ l  tile ~t l i r i rnc)  of this n~eth:~ni,n, 

is not stable and tend, to break dnxn under no choice conditiunr und Iheuvy aho,,l 11) p(,puli~lion. On the 

other Il:ind under cage cnndilinnc, in tht  ;~hsence ctfprcferred host. oripo\ition a:,+ equal <on resirfont ;rind 

susceptible varieties [Jelwani and Sriva\tn\n, IY711; Singlt and Naray:~n:1,IY7Xl.Son~elise~,~~~iporition.~l 

non-preference an.; ;~lso operative in the ;lh\ence of preferred Ihorl(sl ( , l t~t~k;~ni  arol . .  1974: \V;~nxtonl: :~nd 

I';alanak~mjorn, 1975: Kainol erol. ,  19841. liluno IIYhYb) concluded that ovipe4lional non.preference a;$\ 

zipparent in the progenie* ofauaeptiblrnnd rwirl;tnt aorahurn and na* moat inlluenuud b) rhool 11) denrill. 

Ogrnr ,~ I19781 reported loi~l~ ,~vipositiun;~l prvbrence for the second lenf h!lioncd b) third, l i n t  ;ant1 

fourth leaves in tile laburslur), while the third leaf \YJ\ lhighly preferred lo uvipuritisn filllowed by arajnd. 

fourth, tiRh,sixth, lira1 and \e$entll leaver in  the field. Hut in India, I)aviea ;and Sehhu Keddy ilYXlll loconil 

finh nnd fourth leave; were preferred in thib order for ntipo,itiun in the field. On tho cenlrury, Suk11;lni ;nnd 

Jotwani (1979) reporled that oviposition on the fourth followed by the l i f lh  l e ~ f  in CSH.1 reedline W;I, nlere 

likely to caw'de;idheurt$', ahile ovlpnsition an third, second and tirsl leaf re\ulled in ripnilicunl reduction 

in deadhearts. There is abo an inverse currelation between the distance uf dep~~ril iun or egg, from the bnse 

ol lhe leaf blade and production ufdeildilearl in the infested seedling (hlow:lIi, 1967) while thenumber of 

eggs deposited sl~owed significant and pesitive correl.ltion with deadhearts (bilarm;l el ol., 1977). (:roup 

diRerence between susceptible and resktnnt varieties for dendhearts percenbpe was ertablislied by Hana el 

aL (19751. Thwstudier indimled that varielie* preferred Lr uviposilion silowed a high degree ~urdeadheurt 

percenlage. 



Sluditi on behavbsnll re\bt;~ncerhowed III;II lhe i n i l i ~ l  choice of susceptible culti+;~rr *ucll 81, CSH-I 

for oviposilion was rdndom ;~lthougb the l i n~e  spent Ihy f@nl;~lc rho<rt flies on IS 2146, IS 3962 :lnd 15 5613 

(reaisfant cullivarsl was brief (Rainl el 01.. IYXJ!. 111 ;~ddilion, adull fe~n,sle., I;tid egpa on sen-llrel'erred 

cullivars unly ihfler Ihying ae!er;tt eggs on allernale ausceptiblr CSH.1 seedlings. h<~n.prcferenre :nppe;hrr 

lo be a rel;rti>e lerm rince none oftlhe known r t ib l ;~nl  culliv;~rs were rompiet~ly sun.prcferrcd Blr egg Iklyina 

(Sharma and Han;h, lYX31. 

Suto 119741 and Mute e l  nl. IIYXBI studied lhe osipusilion bel~.t,i,~ur ufhl1<1111 fly :tnd repurled III:II 

1e;lver l lfaose af the aorghunl cultirerr rcrhl:$nt to (1111111 11) ~ f r c  p . ~ i ~  green ~un,l,i~red 10 11111 d : ~ r k  green 

roiour,~f~u~ceptibiriulliv;ln. I<;hin;t lIYB2)atudied llhr ~nipuail ion 1,r l~:~vi~~ur o l r h u ~ ~ l  IIy ; ~ n d  reporled III:II 

cnlour, terture and nidtil of t l ~ r ~ o r ~ l ~ u m  le;tfnere iml,url;anl filclorr in \rluclitm 01 l t ~ c  o\ip<~\il ion \ebrlr:lte 

by lhe female il). Nnrrervness ;tnd erecme\* of le;t\c* rcducrd Ihf,li1 dr:$dl>r:!rl< :lnd egg I.!ying ;I* rllool fly 

lhad less urea fur egg Idjing conlp;lred lu broad le.trcd pl;~nls (htole r ln l . ,  IYXdl. Il;hp;\t and hlolc (IlJXl! 

reporled leaf cnleur and hairines$ la i l l l  lr~rl~slnes! ;as nos.pruferance mrch.lnirm~. 

2.1.1.1 h lu rphu lug i cs l  Charac te rs  Assuci;~led w i l h  S l l ou t  F l y  Resistance. Vuriot~, au lh~~rs  

Ila,esugg~ted morpl~oln#ic;~l ~ l l i h r , l ~ te r~  WCII :a> heedling bigour, glo\*inehr 111 le;lreb, presence 111 rricllosle* 

un the Iea,ea, leihf length. le;$f droopines, leaf Ilre,idtll, Icafsllr;llll Ih;lrdne\\. 4enl I l l iehnr~r  illld aeetlllng 

Iteighl are repurled Lo resiaktnee orsorghum lo  allnlll fly, 

2.1.1.1.1 Seedling viguur. Kapid seedling growlll mipht reh~ rd  the f in1 inits~r lar\in fn,m re;lci,iag the 

g r u ~ i n g  point. Incidence o fs l l ~~o t  fl) was higher in  sorghunt liner 1I1;ht were le\, vigsrou* a1 seedling at.Bge, 

and amditions such as In* temperature, luw ferlilily, drsughl elc. allich reduce md l i ng  biguur incrusad 

thesusceplibdi~y loshoal fly (Taneja and l.euschner, 1985; Sukhani ihnd .lotxihni, 19791. Mate r l n l .  IIY7YI 

indicated that mod  r r sbwn l  l y p s  grew taller and had higher growlh rate thiln susceptible OIIOI. 

Vijayahkshmi (1993) found stali\tirally signilicanl correlations between seedling vigllur and percentage 

plants wilh eggs, number of eggdl00 pl'nLsand deadheurls in  rain) searon in reapect uldaarfgenelypes. 

2.1.1.1.2 (;lossiness. I t  has been found lhal  varieties resist;lnl In shoot fly u,unlly have narrow upright 

lmva\r i th  yelk~w.grpenplhisy appmranivalthedlinpsluge which is termed "ghmy leal". l i luwy le:lvn 



tninll l pos5ibly tlWect tile q~l;lliIy ~ r f  light reflected frllnl ia;lve and intluence lite oriun1;ltion efahool I1ir.r 

lo~vards their hart planh. (;lessy leaves migltt ah,] inlluencc Ihorl aelecli,~n due 14, chelsic;tl\ present in l h r  

aurhce waxer nnd'or leebea (.Int$+;bni e ln l . ,  1971: hlail i ;and Ilidinxer. 1979: hlairi el 0 1 ,  IYXII; I l i lpnl ;~nd 

hlnle, 1982; Omori cro l . ,  IYXX: i~nd'l'nneja 2nd I.euschner, IYX51. 

The asoc i~~ l i os  of belll t l tr glo*s) lualtype und Iricbomeh ni t i )  rhoat 11.1 rebirt:~aur in aorgl,um Ih.lr 

been auppllrled by hlaiti and Llidinxer llY7Yl. A rlud) efliarconthi~~.fili~ms, elor\! lu:d .tnd Irirl!on~r>, glu\\! 

leallml), Iricl lomn llnly :~nd ncitller, revealed th;tt llle suln de;idite.brl pcrcent.tgra sere 611.7.711.Y.X.1.5 ;rind 

91 3 respectively. 'l'llese rasultr suggehled t l n ~ l  e.hrll 01 I l ~ r  In,, Ir.$il\ renlributud 111 line rmirt:$nce. ~II;II the 

glossy leaf ct9itrdcters conlrii~uted more tI!:~n did trici!otnw, stnd th,~I  l l ~ e  c~~mt~it~:ulion ,,fIhe two t r $ ~ i l \  w,!+ 

more etTeuti~e Illan either of the Irails ;llcrne. 

Exprearion of yltrssincss in 5aedling1 i r  ;in in~pnrl;tn[ Ir.~it Wlr identifbing altocnt 11.1 re*i\li!ncc in 

sorgi!tlm and it i, e,lsil) idcn1ili;lble (Ag;lnr;ll ;and H w r e ,  IYXII, hl;titi ;lnd 1;il~aen (I9831 rugxesled III:II 

~ l o s y  e~p ras iun  in a l l r g l ~ ~ ~ n ~  aeedlinp c.~n Ihe ulilirerl ;Is 81 i n i p le  and reli:tl~le relccti~rn cr i ter i~~n l ~ ~ r  \IIIIIII 

11) resirtance. Ax;irtv:tl :bnd Abr.ll~.in~ lIY85) reported Ill;$l gltlr\ine\\ ir Ihixhl) ca,rrel;~led jvitln rho01 11.1 

re,irfance. 

Jadhav e l  01. (19861 eatim~ited lhe corrvli~tion bctsees dudditesrl> and gior\inesr l.11.771 ;~nd lilund 

i t  negative nnd llighly ai~nitieanl. Vij;tyalak\ltn~i liY931 al,a repnrled tlull glatsrinerr ail\ ncpa1lrel.I 

correhted in general will) Ipercentagc plant,, will) exg*, numlter u l e ~ g ~ l l l l l l  plants and deadheurl perr.enl;$gr 

in  tall ilr nell as dwarfgenol)per. 

2.1.1.1.3 Trichomes. I'rickle lrairs on the leafshe~th were nuttd 11, be nun~erou, on resitunt \;~rielie% i ~ n d  

absent on$uweptible ones (Hlum, 1968; l angh~m,  196Rl. Ma i l i  and Bidinaer lIY7YI identilied 32 line* fnlm 

8000 germplasm i i n a  rvilll lrichumer en lhe abaxinl auriilce of  HI^ leaf bli~de. These had fewer plunls sil l1 

exes, fewer planls with deadhearts and a lower ralio of pi;bnL* ,vilh deadhear1 10 pldn1.s with eggs Il lan 35 

lines without lrichemo. Mi l i t i  el 111. (IYBOI observed tll:lt the presence uf lrichumer lm the leaf~urf i~eu 

reulted in a lower frequency bnth ofovipositiun by shwl  Ily and ufsubsequent I;~rvai damage. The rerbt;lnl 

cu l t ivan I S  2146, IS 3962 and I S  5613 had lhigll denrily of Iricllame* nn the abaxial leaf surfisre ~ i l i l r  



su~reptible 11) brid CSH-I Iklcked these. 

Wild speciesnfulrghun>, immune toshalt 11) llad a ltiglh trichonle denrity tun thc lower \urfitce orthe 

leavea (napat :~nd  hlnte, 1982). 'l'richomes on the leaf rurfarr w:t* prel'errcd to ;, l e w r  frequmr) fur 

uvipwition nfslh,at lly nndsubuquenl brv;$ldnm;lge rva? leh* (Illum. 1968: Ll;lili and Ilidieper 1979; \I:tili 

etn l . ,  IYBII: and l':lnej;l and I.euthner, 1985). 'The t r ic l lon~e~ on lhe loner Ir.11 aerL~rc\ ntipltl Ih:$,e nulrv 

effecl tun the beltavieur of the ;ldull IIIR during o,ipu.rilion lrinrc egg, isre I.% on linvrr le.lf rurl itrel th;m I,!! 

l i ~ r t a l  ms\ement. Heaever, llhe triclhunlr~ on the upper *urDce n1:l) interlere ail11 I.trv;~l nlovenlml ;and 

aurvi\;ll since hrb:he mo\e en to theupper surf,~ce intnludi;btel! :~ftur h;~trl~inl: 11nd then tas;~rd\ tltu growing 

point. 

'l'ricllenm Ih;a,r high rorrvliltirm aith ,~\ipo*ition ~ ~ o n - p r r f e r ~ n ~ e  Ipennt)pic r ~ ~ r r ~ I . ~ t i o n  ~ I I C ~ ~ ~ P ~ P I I ~  I T /  

= 4.751 1Agarw:ll and Abr;lll:tnl, I9.851. Uhen thew n1rrei;hlionr were p:lrl i t i l~nrd inln direct ;rind indirect 

eiYect5 ti~ntugh p;~tlt cneflicient snal),is, direct ufkvt ot t r ic l~uac\  wir Ion and thur ron t r i b led  to shoot Ill 

rebtance mainly thmogl ~rthcr 1r:lit~. Jedh:~r dnl, ilU.861 reported rimi1.w re*ulta. h lu l~o l k i~ r  I l9Kl I, Ontori 

e l  nl. (19.83) l n d  l'iltel ilnd Suklluni IIYUO) ~ub,er+ed ptlriti>e ut,rrel.ltion lor lrichunlc drnrit) iht pl.lnl# 

rhhtanl  I s ~ l u x ~ t  n). Aparwal and llnuhe IlYX21 filund that the letel 111 re\ihl;lncu s:lr preiltur sllen 1111111 the 

glossy :tnd trichilme Iraitr orcurred logether. 

2.1.1.1.4 Leaf and Steni  Chanc len . ' r he  lu;!rlrrwtlth and le.~f length :!re difYerent :tntong \~ l r r rpt i l> le 

and reshunt linesofthe Mnle age. 'I he dierenee, in leif width ef wrceptilrle ;~nd rr\i*t:~nt \;triutier, tltougl! 

nutstati\tically significant, indicate l h r l  lelves of rerbtant vnrietiei are ron~e!+h:~l narrower than 1I1;ht nf  llle 

susceptible hybrid CSH.1 (Sinph and .lntwni, I980b). Khur;$n:# (19ROl reported nap;$ti+e correletiun ufshool 

tly infalation with leaf breadth and leaf length whereas Silndlhu s lo l .  119.86) shorved pu4tire clrrrel.hlion 11f 

leaf breadth and leaf length with deadheart percenlnye in ditTerenl v~rieties. Klhur;ann and Verm;~ 119XSI 

found that plnnt Iheight, tassel percenldge, stem thickness, number of Ier~ea planl', leaf Ienqlh, leaf width, 

leaf thicknessand lafatrength werenegatively currelated with susceptibility as meawed by only brmaliun 

or doadhearts. Huwever thicknes~ of vein did not show any currelatiun with insect reti\tance. Sinell and 

julwani(1980c)showrd lllilt theextenlofhardne~ofle;lfshealh was high only in IS 5490 comp:~red tontlher 

reskont  and susceptible varieties tu altuut fly. 



Singll (1986) i lnd P;ltel, ;rind Suk11;1ni (19911) rlloved thnl \ten? leugtll, r~ l t i o  of stenl lenglll 10 *ten1 

a i d t l ~ ,  and len~tih of internode were sipniticanll! neealibely n~rre l ;~ led with *IIIIII~ l1y o i i p~~s i l i on  ;and 

deadilellrl fllrnlalilln. I.unL: ;and Il l in but rrreel rtrn! ail11 longer intrrneduh and rhclrt peduncle IengtI~ c;in 

be taken ;I# rsia1;lnl sorghunl genotypes. Vij,~yal,~k\l~nhi iI9Y.II found correl.~lion coeilirienln 01 \IIIII>I fly 

p;lr;lmeler\ will1 xllnlr t r~ l i l r  (leaf lenglil, wid l l~.  drooping deptll ;and rar,;8lure \ r  tit11111 11) PCB ILlying itntl 

deadllenrls) 111 be in reverac direction betseen t;sll ~nsd ds.$rfpenut!per, but 1111. direr1 rtlci ls eati,n:~tud 

through pi1111 analpis were ill t l~cs:~nwdirrct ion it, bo t l~  group,. 

2.l.Z.Tolerancel Recovery Resistance 

Early nltack en tlhe nlain shoot induce\ the production n l  llhe tillerr ninny o l 'n l~ ic l i  ;ire ;xl~lc 10 rrr.lpe 

Further alt;$ck and produrc Iharvert.~ble eari~eildr, ao th;!I yield ic snt nburll reduced. 'I'hi* type ofre\irt.tncr 

%ms referred to ;a tiller bor\iv;bl l l l lum, 1969;!1 or renrker) resi,f;lnre 1I)eggett e l  "I., IY7111. 'I'hih t!pe (11 

reaclion war filund in hvo Earl Afric;ln rariclies n;tmcly Seren;~ and Namnt.tre \rlhirh reco~ered \veil w e n  

rrhen more lhan 9 0 9  of the "lain culnhr lvad been killcd 1I)eggetl and hi.~jiru, 1965, 1966: I)opertl urn!. ,  

19711). Kesistilnt cul t i \ar l  of aorghuln Iutd ;I \Pry high rate o l  tiller hur+ir.hl comp;!red sil l1 \u\cr.lllil,lr 

culti\ara, Tiller sarvir;~l \ra\ related to the rate 01 proulh. I'llr Rlater the tiller ere\? tlte eralter !$err i l \ 

ellance ef ;$vnidine infestation (Ilium, 1971). 

Hoaeter, tolerance can be greatly influenced b) tile ~ r o w l h  n~nditinna of lhc plant and Illu.; tn:~) not 

;tlways be predicted at variouh IlIiationr, particubrl) those w l l l ~  irregular pntternr of r~ infa l l .  Under Indian 

conditions, the liilers of susceptible varieties are repe;itedly attacked and aignilicunt dilkrencer Ibelsren 

resistant and susceptible varieties for tiller survivill ;Ire maintained. 

Among 14 Ihybridr, hlote efrl. (1985) observed that SPH I96 and SPH 325 were leas1 surceplible Is  

A. soccoln at Ihe initial slsge and had high recovery resblance resulting in the hiphest grain yield. Tiller 

devebpmentconrequentto "deadi~eart" formalion in tile main shoot and rubsequenl survival und recovery 

depend on the levelofprimary reiltance. Varieliei will1 h i i l l  recorery reabtance appear 1u)ieid nure under 



s l ~ u i ~ t  fly infesPation 1R;lnd rlnl., 1985). Recorer) rerirl;~nre d~ler not ilppeitr to Ibe .~n  ~ ~ r e l u l  n~er l~;~nihni  

parliculllrl! when allnot 11) pepulalions pri~greaairel) i1lcre;lre a, I l l?  raiis! rc:lriln c , ~ l ~ t i ~ ~ ~ ~ c \ ! b i n g I ~  u ln l ,  

19811. 

h111,t resisli~nt varieties Il,lre II~~II been L~und  III Ih;lve FIII*\) 1p;lle green rnlooth ilntl \I~ininp ICII+CI) 

expression in the reedling a t see i J~~ ln~ in i  el n l ,  1071; h ln i t i  r lnl., 1')XIII. A 1.1rge prop11r1io11 iX49cl 01tI1e 

plus$) l i nn  (accullnting Il lr lea* Illan I % o f v ~ r g i ~ u m  ge ra lp la~n~ l  :Ire oI'penis\ul;tr Indi;ln  rigin in. l ~ u t  vmtr 

;!re tronl Higerin, Sudan, E1l1iupi.1, N o r t l ~  C ~ ~ n l e r o ~ n ,  I(~II);I, Ug;lnB;~, S~lutl! A l r i r ;~ ;and hleiico. h l ~ j r t  al 

these belung lo durrs g r ~ ~ u p  ;~nd wnlr  i~tlaer\ to t;ax~~n~lmic group, sue11 .I\ guinea, c;lutl:at~~n~ ;an11 lbio,l~~r 

lhlaiti elnl, 19841. I h e  Iilng ;and n;irron le;~re*;~nd I.~\ter *ecdlinc grq~ntla :I\ indjc.jte~l 11) the lrnglh of Ie,af 

*I~ealhs and seedling i~eicll l, coupled a i t l ~  t~~ugbne~s  u l ' I c ; l ~~ I~e ;~ l l ~ \  sre ;IIM reported 11, c<~ntribulv to\v:lrd\ 

rrsihtance 10 rhoot fl) ISinpll and .li~ti~;ani, IY8lll)i. 

'The m.~jority o l \ l ~ i ~ ~ t  I11 rabt;lnt iult i\ar* Ih.!re ;I hiell densit) 111 leaf triclloanu,. It.tyed on tile report 

tllat tricben~e.ler* cultivars sf pearl n~il let ;~ceunl~ll;lte m~ l re  dew rand \lily wet Ii~nger i l lurlon crol., IY771. 

Rpina eral, (IYXl) suggated that II sinlihr ailu;llion in aorghunt would fuuililata thr. mtlri.n!ent 111Iru\ill! 

hatched lar iae to the base of the central slluul, hl;~iti ;lnd ltidinger i 1979) 11111ired 1I1;at Irich~~mea en the 

abnxial surbceolthe leafdeferred qg hying. I n  addition, hlaiti r ln l .  11980) did nut nilserve ;any din'erence, 

in ~ut ic le thirknejsor in the dqree of lignitieatinn of leaves hetrveen tricllumed and trieI11lrne.leha liner. Tlle 

rejbbntcull irars I S  2146,lS 3962 andIS 5613 had s high denail! oftricllilmessn the abaxiul le'afrurbce 

whilerusceplible hybrid CSH.1 was found to lack I r ich~~mer.  However, under heat) infesl;~tiun, l l ~ e  dentit! 

oftricl~omes appeared not to make any dinerence fur preference or nen.prelerence ern cultivar. Omeri ur 

01. (1983) suggerted that glacsy expression In seedling surphum ciin be utilired ar a simple and relial~le 

selection criterion for sboot t1y resistance. 



2.2.2 Epicuticuler waxes 

The role of epicuticular w:lx content in  impeding cuticular water less h very con~plex. Net  only doea 

the quality o l l l le  war p l~ l y  a role but the chennical caniporition and phyric;~l alrurturc e i l hesu rb r r  , v ; ~  

influence cuticular jvaler loss $15 well (Hadley, IY#l l .  'The cutin-war complex ;j l lecl Ir;tP,vett;tbiiity und 

C~IUIR c~~nhid~ri~bledin(erenccb Iron) apccies to specie, in t I~e  r;l*c with shi r l l  the) fire wetlcd. V;~ri:~lion is 

aettnbil i ly achieved is oRen found betaeen Ir;tve* o l  diverent aper and brlsurn the upper ;and it>acr ie;~l 

*urRlcea (Martin and Datt. 1958; Sih;~ fernxndur. iY651. Waxcan phyaic;tli) impede file mnvelnent of  ;In 

insect across the leal surbce. Tile morement lnf the first in*t;lr larv;te I I ~  the rpotted *tun1 Iborcr. L'l!ifu 

porleUt6r Swinlloe, considrr;~hly ihe impeded by w;tr ~nn Ihe culmr ~ > f n l r p l ~ u m  iIlrr~l;i)s rr dl., IYN.\l due 

lo nccumuiation of wax sanlund lhr i r  prolegs during their nwvement mar the pI:~nt ~ I I T R I C ~ .  

I n  additinn to the eWec1 of thick hurfsce wax on lar iu l  msrement. tilere i r  s div,rient.ilion efl'ert 1111 

some resistant gcnelyprs whicll Ih;~r b r tn  ;xtfributad ttr the chemical conlpo*ition of epicuticuhw n.~\ 

IWnndhead, 19871. The surbce \tar of sorebum clearl) ha* c~~nsideroblc inlluence on 1ilrv;ll beit;lvinur ;lnd 

theeiidencehuggnb lhatditkrenchmurt cxht is theri?rehtry of r; l \ea Irom dilWr~ntculti,:~ra ~ n i t i ~ e  *dnw 

rpecirr. 

2.3 lNFl.UENCE OF SEASONS ANI) S'I'AIII1,I'I'Y OF SHOOT FI,Y Kk:SISI'AN(:I< 
IN SOR(;HU,M 

2.3.1 Environmental Faclurs Affecting Shout Ply Resistance 

Ilium,as early as 196J,ob\er\ed that when fre4liy hatched ahnot Ily Ihnae were placed on a ~ r x l ~ o n \  

la16 in the laburator), they repeatedly fell dllrm u n l ~ s  the plants were mui5lened will1 a l ine spray o l  Nuler. 

This indicated tho role of moisture which k influenced by the emir~~nmentai  condition~laeasunr. 

Farah (1992) reported the1 rejbtance ofw%hum entries tosh~nt fly (em hying, deedheart formution 

and rmvery l  wa~ highly ;lwii~led with seahonal varinlion. The seasonal vnrialion in resistance to s l~eol  11) 

was related to IheprevuilmgenrironmenDl condilinna. The lpte puatruiny srnsun had lilt highest maximun~ 



1emper;llure ilnd tllia seemed to be Lvourable Ior llle recur cry alrpldntr d:ln,.lgcd b) 1 1 ~  sl10111 Ily. Singlt el 

dl.  (19781 Rund tlmt tile d.tntage in re~isl;anl $:trietica e11:inped s\er senron.i lhul 111. du;tdlte:brt per cent ,%a 

never lleynnd 42.64 per cenl. Since l l lc $arietira under lert reprerenled lltv bc*l r!;~il;~blc rerihl;~nl nburcer 

frorua the wt~rld cc~llerlion efx>rghum, it ran be concludad tI!;tI :~l,~elule ro\i\ l .~nrv ti) \ l~a,1 fly ir rwt i i ~ ;~ i l i t l ~ I c  

and there is marainal gradation ;tmong resiswnt v;~rielicr under Ibiglt inlu*t;tliiln. 

Shollt fl) infcblation \;grit> $%ilh lor:lti,ln.; ; ~nd  *r;taen, but \unlr >:~rirl ie\ t l>uu conridcr.tl>l) Ion 

su~cepti l~il i l !  (Knn;~ el ol. ,  iYX41. Knvirl8nntenl.!l conditionr Itcnlparnlure, rel;tli,t. Ihttnlidilj :and r.linR~IlI 

tend l u  innuenre \IIOIII 111 dimlilgc. 'Flw Inorl ai~nil icant f$tclor rraponril,le tor ugg I:ljing ; n~~p~ . t r \  10 Iw l l lu 

tenlperalurr inl.lvinlum : ~ n d  n l i ~~ in l un l i  ;and \;~ri.tlion i n  ~ l r . ~ d l ~ r ; ~ r t  li,r~n;~licin .II\II IIIII\II! ~IIIIIICII~YII lh! 

ternper;$lure ;and cbening lhumidir! i'l'.inrja and I.euaul~ner. 1985). 

Rainn I IYXI I  :11rs ~ho> red  tb;!t il lhe timc of ugl: Ihnlul~ing roincidcr w i t l ~  llla lprrrcnue of rnoirlure 1111 

(he leilf, i t  crentea a condition Rt\uurallle Lr tlw rnmenlent of tile I.ln;l to the b:trt o f t lw  Ikinl: SIIOIII II! 

incidence i\ nWeolrd lbj re:~\on;~l omdiliuns :md ntelesrolhgir:~l 1:~ulors \or11 :t Itonlidily :tnrl 1urnper;ature 

!llanl.in, 1968; . l a t s ~ n i  rrnl.,  197111. 

2.3.2 S tab i l i t y  uf Shout F l y  Resistance 

Sing11 er 01, llY781 observed unidireclion:~l vnrietal reartion 11, c l~ ; l n~ ing  enriren~nenl+ due lo  nun- 

significance of rariety x *c;lron internclisn. Kao el 01. (1Y771 alro raporled re1,lli~eIy more h l i ~ l~ i l i l y  in IS 

5469, I b  5190 and I S  1US4 I l r  sl,ool fly resblance. Ilorik;$r and Chopde I19821 oI,\crbrd lbiel~ degree 111 

phenotypic stobilit) and cre;lter re$i\lance 111 cllanuing all l~ol 11) popuhti l ln i n  IS 549!1 und I\ 5604. I n  

general, rerblanl parents, resktant x susceptible lhybrida and susceptil,le pdrenl* reglatered <I. I 2nd > i  

r q r e s i m  co.eficient respectiveiy.7aneja and I.eu*cltner (1985) slated t l la l  IS lOS4, IS 1071, IS 23Y4. IS  

5484 and IS  18368 were suite s t~h le  ncrou locations L r  slloet fly rerbtance. 

Chundurwarolsl. (l9Y2) studied thestability pardnleters fur peruenlage uf plunts wilh eggs, Iriclbonnc 

denrity on abarhl srpare u f l u r t h  leur from base nnd deitdltenrl pertenlaye. Heaultr ind i~ i l ted t11al Il~crugh 



the penstypes varied rigniR?anlly in lhe diITeren1 envirenntmla. gcnol!prr like IS 2146 i ~ n d  IS 5566 

exhibited lhigl~ degree of rtability for \ i~ont fly rerhlunre. 

(;enelic;ll \ t u t l iR~~ f \ I l ~ lo t  fly reblance ;Ire lin,ited in nus l x r .  Nen.prclrrcncr fur <niporilion ( I I lun~.  

1967; kina elal.. IY751, seedling r~b lance  due tuailira drpo\ilion ;~nd .ibunrl.lsrr 01 \CIC~PIIL.II!~I.I~,~~~~ cell\ 

in l e ; ~ f a l ~ a ~ t l ~  (1'11nn;li)n, IY51b) are reporled to be tile prim:#ry n~ r r l> .~n i rn~ r  orrl$<tol fly re+i,l:ln~~. l.inlite<l 

informalion ir ar i l ih~blr  on tlie penetic n~erh;~ni\m 21nd nature orgent ;toli<~s fclr 11111111 11) r~\i\ l i~nci., 10ew 

aep;hr.bte a e l  el p;lrents ;!re o ~ d  Is  develop rrrirl;bnt r;irielir*. 

Ulum (196Y.1) bugg~tcd t l u l  ;my eenetic it~li,rni.~tion ;nboul re;$rli<~ll 111 sorpl!us 111 ~ 1 1 ~ ~ 0 1  11) 11111\1 lbi' 

interprclcd according tu inter1 [iopuhllion h~clorh. Ah the reihflnce ir prinl;tril) due 10 ,wipr~sition:il n u n  

preference anrl i* governed by 8ddili)r pcner iI<an:! urol., 19751, fen,:tla\ :mrl n,:tlcr with good cosbinine 

abilit) citn Ihc used in ~sn\ent io i i .~ l  breeding proyrrmr for inrorl1or;tting rllool 11) re$itl:mce in 10 

:~gronomicall) good c ~ ; l I i ~ . ~ r ~ .  Itan:, r l a l  (19751 isI*o relrorted Ion genulir ;lilb;tncr fttr prinl;$ry reri*l;~nce 

in sllrgllum. 

Kuiknrni  cr 01. 119781 stluted that Ihybrids in>ll lr inp re\isl;tnt or rnodcrutel) ra\i,l;tnl p.lrunt* wcre 

lhighly resbfanl. Therefore. jt l~ilu Ihreedinz for shoot lly re,i\lance, d,*;trf ffnlilie p;$renlr Il;trinp aonlc degree 

ufrabmnceshould bruonlbined wit11 lndiirn 1;tII lhcul rrriatdnt p;~rcntr. 'I ' l~e rehlri>cl! dillervnt reaelhln 111' 

pellinatara to shoo1 fly indicated that the line, \nry filr re\irv.~nce sene*. Hence, rerirl:lnve Ikvel can be 

incre~sed by accumulating h\orable ruhtance pcno in a line. I ler ik i r  and Chopde IIYXD) aludiud lhe 

genetics of shoot 11) resLtancc under three levels uf inresvatiun and indiu;~led tI1k11 vuriulion between 2nd 

within genotypic groups became more apparent under high shout fly pupulllion. Rorik;tr er 01. (iYXl1 

reportedadequute varialion fur aUR characten (dadhur t  I., eggs phnv', erective lillers I., plant recuter) 

70, yield plant.' und yield productive plant") in  both F, and P, generiltiunr. The value* of penolypic 

cmEden(s of vur$lrity [l;CV) were low lor yield plantland deadhearl I.. The ortimales u l  phent,lypic and 

genotypic coeWclenb of vi~ri;lliilily were generally clore for me,t of the clwraclera. 



Sllarm:! and Ran81 jlYR31 e~ilnlined ahon1 lly re\i*lancc in reI:btion 11, C ~ C  Ihyins ;and du:ldlhe;~rl 

fnrmalion in F,s of rerislnnl x hiell l ielding iausreptiblel trsrbn. I he )  isdir;hled lhnl  therc is repreg;llion 

for egg I:hyin&! and de:~dhe;hrt fi~rm;llilln in f, 2nd sotlie plihnlh nuy  wrs i te in apite af eeg hying on Ibuln. 

nar ikar  el al. IIPXZI a a c ~ e d  penelic bariabilil) fur ~ I h a ~ t  11) re~i \ lonrr  ~hnder three level* slh~~nl tl! 

infest;ltilln ill F, ;and f ,  gener;ltinn* nf inler-rarielal cru*rcr sf rilrgll~ln,. 'The rccdline !nort;$lily ;rind 

ariporil ien intreowd aitlt inrrethra i l l  shoot 11) popul;~ticrs. 'I lhe r* t in l .~t i<~n ~ u l  genol!pic roellicirnl* ,,I 

> ;~ r i~ l~ i l i l y ,  lherilal~ilily :~nd genetic :~d>;lnre were hialter for 1111111 the truilr $$lli.n m,hfcri;8l a:,\ lrrled under 

oplimurn shnsl fly popukllitln. f'illll el "1. I1'JLI.i) r e ~ i s l e r ~ d  hi~nil ici!nl ~ ; ~ r i , ~ l ~ i l i l ~  iullltlng 1 ,* 111 7 c r m w  181 

rnr&!hum lrul of 52 *elcclinn~ even nhen lhe incidence of allon1 11) a:lr lhipll on lhe 2Xth d.~). Her i l i~ l~ i l i l !  

estinlales incret~red rvillh ;I" incre;$rr in infea1;ltion. \Yhen infe*leli<~n s.tr Ihipll, Iheri1;tbilil) for rho01 II! 

rebt ;mce\w aboul24% und the \;lri;lbilil) go1 reduced, but it w.lr ~po\*iblc lo r r c l~ \e r  rerirl;ml F,r equ:il 

l a  mid.parenlal vrhlue. 1:eneral ;and qhecilic cnml~ining ;hl~ility ((;('A ;and S1'AI eWecl> xrre e~1is;~tatl 1,) 

I'atel e l  01. (1984) in 28 F,a irnm ;!n 8 x 8 diallel. SCA rNeclr in the derived direelion Mere shown by 1') 

con~binulions will> lhe beht combin8llionr lhcing 296 II x h l  51 ilnd h1 35 v hl 51 in nnrrn;!l ;8nd I;hte \orving 

rrspecli,ely. 

2.5 INHERPI'ANCE O F  SHOO'I' FLY RESISTANCE 

Sludiena lhe inherilance ofallollt fly reri$tance Ih.lre genur;llly cnncenlr;$led on either the rc*i*l;lncc 

a, s whnle or on a particular trait. 

Vedu hlourlhy I19671,lnnyl~anl IIYbX1,Khipon~pan 11Y731 and nl l r ih l r  and Chopde lI9801 5tudied 

the inheribnee of resistance in cruuings of resistan1 parents with surceptible one*. ' l l le Ihybrids were 

sll*ceplLleunder high infstalion, indiwling dnnlinanceor nearly complete duminanue ~~fau\ceptibil i l). l l u l  

these relationsl~ips were reversed under low shoot ny infe,tulinn. I n  I h b  cure, resislnnce exhibited parli;tl 

dan~innnce. Aaarwal and Houre (1981) reported that reistance was found to be polynenic in  nalure und 

go\erned by gens with predc~min;~nlly addilive PITects. h la i l i  and 1;ibson 1191131 concluded from lheir slud) 



oflhe &and F, generations segreeating from a cro\\ of Iricl~omed and fricl~ume-le%s liner. 1l1a1 there were 

n l  least lwu additional loci involjed in resLlanre th r l  inlrr.1~1 ni lb  euch olher. 

Sludies of Ilal.~knl;~i.~ll rrnl. 11975) rundarlcd on :I ILlrgc F, pupolntion rere;iled 111;lI the freqoenc) 

d i~ l r ibul iun sfditrerenl nlorti~lity ulnrrel rlsscl) f i lr 11)s ~nsrn!;!l rune ;nod 111~11 the inlwril:mrr IU~SIIIII>~ 11.1 

resisUlnce is predwnin;~nli) ;~ddil ire. 

2.5.2 Nun-Preference Mechanism 

'The genetics of lu~iporifisnal non.preference nnd dradhe;lrl Ibrnmtiun :t\ cotnpuncnt\ 01'*llta~I 11) 

re4rtdnce in a ~ ~ r g l l u n ~  were investigaled by Sl1.lrnl.l rt nl. (I9771 tl1r11ug11 eh.~n~in;~tic,n ,nr l h r  p;l l lrrn 01 

seprq.lIien ofrahlunl  genc in F, gener;bliuns ~ u f ~ o r r e l ~ l i l ~ l r  ; ~nd  rerirhlnl crurse*. 'They cenrludrd II1;tI I I ~ P  

ringle reces\i\e Rcne (npol gn re rn~d  the non.preferenrr 10 ovipnriliun while I \VO dupiic:~lc rece,>i+e gcnn, 

d l l ldh l  dhZdh2, euverned Il l? re-ialnnce lo de;ldllrarl R~rnialion. Kana el 01. IIYNl I ol,rervcd ~uriplrri l i~ln.~l 

non.prefermce nlcchrnism under Ihr  inlluunrv 01 1p:~rfi;1ll) dotnin;~nl genet under law to moder:~le rllu,~l 11) 

prr\ure,nndIllr reberae under lhea\y infert;ltisn. Iliurikar ixnd (:lll~pdu II1JX2I ~uhrened b111l1 ;~dd~r i re  21nd 

nen.;lddilivr gene sactiun 11, be ihnpor1;lnt under Ion prt.,wre ;mil indditive grne ilrlit,n undur Inodoralu 10 

high prebaure. 

Acc~~rd'mp lo Sh:~mta and Kana 11985) uncainyle recesitegene inpu npol pnrern* (be nan.pre1'ermrr 

l o  ovipoaition nllile npo npo or Np11 Npe snrerns preference 111 uvipo\il i~~n. Two duplicale recerri!e pvne* 

dhldhl  dhldi12 g o w n  Ihe rsktance tu deedhearl L r m a l i ~ ~ n .  Suhceptibility i\ governed ~vllen either of llue 

genes D H I  or DHZ b i n  l~onloryyuua or helerusyguus cenditiun. 

both additive and nun.addilive gene efkcb Here equally imporlanl under lhipll rhost fly pretaure 

IAgarwaland Abraham, 19851. Nimbalkar and Bapat(lYY2l i ludied the inherilunce olshuol fly resistance 

in sorghum by evaluating an eight by eight dhllel sel in  three diITerenl environments. (;enera1 ambininn 

ability ((;CAI variances were higher lhan specilic combining abilily ISCAI variance3 in all the lhree 



envimnmenh I l r  deadhart (51, indicating additive gene ilctisn b r  .;he01 f ly  rerirti~nce.'l'he n;tture of gene 

action Rlr Exes pklnt" in E l  and E l l  envir~lnnlents wns pred~~minantiy nun-ildditibe, ~ h i l e  i t  was ildditibe in 

EIll. All the r ~ k t s ~ n t  parents rernrdd signiliont negallive (:CA etrects for egg5 (,l:lnl.' and deibdlleart (%I. 

2.5.3 'l'richomes and (ilossiness 

Omori e ln l .  iIYRX1 zswxxd the genetic diversity 0120 rorghun~ cultis;tr* ~ v i l l ~  reai*t;anue 10 A vucrnr,t 

originating Rem dilrerenl eeogri~phic regionr.'l'l~ry cuncl~~ded Ih.tt trirh,,nle ~ lm \ i t y  rontri l~oterl mtlinl! 

towards genetic divergence in reaiit;mce folls,tod by glesriner<. I;ib*sn ,lnd h l i ~ i t i  II98.11 reporlurl thut the 

presence of tricl~nmes on the i~brxi;il rurface was !under tile control 01 i! slsgte rctrr*ivc gene. 

(;lessinear plays a aignilirant role in shoot 11) resirtilnce in rlrghum :Ind it i* ;$ aimpl) inhrri lrd 

rlnrucler I Acrrnai ;rind Ht,u*e, 19811. Tarumotn (I'J811) indir.~led Illat the proence ot glix\iners i* r c ~ n t r o l l ~ ~ l  

by a single r w ~ ~ i r e  gene. I i l o r \ i n ~ ~  h lhigbl! cl~rreklled with h1111111 111 re*i$t:inue ilnd p;llll an.~lyrir ragge\t\ 

the linkagei of glthsinusa a i t l l  ailnle unknown inilrrvnl ;~nl i l~ iut ic  Btrt,!r*; it? inlemily i, qu:~ntilatively 

governed and is ct~ntn,lled by Ilntll i~ddil ive and nns.additi\c gene, IAg;tra:$l ;tnd Abr;~llus, 1985,. 

2.5.4 Recovery Resistance 

1)oggett er 01. (1970) identilied the varieties 'Serenil' and 'Nemntare' and deri\:$ti*e\ :I\ \IIIIIII 11) 

tolerunlpenelypti which rwovered *ell even when more thkln YO per cent ofthe milin culmr I ~ n d  been killed. 

The broadrensel~eritnbilititi were high Rlr rwo*ery. Stark, e l a l ,  lI9701 diiaibered that additive elYect*;lnd 

general helernsis ;ica~unted for most uf llle variance in the percentage sf reci~vered plilnb. 

The SCA componenl of variance in crllssea orre*iarant <llrgllum parents and su,ceptible llnea aa, 

larger lhan the 1;CA component fur recovery t ra ih in tile F, but less lhan the I;CA cumponent in the F, 

(Sharma rrnL, 1977). Dorikar and Chopde 119831 studied thegene action of plant recovery and related trait, 

ofF, and F,diillelr involving shoot fly r t ib lanl  and *usreplible linea. Additive gene action wa* predominant 



f n r d l i n g  heClltand pbnt rwmery. No currehtisn belwcen shout Ily resirl;lnce ;tnd recovery !,;IS found, 

indicating independent genelic cunlnll. Sonw entrie* allowed high ~usceplihility ill t l ~ e  init i;~l stage% bul  

p u s w e d  high recovery resistance ~vliiclt war reflected in grnin yirld. 

2.6 Transfer uf Hesistnnce 

EWorb b;ne been made to incorporate genet re\ponrible I))? rri*t:tnre into el~tt. rtt l l irar\ Ily n1:iking 

crosses between nv;~ilable rer i~tant  sources imd the elite w*cepliblc line,, lhen ev;lh~:~tinr( their rlari,ntivo 

r(ener;$tions u i n g  pedigrr~ nlrtlt,d\;ind \rrwnial: libr rltcxll Hy re\i>t.touv. ;tgrost,n,ir tr;til\ ;ind gr;tin qu.tlity 

(Agar,~al and Ahr;lh;brn, l9XSl. 

hlany \hcult fly rutirlant liner sill! nlsdur.lte levclr of rrrirt;;nrr :tnd rc:~ron:~l,ls yirld polenli;~l Ih:nc 

been develuped at ICUISKI'. '?'he level5 ortlwir re\i\t:tnce :are con~p;!r;$l~le ! $ ~ t l ~  \t:hld:~n~li, Ih~citl ~I . \nd:~r<l  

rl l<wlll) mi*l; intculti~sr. Son~rur t l rnc l ino 1'5 21171, I'S 21271 ;mid 1'5 t l 3 l X  Ih:tve lhrun tsuntl prorniring 

even under nu cl~uice emdilionr. I'S I4iIYJ. l'b IJIIIJ. I'S IJ4SJ :$nd 1'5 2IJIX Ih:11c *lltnrn # x d  pron,irc 

ngainrl~hr*,t A! both vitl l in and ouhidr Indi;l.'I'he \ugrug;ttin(! ~pop&lliition$ 111 rehl\t.int )i w~~ep t i I> Ie  i.ro$\t.\ 

ciin he exploited liur isolating re\i?tnnt line, with dc\ir$8l~le ;igr<~nl!rnic >ultrih!ttef ! l lorik:~r e l d ,  I'JXZI. 

\ lute and llapat IlYXXl tehted the F, grnerrtion derived Iroln 84 rru,, lbrh\cm reri,ti$nl \orgltunl 

\arietie and ~uther one. The deribativer nf KSV 8K and KSV 9K are esn~i~tant l )  ntrlrc rr\irtnnl tl~;tn their 

parents. Ulum (1972) cn,,red re\isl.lnl liner wilh home ;$dspted H and It l int* :tnd lound the aerdling 

infestation in F, wasequstl to or higher than in the rurceplihle pnrents ;rind the proportion of nnn-infertrd 

&ling in F, r;lnged hehveen 4.9 and 9.8%. The\e studies revealed t11:lt re\iht;tnrt aould I8;tve lo be built 

into all the threeparenh if a resislant hybrid were m be dereloped. 

Bnpatand Mote (1982) tented promisin8 releclillnr from Indian x Indisn cros*es fwr their reaction ~ I J  

shoot fly in F, and F,genemtiuns m d  identifled the higbl) promising derikuti,e> ;ipainrt shoot tly. 1.31 el 

rl. (1986) identified SPV 346 and 22198 and PS I4413 and E 602 as desirable crosa combinations, and 

indicated that the parenh I'S 14413, PPS 14154 and E602 tended Ill trrnrmit gener h ~ r  rel~tively less 
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2.8 Cor re la t i ons  be tween  Var ious  T r a i l s  trf Resistance 

'The resblance to a ~ n l l u n l  shalt fly in s n ~ l ~ u m  :lppearr to be a conlplc\ cl~;~r;tcler and depend* u l ~ s n  

ll le inlerplny uf 21 nunlber nf csnlpllnent cl~;nr.lulera, allicll lin;llly hlinl up ,111 lhe ~IIITCS\~IIII uhlt,,ol 11) 

reri\lance. I n  obl;lining a rle;lr picture of the contrihulion e l  e;lcl of soell rornp~,ncnli;~l ch;lr:lclerr in 

building up the 1ul;al genetic ;~rc l~ i lecturr  u l lhe reaisl;~nce, it r+oold Ihr Inccerr8lry 10 dirrrin~in;alr (Inen, ;and 

study their cnrreh~linn ;and ruusi~lisn. 

Studies Iby .lain and Ilb;~In;~g;~r (19611. Slt,trnm~ st 01. (1977) ;mri I'i~tel ;and Sukllani IlYYlli rl~t,uutl 

significant porilive currelstiun belacen perrenlage deddhearl\ ;an11 reg Ihying, indir;!tin): III;II da;jdl~e~~rt 

formation dependa inn tile exlent tuf egx hying. :lnd concluded th;~t ds:jdl~uitrl d;~m.~gc o;lr entirely due 10 

oviposi1ion;li non.preference in sorghtlrn. 

'The study of Ommi 6.1 01, IlYnJ! cundurled .!I IAC inrlurlell nanllber ( o f  egg? pl:$nt' ;al,lne .ill, 

elu\\intir:tnd trichunleden.ily ;~\intlvpcndvnt burisblrr ;~llecting dr;ldlle;lrlr.;lnd i he* l i ~a Ied  Illsir ellccla 

on de;ldhu;~rls.l'l~e! rl~o!,ud t11;lt the vllerlr of lrichsrne\ :tnd gll~rsinrr* \+ere n~:~rgin.tl on dr.tdhr;!rl\, :I* l l a  

number sf egg* Itad ;crounletl for n l i ~ \ l  of lhe \;tri;ll,iltl) in de;ldlle;irl*. 

Inl~erit;lncesludic~ I)) Itir;~d;tr nnd I1orik.i~ i 1983) ,hoard 111811 wedling+ s i t l l  long lb;1*;11 inlur~tl~dc. 

hadiliphraedling vignur. h l i ~ re r l o l ,  iIY7Yl ulro indic;iled Ihil l I l l? nlnrl rrrirtunl 1)puagrcw 1:lller and lh;ld 

higher gruwt l  rate 1l1.1n auxeptible ones even thuuell the din'eruncc in g r l l ~ t l l  rille 1 ~ 1 ,  no1 sienilic.lnt. 

High trichome densill an the ub~x ia l  surface of tile le:~Pleads to lower prclvrence fur ,nipu,itiun by 

,hlal fly and high densily un tlle adaxial surlace may inlerkre with larval mllvemenl and \ur>iv;tl leudine 

l o  reduced deadhearb, (;lossy lea>es may possibly nlTect the quality uf reilecled light altich in turn md) 

influence the hosl preference leading lu lers eee laying and daadhvertr. Stveral aludiea in aorghun~ lvure 

supported this view lh la i l i  and Uidinger, 1979; Taneja and 1.euvhner. 19851. 

Kllurana (1YBO)showod nqative correlation ofshoet fly infeslalion with leaf breadth innd leaflenglh 

where as Sandhu etol, i lY86) showed pusilive relalionship in dillerenl varieties. 



hla i l i  e l  of. (1980) stated that when the correl;ltion$ were partitioned into dircel r ~ n d  indirecl en'ects 

i t  was nuticed that a l l l ~ u u ~ h  the trichoma were elmel) r~\roci;~ted with shc,ot Ily rr.ial;~nce they did not 

contribute directly t o i l  but througl~ ulller traits like ~u\ipsritiun.tl nun-preference. 

Karanjkar sf01 119921 conducted a Seld ?\perisen1 t ~ ~ r l l l d j  thr rc1;llisn ordiWrcst pltlnl ch;~r;lrtcra 

and sll~xhl Ily rabt.lnce in surebum. 'The perrellf;~pe of pklnl.; rritlt sl~uot fly egg\ 011 14'Vddy ;alter seedling 

emergence, exllillited akni1ic;lnl pe.;iti\eulrrehtion+ rill1 ds.tdltu.~rt>. \Vhilc le;tf triclnlnle denqil) : ~nd  pl;tnr 

lheiglllsh~lwrd a signilicant neeative c~~rrelatien. 'l'hr leaf l r i c l s m ~  dendy e\hil,iti.d bigher n~;~gnilarlc lor 

resi,f.~nce, indirecti) due tu n~~n.prrferenre for o\ipo~il inn. 

! i, iq;~hk\ l~mi (19931 n;~ ,  the opinion tla:at thv rnrnI~in: t l io~~ , ~ f  tr.~its, glo\jine\\, lrichome\ CIII ;~ck~\ i ;~ l  

aurlace, le;tf lenglll zlnd dr,xrpinp deptll reduced de:~dl~e.~rt li,rrn;~li,~n. Omori ul o i  il1)83l comnlenlerl th:tl 

t l~ebl~onl  fly re%i\t,ince t111it5 are l i igl~l) land significr~nlly i r~~c~ci : ! te~I  wit11 e;!til oti~er, indicat in~ 111:$1 :)I1 ;arc 

important for rlluol 11) resirt~nce. 'I~~III), i l l l l ~ o ~ ~ ~ l l  llle\e ;are Ihi,!ltl) aignilirnnl ;ind nug.tlirr corrcl.!tii,nr 

between the lricllonle intensit) rlnd sh~o t  tly inLrl.lfion (de:tdlle:lrl lorn~iitioni, it \eeln+ t11:11 tile tricltont~s 

do nor pla) ;an) direct rule in reducin~ the dead1le;~rtr Ihul help isdireclly in reducing ~urip,\+ilion. 

2.9 I l e te rus i s  fur Shoot  Flj Kesislnncc 

Hail u l n l .  (19741, and Ilnrikar and Cllepde IIVXI i 1111 llle Ihi!sisl~f~ienificance 111 Ih;lrentr b* I\! l~ridr 

indicated the po\~ibilitinufheler,~risfor sllwt fl) rni\t;lnce. Il;il:llli rial. l IY I? i  \tudied lleIerl~\i\ we r  lhetter 

parent fur Inwer deadheart [ % i  and found that il war prehent only in few crllr,n but moat ofl l le lleturolic 

eRerts were non.r$nilicifinl. A better parent isone which i\ nlnre tolerant or resi,lant Is  5l1111lt fly infe\t;8lion. 

Heterotic etTect\ exhibited by resistant x susceptible crorre, would be usehl filr l lbll ininy 

Bllerantiresistantpenotypes with better agrlrnomic bare (Nimbrlkar snnd Ilap;~t, 19x7). Omuri elol. 119XNl 

found that tricl~ome density clrntribuled mainly leward genelic divergence in ahout fly reshmee Rhllswed 

by g l w i n m i l n d  l~eterhck for shlwlt fl) resi\t;lnce aw,ciated with genetic divereence but net with peugrapllir 

or laxonomic dibergence. 



Helerusis for eggs pl81nt" :lnd deadl~e;#rl (%! in  ;nn R .I 8 diilliel rn;~linp systenl IWS atudied by 

Nirnbnlkurilnd llap8tt (1992! in  three different enrirenn>cnla. M o l l  hybrid, libr egaa pl:t"l" ;tnd nwre 1b;ln 

50% b)bridsA~r deadheart (%I  sltn~,ed aigniliamt (eilhcr po\il i \r or nrg;~ti\el helrro,ir abrr mid und l,rller 

parenl. 'The r:lnee elheler~~hir ober beller porrn l  for eaa\ pl.lnf > i n  F,. F, and f, .Y11.X7 ($1 30.11h. -411.25 

lo 42.79 ;and .31.23 fl l 42.hX reapecli\ely and lor dr.ldhr;wt llr! it n i l \  .hIl.YIl 10 53.22, 48.7') to 52.51 2nd 

-50.41 lo 37.54 rapecfivcl!. E l  enrirunn~enl ahssed nlore rignitir;~nt ncg;tti\t Ihelrre*is. Neuhtive tnnd 

signiliulnt belers*k filr ~ I ~ . l l d ~ t r r h  relibfed 10 sllilllt lly r c~ i~1 :1n~e  ~ l l l i l l i t ed  I)? r r$ i \ l i l l l l  v ~ u ~ ~ e p t i l l l e  ~r11h*e? 

would be uaeLl for ,lbt:lining tslcr:~ncrlre~kl:~llre gunoljpr sil l , bcller ia~r t inunir  Il:l\e. 





Studies Im the genetier eP*l~oot II) rerislilncr in *nrgllanl Ih! h i d \  el r )  litplarnlic Iliille *terilt. icnlrl 

line; were cltnducled in four e\perinienf;~l rcn9inp in tso ae:lrunr during r;~in) ;~sd pn\tr;lin) at.;t\on* 01 I'JLJ.(- 

96, ;a1 the 1ntern;lli~m;ll Crllpb Kaalrc l l  Institute Air the Sclni-Arid 'Sropir\ il('l<lS\'l.), l ' ;~t;~nrher~l. Andllr;~ 

l'r;~dehll. 

3.1. EXPF.KIMb;XI'AI, MATEKIAI. 

One hundred ;rind fnrly.f,~ur F,aorgl~t~n> Ilyhrid. ((ere ~lrodllcetl ill I1:HISA'I A\lil L.'cntre I1 \ ( ' I  

during the 1994-YS porlnin) ,u;lrolt b) cr11,ring I 2  rr\lorcr l i n a  (lour rerirt.1~1 Ihrtd line,; l w r  r u r r ~ p t i l ~ l r  

bred linmilnd filur pohlrain) re.ts~~~~.;~d.~ptud l i ~ ~ ~ d r : ~ c e O  nil11 12 en11 line\ i l i lur ritin! \cdv~n. I I r~t l  r(,(i*l;tnt 

mm, linb; b u r  pa*lr:~iny ardnln.llred rerhts~nt clnr l lnrr ilntl l i jur au*ceptil~lr rnlr liner) i'lilble I I. 'I Ile nl.llr 

und Wnlale parent., acre crossed in lhe cnml~in.~f ion~ ~IIII~III in 'l,tl~le 2. 1l1e reruttinc 144 F, It)l lr id\ 

comprbing nine *el% 14 line5 x 4 tri lerrl hilre lbeen u\ed in Iltr r(udio\. 

3.2. EXPERIMENTAL I)ESI(;N 

'The I44 n rghum Ih~brids along with p;lrenb and cIleck\ were ev;llu;lted in Kandomited ('llmplrle 

Dl l~ck Uesign [RCIIII) with three replic;$liunr under I s o  enrirllnmenh htllll in the rainy itnd pchtritin! 

SUWRI. UiRerent levels of inbtulion werecruited by udjufting the s u ~ i n g  dales and hy enhc~ncing the *l~ia,t 

fly p~rpulalions through the ~ w u f  infester rows. Natunll environment.l in  the rain) aeasltn (EIK) and in l h r  

pestrainy m n  (Elm] wascreated jw by abwing the S~IIY)~ tly pupulstisn to develup naturally tu represent 

farmers field. Whereus artificial envirunment.ll in  the rain) aearun (EI IK)  and in the pustrt~iny reawn 



~ a b l a  1 . Chsrao1~r ls t l~  ~~~IUIIS 01 lines end 10sl.r~ 

9 . ~ 0 .  Genoty~e  ~ e d ~ g r c e  ~ a y s  10 50% 
flowering 

- 
I. Liner 
a) Rainy soason.bred resislanl oms Ilncr (RBR e m )  

1 SPSFR 94002A (ICSB 51 x lCSV705) PS 19349B)8.2-1.1.2 80 

2. SPSFR 94OO3A (PS 21303 r SPY 388)1.3.2.2,1 76 

3. SPSFR 94001A (ICSB 37 1 ICSV 705)13.5.2.1 74 

4. SPSFR 94031A (ICSB 102 i PS280603) 4.2.2.2.2 74 

b) P011rainySaaoon.bred rerls1anlsmr Ilner (PRBR cmr) 

5 SPSFPR94001A [ICSB 11 r ( S 3 5 r  FsraFsrall.1.1.1.1 80 

6. SPSFPR 94002A (ICSB 37 r ICSV 705) 13.3.2.2 76 

7. SPSFPR 94005A (ICSB 101 x lCSV705) 7.2.3.1 78 

8 SPSFPR 94007A IPS x 1349.2.2.1) 79 

c) Sulcrpl lble smr  lines (SB cmn) 

10 ICSA89001 (BTU623 xCSV 4jx B.Bulk)l ICSR 23x(BTU 623 x B.Bulk) 7O(K) 
x (2968 x SPV 105)1(2077B 1 M 35.1).1.3.2.2.2.l.4.4 76(R) 

11. ICSA 69004 (ICSB3 r lCSR72) r ICSB 111.9.0.2 

12. ICSA90002 [ICSB I (BTU678 x Uchv2)B LINES Bulk1.3.4 r ICSR 71 

11. Teotrrr 
s) Reslslanl bred rcslorcr llncs(RBR) 

1 ICSV712 (PS 21303 r ISPYT BEY201.2.2.1.1.2 
2. ICSV 88068 (PS 14454 x SPV351).1.2.1.1 
3 ICSV89016 IPS 1 9 2 3 0 ~  SPY3511 .9.1.1.1 
4 ICSV 69030 (PS 28062 x R 11952).12.2.2.3 

b) Suasaplibla bred restorer liner JSBR) 

5. ICSR89076 [(ICSB 22 x ICSR 35) x (BT r 623) B Bulkl.3~1~6.1.4.2 

6. ICSR 90002 (C 85.2 1 1CSV I )  l MR 929k1.3 

7. ICSR 90005 (C 138 r ICSV 112)X SPL7Rk5.3.1 

8. ICSR90014 (PM 14103 1 MR855).5.3.1.1 

9. ICSR93031 M 35.146 
10. ICSR93011 IS 18372 
11. ICSR 93009 IS 33843 
12. ICSR 93010 IS 33844 





59. SPSFR 94OOlA X ICSR 80005 

60. SPSFR 94001A x ICSR 80014 

61. SPSFR 9403lA x ICSR 89076 

62. SPSFR 94031A i ICSR 90002 

63. SPSFR 94031A x ICSR 80005 

64. SPSFR 94031A x ICSR 90014 

65. SPSFPR 94OOlA x ICSR 89078 

66. SPSFPR 94001A x ICSR 60002 

67. SPSFPR 94001A X ICSR 90005 

68 SPSFPR 94001A XlCSR 90014 

65. SPSFPR 94002A X ICSR 89076 

70. SPSFPR 94002A x ICSR 90002 

71. SPSFPR 94002A x ICSR 90005 

72. SPSFPR 94002A r ICSR 90014 

73. SPSFPR 54OO5A r ICSR 89076 

74. SPSFPR 94005A x ICSR 90002 

75. SPSFPR 94OOsA r ICSR 90005 

76. SPSFPR 94005A x ICSR 90014 

77 SPSFPR 94007A x ICSR 89076 

75. SPSFPR 94007A x ICSR 90002 

79. SPSFPR 94OO7A X ICSR 90005 

80. SPSFPR 94007A x ICSR 90014 

61 ICSA 20 r ICSR 69076 

82, ICSA 20 x ICSR 90002 

63. ICSA 20 x ICSR 90005 

84. ICSA 20 x ICSR 90014 

85. ICSA 69Wl  x ICSR 69076 

88. ICSA 89001 r ICSR 90002 

87. ICSA 68001 x ICSR 90005 

68. ICSA 89001 x ICSR 90014 

89. ICSA 99004 r ICSR 69076 

90. ICSA 69004 i ICSR 90002 

91. ICSA 69004 x ICSR 90405 

92 ICSA 89004 x ICSR 90014 

63. ICSA 80002 x ICSR 60016 

RBRcm8 r SBR 94. 

RBRcms x SBR 95. 

RBRsmr xSBR 9 B  

RBR Ems r S B R  97. 

RBR sms x s B R  95, 

RBR cmr xSBR 99. 

RBRsms r S B R  100. 

RBR cm. xSBR 101. 

RBR cma r S B R  102 

RBR cms r SBR 103. 

RBR cmr xSBR 104. 

RBRcmr xSBR 105. 

RBRsms r SBR 106. 

RBR cma r S B R  107. 

RBRcms xSBR 108. 

RBR em. xSBR 109. 

RBRcmr r S B R  110. 

RBR smr r S S R  111. 

R B R E ~ P  xSBR 112. 

RBRom9 xSBR 113. 

RBRomn xSBR 114. 

RBRcmn xSBR 115. 

SB s m l  xSBR 116. 

SBsm. xSBR 117. 

SBsmS xSBR 116. 

S B c m l  r SBR 119. 

SBsms r SBR 120. 

SBsma r S B R  121. 

S B m ,  xSBR 122. 

SBcms xSSR 123. 

SBcms r S B R  124. 

SB smr x SBR 125. 

S s c m s  r S B R  126. 

SBsmcl xSBR 127. 

S s c m s  r S B R  126. 

ICSA 90002 x ICSR 90002 

ICSA 90002 x ICSR 90005 

ICSA 90002 1 ICSR 90014 

SPSFR 94002A x ICSR 93031 

SPSFR 94002A x ICSR 93011 

SPSFR 94002A r ICSR 93009 

SPSFR 94OOZA x ICSR 93010 

SPSFR 94003A x ICSR 93031 

SPSFR 94003A x ICSR 93011 

SPSFR 94OO3A x ICSR 93009 

SPSFR 94003A r ICSR 93010 

SPSFR 94001A x ICSR 93031 

SPSFR 91001A x ICSR 93031 

SPSFR 94001A r ICSR 93009 

SPSFR 94OOIA x ICSR 93010 

SPSFR 940314 x ICSR 93031 

SPSFR 94031A r ICSR 93011 

SPSFR 94031A x ICSR 93009 

SPSFR 94031A i ICSR 93010 

SPSFPR 940016 x ICSR 93031 

SPSFPR 94OOlA x ICSR 93011 

SPSFPR 94001A X ICSR 93009 

SPSFPR 94OOlA r ICSR 93010 

SPSFPR 94002A r ICSR 93031 

SPSFPR 94002A I ICSR 93011 

SPSFPR 94002A x ICSR 93009 

SPSFPR 94002A r ICSR 93010 

SPSFPR 94005A X ICSR 93031 

SPSFPR 94005A I: ICSR 93011 

SPSFPR 04005A r ICSR 93009 

SPSFPR 94005A x ICSR93010 

SPSFPR 94OO7A r ICSR 93031 

SPSFPR 94007A r ICSR 93011 

SPSFPR 94007A x ICSR 93009 

SPSFPR 94007A r ICSR 93010 

SB smr r SBR 

SBcms r SBR 

SB cmr i SBR 

RBRsms rPRLR 

RBRcma r PRLR 

RBRsms x PRLR 

RBRsms xPRLR 

RBRom, r PRLR 

RBR oms x PRLR 

RBRcmr xPRLR 

RBRcmn r PRLR 

RBRsmn r PRLR 

RBRsms xPRLR 

RBR cmn r PRLR 

RBRcms r PRLR 

RSR cms r PRLR 

RBRcmo r PRLR 

RBR cmr x PRLR 

RBR cmr r PRLR 

PRBRsmsxPRLR 

PRBR smr xPRLR 

PRBR ems xPRLR 

PRBR smr rPRLR 

PRBR smo rPRLR 

PRSRsmsxPRLR 

PRBRsmsrPRLR 

PRBR cm, xPRLR 

FRBRcmsrPRLR 

PRBR cms rPRLR 

PRBRsmsrPRLR 

PRBR oms xPRLR 

PRBR smr rPRLR 

PRBRsmsrPRLR 

PRBRcmsxPRLR 

PRBR ~ m s  rPRLR 



129 ICSA 20 

130 ICSA 20 

IJI. ICSA 20 

132 ICSA 20 

113 ICSA 89001 

1 3 ~ .  ICSA BOW1 

131 ICSA 89001 

138. ICSA BOOCI 

131, ICSA 89004 

138. ICSA 89004 

139. ICSA 89004 

140, ICSA 89004 

141. ICSA 90002 

142, ICSA 90002 

143, ICSA 90002 

144 ICSA 90002 

I ICSR 93031 

r ICSR 93011 

X ICSR 93009 

I ICSR 93010 

I lCSR 93031 

I ICSR 93011 

r ICSR 93009 

r ICSR 93010 

x ICSR 93031 

x ICSR 93011 

x ICSR 93009 

x ICSR 93010 

x ICSR 93031 

x ICSR 93011 

r ICSR 93009 

x ICSR 93010 

SB cms 

SB cmr 

SB om8 

SB sms 

SB cmr 

SB smr 

SB smn 

SB Ern. 

$0 c m l  

SB cms 

SB cmr 

SB cms 

SB rms 

SB cmr 

SB sms 

SB cm, 

r PRLR 

x PRLR 

1 PRLR 

x PRLR 

X PRLR 

l PRLR 

r PRLR 

r PRLR 

r FRLR 

x PRLR 

l PRLR 

x PRLR 

r PRLR 

r PRLR 

x PRLR 

x PRLR 

RBR ems: Rainy season.brad rea~stanl  ems I~nan: PRBR smr Pesl rainy scason.bred r e m l a n l  cmr Itnap : SB ems. Sunccpllble 

bred cmn l inas: RBR: Reaislenl bred rcsloi~ir ,  SBR. Svtcspllble bred rerlorsm, PRLR Post rrlny rc iuon.adaplrd land racer 



(KUHl w a  c ru l t d  by enllancinpsll~x~t Ily popul;~ti,~n+ b) soaiag CSIt.1 (;I soaceplit~le lhybridi in  four rorvc. 

21 days priortl l the pbntingnrrl~e l e t  malerill. h!oict f i \ t ~  n;e;~l packet5 of 5011g each acre placed within the 

i n b t o r  r l nn  t u i l t l r i ~ ~ t ~ l ~ ~ m t  Ilie (Stiirhs, 1970). Serringc acre t;~ken fiber IO r i r  week\ Ihbter thrrn lhe IIII~~I.I~ 

planting peril~d 111 Ihave aullicient sl111o1 fly pressure. 

Each entry rwcc pl.lnted in 2 . r ~  plutr 111' 2 11; x 11.75 nl (i.e., 2 rorrs sr 2 n; lengtll, ridges 75 cnl ;lp;lrt). 

I'lnb were tllinnetl at 10 days ;~tter emergenca lI~ere;~fler rekrred ;IS I1 All1 10 spacing 01'5 cln between ~;l;bnt\ 

within rolvs. Umdlleurtc due In s l l ~~n t  Ily d;lln;lgc did not :;ppe:lr prior 10 Illinning; Ihoau\er care s;~, lakvn 

to thin the seedlin~s on the Ih,!\ib oftheir 11o\ition in t l ~e  row i r re\prct i~c of their inIe5t:ttion or l t~ck orit. 

A l l  cu l tur i~ l  practice* quch 8 ,  interculture, irrieation (onl) in pc~rlr;~iny se:i*sni ueedlng rlc., sere 

carried out to milinlain ;I rveed.free crop in bntll the trit~ls in nliny i lnd pl~tlri l iny seacone. 'The pl;1111 

protection nleesure durinu n ~ i n y  and peatr;~iny rearona were ;l\uided until the sh1101 11) inksti~tinn p e r i ~ ~ d  

\vas complete. 

The crop in all the fuur en\ir~;nn~esh w;n pr~~lected ;!yain\l atem borer 11) spraying en1loeul81n 17l111~ 

a.i.ha.') tjdceat an inter!;1lurlltda)~;1tJ5 I)AE ;lnd 45 I M E .  Iluring the w i n  fillingalage bllttl the tri;ll\ 

were protected ag;linst lhead buy! b) spru)ing rurberyt I I K g  i1.1. II;I ') twice ;at an intervhll e l  a i ~  d;lya. 

Observations on earl) seedling vig~lur, gtu\tine,s, eggs plnnt", deadhearb plerl, ieel aurametera 1.5" 

leaf length, S1"eaiwidth and 5'"eaf droopine.;*), trichome density, days to 50% flowerin#, uniformity in  

recovery, total tillers plnnl.', pruducti>e tillers plant1, plant height and yield from uninksted (UNI]  and 

infested ptanls (1) were recorded both in the rainy ( k l~a r i f i  and p~ratrainy lrabii aeasons. 



3.3.1. Early Seedling Vigour 

Scedlingviaouraar scomd 14 DAE on u 1.7 ~cnla,ahcm 1 = highl) tiporrlu, (quirk growing) 

and 9 =learl vigorous (sla!vgroning and weak) scedlinpr. 

3.3.2. Glossiness 

Sccdiingsr~erc rcorcd for plor8inc9s 14 DAE on a 1-9 srillr, nhcrc I = contpictsi! giorsy and 

9 = completely nonglosry. 

3.3.3. Trichomes 

In ordcr to rtuB) the variation in lcaftriuhomc Qcnrily, thc central portion of tile SS1 Irsf 

(from the biuc)rvns takcn from thrcc randomly scivctcd racdiinp~. Thc lcilf hits acrc  procr~red I)? uduptinp 

a standard praccdurr (MailiJ977) of clcaring the Icnvcs fnr thc ohaervatien of lcaf trichum~s undcr a 

mlcrorcopc. lralsagmcntr (approrimatel) lcm') scru placcd in 20 n ~ i  of itcctie acid and alcohol solutinn (21)  

inrmaUgla~svials(1cm diamctcr,7.5cm high)o\cmight.Thcrcaftcr, thc) ~ c r c  tranlfcrrcd into 20 ml  lactic 

acid (90%) In stoppor~d ~ i a l l ,  Cleared isaf tepmcntli (appn,ximrtcl) onc dd? latcr) wcrc  rturcd for h t c r  

examination. 

For mlcro~copiccxaminatian, the scgmont3 Ivfrc mountcd on M slide i n  a drup of lactic arid 

and ob~ewedvnder aatc-micmrcopc at 15s and 101 magnification. Thc trichomcr on nbaxid and aditrial 

surfaces were countcd through randomi) rclcctcd microrcopic fields and exprcs~cd a8 trichomc dcn$ity mm'  

3.3.4. Leaf Parameters 

Maximum lenglh (a),dmapLng Icngth (b), grcatcrt width (w) and drooping dcpth (c) of thc 

lralrvfm m o r d r d  in d t h e  trials. The maximum lcaf Icngth was measurcd with the hcip of a scalc from thc 

b s m  of the lenfto thc tip after rtrsighlcning thc Icaf. Thc length of thc droopy leaf lr the straight l in t  



distancc bctwonlcafbarcand tip o fa  lcahvhlic drooping on the plant. This nnr mcarurcd with the help of 

thc scale from the Icaf base to the leaf tip silhout slr;~ightcning thc lc i~ l .  Thc niaxin~um pcrpcndicular 

distance bchvccn thc drooping leaf and the obscncrl lcngtb (straight linc ronncrling the Icaf l l i ~ t c  and lcvf 

tip) was considcrcd as drooping dcpth. L a f n i d l h  ads rcrordcd s l  the cenlrc of thc ical(Platc.l). Thc 

mcasurcmcnts ncrc rccordcd for Yd,4'$and d51"~d\ce n l  IX DAE in lloth the rainy and pustrain! rcdsonr 

for thrcc random plantr plot' e l  carh gcnotjpc. 

3.3.5. Egg Coul~ts 

Tatalnumbcrolshwlfl~cggeon Ill rnndun~l!~rclcetcrl rccdlin~u n r r c  rceordcd tnicc at an 

interval of 7 d a y  in all the four cxpcrinlrnlr. I n  Ihc rain! rcii%un,csunte ncrc mudc ;at I 4  ;~nd 21 DAE in 

eachcntty. Inthc po~train! sc.~son,countsncrc nladc in each cntr) nt 21 and 28 DAE. A sctcn daps delay 

in the egg counts in thc latter nus ghcn duc to dcla!cd cmcrgcncc of sccdiing~ d u r i n ~  aintcr. Simil;~rl!., 

numbcr 01 cggs on thc 3'' leaf for I 0  rnndomlp sclcctcd accdlingc ncrc rccurdcd. Average t111,iI numhcr of 

eggs per plant and avcragc number of c ~ g s  on third lcaf~vcrc caiculatc~l. 

Dcadhcart counts ncrc mrdc lhricc at i J  DAE, 21 DAE and 28 DAE in imth rain! and 

postrain! scasan~.Dcadhcarts ncrc cspr~slcd in pcrccnlagc 11) rccordinp Iota1 numbcr of plants plot'. 

3.3.7. Days to 50% Flowering 

WhcnSO% ofplants inthcplatacrcat 50% anthcris,thctotal numbcr of days from sowing 

to anthcsis war considcrcd as days toSO% floncring.This a a l  rcrordcd in all the four espcrimcnts. 



Plate 1. Methodology adapted to measure the leaf parameters. 
(a) Total leaf length; 
(b) Observed length of drooped leaf; 
(c) Drooping depth. 



3.3.8. l'iller Cuunts 

I n  e;lcll plot, tlltal lillera plant ' RII~I infestcd pl:lnf* aerc recorded ;tnd nunll,cr of productive liller, 

plant were noted. The cllunts were reuclrdvd Llr fi>e r.lndonll) rulcrlcd interled pl:tnl* plot.' lilr e;lrl~ 

genulypr. Average nunll lrr of t l~ l i l l  filler, pl;tnf ' at111 ;I+rr;igr. n u n ~ l ~ r  sf prudurtite tillerr ~pl;tnf.' .ere 

cislrulafed. 

3.3.9. Unifurmity in Hecuverg 

tt~%l~very railing 111r pI:111fh wb\ glwn on 13 I4 +c:tle, !!l!cre I !+A$ gi!cn fur l h ~ ~ ~ l l l ~ y ,  ~~nd;bnxtxed p I . ~ n l ~  

and for entries will1 gnod rerawcry in grunth of ;all pl;lnf\ (ner tlw plot, I) w;~\xi,cn fir I lm\ i l )  d.~m;tgrd 

planb n i t h  poerl) recovered tillerb. 

3.3.10. I'lanl Height a t  Maturity 

I'lanl I l e i ~ h t  ill sl;~turit) n,$r recorded in nlefrm Im l  lrorn tlle \oil rurRlcc lo Ill? tip o f l l l r  ~pklnl 

iincluding oarhead). 

3.3.11. Grain Yield 

At m;tlurily, the paniclea trunl four uninferled l l lN l1  p l rn l r  and Bun) filur inferted Ill pl.~nI\ nere 

I~~nstedseparnle ly  in ueh plot. b l l e r  tlleac were tl lre\hrd ~eper.!lely and ;I\er.tge pr;tin yield plan1 ' s;!r 

recorded. 

3.4. STATISTICAL ANA1,YSIS 
3.4.1. Analysis of Variance 

The data for each rharacler aere nnalysed separalely as per Rundomired Cllmplele Lllock I)ebign 

ANOYA sug~ected by Fanse and Sukhatme 119781 to ex;lmine the existence uf diflermce* among Ill? 



penolypb. Tl~etre;ltmenlsum ofsquares in the AFIOYA a:lr f~lrlller p:~r l i t i~~ntd 111 e\;lnline tile ~~,~r t i ru l ;~ r  

c~~ntriislr ilmong Hie genotypes. 

3.4.2. Correlations 

Charecter ass~lcieti~lns for rarious tr,~its 11lt11e hjbrida ilnd p:lrentr sere c~lnlputed urine rt.~li*tir;~I 

procedures llutlined by Sinell and Cl~aerll~ar! (11JX51 ~IIIII llleir rignilic,~nce a;lr turtc~l 11) rckrring to t l ~ r  

rerrelalilln coellicient tablerat ln.2) degrceqef lreetl~~a. 

3.4.3. Cut r~b in ing  A h i l i t j  Analysis 

'I'l~eanelyrirufe~~nil~iningal~ililg s;~r b:~?rd on t l~e nlet1111d ofKe111pll111rnc 110571. '1'11e r111;lri;lnce 111 

11;llf:sibrand hll.sibs ivah ured 111 11bt;lin eslinlatea ol'gmer;~l;~nd spetilir r~lmllining ;~l~ilit!. 'l'lle liller urctl 

;I* nldle ;and fenlate parent sere cruired ill :~cc~ird~~nre iiill~ the p.lllern dtrrrillrd for Ilrrign II 11) IIIIIII~IIIC~ 

and Rebins~~n lIYS21. 

'l'lle performance uf the F, I~hbrid oier t l~e mid parent \:llue, rt:lnd:lrd rlleck ill 35.1, the lrlort 

popular variety) and tb;~t orthe better pircnt hlr eacli crorr expreared ;lr ;I percent;li:e niir ri~lculaterl urini: 

theformulasuppected by 1,Bn~ etal, 119721. 'Sl~e iiniliolnce c~f Ileter~laia nila teated uaillg t.tert ,I+ auggeited 

by Snedecur and Cocllran (1967) and I'atcl~al;~nd H'ilc~lx IIY75). 





CHAPTER I V  
KICSU1,'I'S 

4.1 SUMMARY S'SA'SISI'ICS 

'The range, rt:~ndard error ISEI, mean ;!nd coeflicient ot'r;lrialion iCVl hlr e;trl) readlinc klgeur, 

glnssinecr, I total egp counl, I tilird leaf en! roan!, I1 lotr l  egg count, II third le:lfegc caunl, trirl~onte\ in 

alrilrial (All1 and adaxial (All1 surblcec For bath uninfesled I I IYI I  and inferted Ill planlr, I deadile;lrl B, II 

de;ldhearl 70,111 dr;~dlleart 70, 'a,', 4'" :tnd 5'Vle;tf lenetlt\, sidlltr ;and droopiner,, uniti~rmit! in reco$er!, 

tol.il l i l l ~ r s  phn l ' ,  produclite t i l ler  planl", yield tor hoth uninb*led iUNl l  ;and infe,led (11 p l m h  01' 

aergllum genot)pes, plant l~eigltl ;~nd d;~)a 10 3% flntrering ahich ,,ere e$alu;~ted in r:~iny *c;~ron ;arid 

pl~slrain) .iaac~~n in all the h ~ o r  en\irunmentr b i ~ . .  r;~in) nalural (EIKI, rain! nrfilici;~l IEIIKI, portr:~in! 

n;$tur;ll iEIK1 and pilrtrl in) ar1ifici:ll IEl l lO en\ironn~enta during 1995.96 are prnenled in'l'able 3. 

Stloot fl! rhbl;lnce i, u\u:lllj n,c;lrured b) de;ldllr:lrh. lluneter, etller trditr including dcr el~lpn~enl.il 

lrailr are Lnotvm or altril~uted 11, conrribule tu veriuur rerislance nlecllanisnlr (nripe*lliiln.ll nun.pret'arenct. 

vntibiosi. and recover) reairtancc). The fea*illilit! e l  using lhese trailr in nsbesrinp the \ariou* arpect, 111 

rlloot fly rerislance is investig;~led Ibereunder. 

E ~ r l )  seedling vigour, w l~ ic l~  ir one oflhe reliable nle.2urr; ot'esclpe frllnl alloil1 Ilg infertalien, ranged 

between 1.0. 9.0during r:iin) ;#nd p6alr:liny re;Lum,. l'llc mean seedling \igour !!.IS rel~tirel! 11igI1 in EIIK. 

EIK and EIK r r i l l ~  312.3.45 and 336 (on 1.9 acalel. allerea, il \?as ml~derelely low in E l lK  l5.27l.'T11e C\ s 

filr thebe envirunnlenls ranged belrleen 26.3.43.58 i'Pdble 3). 

1;lcwy trail,i~dependnbleme;rrureofuvipleiti~lnal anli\enasis,runped bet\!een 1.0 - Y.0 during r;lin! 

nnd postrainy seasens, 1.1;e nle,ln values were 4.47 ;lnd 4.57 in rainy season IElK and E l l K i  rapecti\el! 



cornpared to5.14 and 5.31 in p~atrainy sawn (EIK and KIIKI respstively.'llle CV, ranged between 20.30. 

41.1% in boll1 rainy and postrainy *easonr. (;lo*ry trail expressed more during rainy ,ea*nn cornpiired 111 

pestreiny season (l'able 31. 

The *hool fly i~clivily n i a  mure during rtiiny wson  compared In tlle pehtr;~iny searen. I)uring the 

rain) scawn, the 1tot;1I egg count plilnt' was Ihigll ilnd i t  rengcd between 11.5 . 5.6 (EIKI i ~ n d  0.3 . 4.7 

(EIIW, and during postriiiny se;lron the cge count *;I\ leas and i t  ranged I~rlb$een 0.0 - 1.8 IF.ll<i and 

between 0.0. 3.11 1 EIIK) repccti!ely. I l l e  Incan o>iposition:~l r;lluer were 2.22, 1.67. 0.25 and 11.97 snd tlrr 

CYs Mere 31.33,33.611,97.Y0 and 48.50% Ibr EIK, EIIK, EIK ;ind E l lN  respectiiel!. 

Interestingly, ; ~ l t l ~ o u ~ I ~  initial pest p~~pul.ation build up was more in t l ~ e  ortiliciat es~ironment*, Illere 

was no significant diRerence belucen natural ;and artilicial eni i r~~nnirntr  in I1 egi: c~~un t .  The III ipmilion 

ranged from 0.4. 7.1 iE lK)  and i~elrueen 0.2. 7.7 IKI IKI in r.lin) rcas~~n and betneen 0.0.5.3 (KIN1 and 

bel\reen 0.0.4.1 lEllK1 in puatrein) heilson in the I1 egg ceunt. 'l'lle mean oviporition kalue* I'or ElK, El lK.  

EIK andRIIK aere153,2.43,1.4? iind 1.49 and the C \ >  were 36.1,4I.4.49.7 and 37.87~ reapecti\elj. 'l'lle 

11 egg csuntahich a l s ~ ~  includes the lirst eer ceunt !+;IS talren ;IS a nlearure Llr eralu.ltion subrequentlj. 

'l'hesh1~1111) okipo,itiun on third leaf in the I egg count ranged between 11.0 - 2.6 ! EltO ,~nd 0.II . 2.0 

( EI IK) in min! seaslln ilnd between 0.11 . 0.9 ( ELK1 and 11.0 - 1.5 ( E l lK  ) in portr.~in) hersen. Tile me;in 

oviposition on third leafw.~~ll.42,002Y,0,04 and 2 and Cka nere 102.8, 116.1,212.0 ;lnd 112.4% fur ElR. 

EIIK, EIK and E l lK  respeclively. 

During rainy se:lsen, the abuet fly ovipclsiti~ln on tltird leaf in the I1 egg count during rain) ue.taon 

ranged between0.11.2.1 INK)  and0.0. I S  IEI IRI and during pestrain) season betneen 0.0. 1.4 (ElKl  and 

0.0. 1.3 (EIIK], l'lle meln ovipositinn on third leaf aas 0.31,0.32,0.15 and 11.15 and the CYs were 133.4, 

1172,1303nnd 138.1 b r  EIK,El lK , EIK and E l lK  rapectiuely.Since the CVs aere rer! lligll in be t l~  tlle 

I and I1 egg count, only tlie total I1 e ~ g  count was adopted for hr l l ler  evaluation (Table 31. 
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Observationsontricl~on~edensily lmm'l in uninbted I l l N I l  and infested (11 plantsanlpler reo~rded 

on I~oH~aduxial(AU) and i!l~tl\i:~l (All1 burlaces during rainy IE IK )  and pobtrainy IEIH) seitnm,. I n  win) 

setsun tlle tricl~ome density ails granter than in poslr~liny season. 'The trich~lme density wllr higher on 

abaxial (lower1 surface con1p;lred to the ;ld;~xial (upper) surhce. There wilr no significant difbrence in 

tricllome den5it) between inkvtcd and uninfeated pklnla i'rable 31. 'l'ilr egl! Ihlginl: occur, mn.;tl) on the 

l o ~ r r r  surface of t l ~ e  l ea f i~nd  the mdngot Ihas to make Run1 loser 111 upper ,orf.~ce Ircklre it redello tllc 

growing point, and llence eniy the tricllnnle nuniller on the ab.~riol aurhlce in oninfe5led pient w n p l n  na. 

considered as a nlensure orre*i*t,~nce (7;lble 3). 

Ileadlleart percenl:lac i, llle principstl mc:hure fur e!alu.tling r l~oot  fly re,i<tance ctnd in genaral 

de~~d l lw r t  percent1lne11f7O7~ in the susceptible cileck ia considered a, ;I nlort reliable fur nlra,urenlent lor 

reis1;lnce. I n  tlle preen1 inbnliastions. the daddlleart percenlsges rverr too l l i a l~  1~90,011 % I  in the 11 ;~nd 

UI counts in rainy ac;lnln cumpared to1 du$dhurt %. 'I'herefnre, it is suspected that home ol the rurceptiblr 

genllt!pn nlinllt Ihlne completely sipedout due 111 hen, prerrure. H ~ ~ n e \ e r  in tile po\tr;fiin! ro;aun. the I 

ilnd I1 dei~dileart percmt:lge\ were too loaer 140.00 %I  th.ln the 111 drddllearl 90 nhich anr conridered 

to be tile optinlunl pressure for screeningagainats1,oot Ily rehbtdnce I'fuille 31. Hence in the rainy serwn 

I deadhear1 count and is the potlrainy season the 111 deadheart cuunt bare been talken a\  a nled\ure 111 

re\irtance 111 ,I~ool fly in  the p r e w t  in\estipatiun\. 

Leuf pardmeter,, nan~el) Iraflengtll, leaf aidti1 and leaf droopinea, habe been taken tu rebte the 

re8llncetobhrat 11) in the 3'',4''and S1"er*es ('fable 31, Dnriahand Smilu Keddy (19801 found fifth and 

fourll l  le;lve, to be preferred in order for okipo,itien in l lw field. F u r t l ~ r r  there i r  nn inverse cr~rreldtiun 

between the distance of eggs from the bnse of lhe lpaf blade and productisn of'dendheare' in the i nb red  

seedlings (Munafi. 1967). Hence, among these parameters snl! 5'Vle;lflengtl1, 5" leaf s idfh and 5'h leaf 

droopiness were laken into account to relate the resirtanue 111 *I~est fl). 

1)~ge t t  (1972) and Ulum (1972) have eslablbhed the exislence e l  r e c o ~ y  rubtanre ah a recondar) 

nlecl~i~nbm sf rtih$nce. 'I'hur rwnery trails like un i f i ~ rn~ i l )  in renr\er), tol;ll tillers ilnd pruducti,e tillerr 



are considered for evaluation. I ' hn l  height and days tu 50% flonering were conridered Iby the aorgbun~ 

breeders of India and USA 111 be important determining factors fi,r ecolegical adju\tment and )ield 

exprenien. Hence these ad;lpt;llil~n ch;lracters were alau cllnsidered f i r  eruluatien to relttle shoot 11) 

resirtnnce. 

'Tu kn111v the incralred !ieldinp;thiiit) al,;ng \bit11 shoot fly resbtttnce, g r ~ i n  yield plunt ' in uninlested 

(UNI) and inksled (11 wnpler n;lr recurded. Even th~rugh the yield d;~ta \tar obfuined for all tile four 

envirnnmenb IEIK, EIIK, EIH and KllH) only n~ran jield di11i1 for EIK en,ironn~ent sar considered lor 

interpretations. 

Ikpendiny upon high range ;lnd Ilnv C V  of +;lrious traits in difierent en$iriinmenla and illso depending 

upon their reler;lnce RI r l ~ ~ m l  Ily rabo~nce,only early sezdling viyeur, glossine*a. 11 ti l lrl egg count, trichsme~ 

in ;~ba~ialaurf;~ce l4H) in uninlerterl plnnl* IUSII, I dondheart % IElK and EIIK!, I11 deodlleart B (E lk  

i ~ n d  EUKI,5'hIe~flengtl~,5'~le~f~~idtI~, 5'"e;lf druopinerr, d;l!r to 50% l l ~~ re r ing ,  pirnl Ilei~ht, tiltal tiller, 

pl.lnt I, producli\e tillerr plant I, ~~ni lbrnl i l )  in recorer! and !ieid in ~~ninfer l rd and int'e>ted ,:ln~ple* iVVI 

;ind I 1  !%err *uln.ted for lurliaer ;anel!\ir ;!nd presenlalion of rehull, Ihereunder. Other tr:lil\ rucli ;Ir 1 101.!1 

eCg cl~unl, I l l l i rd le;tf egg count, I1 third leaf epy count, trichon~er in ada\i,~i IAI)I rurhce tor l,otl$ 

uninkled (UNl! and [ I )  p l ;~nt~,  l r i c l ~ n ~ t ~ ~  in ab;lxiai surface iilll t i ~ r  inle~ted I l l  pl;lnl.\, ll and I11 de;~dl~earr 

% (EIK ;~nd El lK), l  ;and Udeadi~ei~rt C/r IEIK;I~~EUK!,  3'' and 4'' le;lf length,, Yd and 4'' leaf!tidthl. and 

3'< and 4'"lenf droopinesa nil11 iss range and llipil CVs Mere rejected ar these Mere not found Ill kldd ;in! 

me;lning$l insight 11, the nbjeclire* of the present stud). 

4.2, MEAN PERFORRIAUCF. OF SOK(;Hllhl (;ENOlYPES FOR VARIOUS 

CHARACl ERS 

'I he mans fur e;lrly seedling vigour, ploniness, leaf pannletersl.S1"eaf lenpth, 5" lear width and S'b 

leafdrwpinm),[riehoma, egg aunt,  deadheart %, unifornlily in recovery, lot:ll tillers pl:,nt1, producti\e 



tillers plant", yicld (UNI and I), days to 50% nowcring and plant height ofsorghum gcnol)pc~ which arc 

selected based on Ion CV and high range as Indicated earlier are  prcsentcd in Tables 4-7. 

4.2.1 Early Seedling Vigour 

Thccarly sccdlingvigour (1-9 scillc,~vhcrc I is mostr igarou~ and 9 is icarl \igorous), a trait related 

to shoot fly resistance in surghurn genotypes, rdngcd bcnvecn 1.33-7.33 (EIK) and 1.33-7.33 (EIIK) during 

rainy season and 1.00-7.00 (EIR) and 1.00-9.00 (EIIR) during postrain! srawn. The cxpcrimcntal mcan 

values !bere 3.47,3.52,3.37 and 5.30 for EiK, EIIK, EiR and EIlR c n ~  irunmcntf rcspcrtirel) (Tablc 4). 

Among the sorghum hybridr SPSFR 91001A x ICSR 93010 (developed on rain! scaaun-brcd rcsistant 

fcmaic parcnl),SPSWR94007A x lCSR93031 (dcvclopcd on postrain? season-brcd rcsialant fentalc parent) 

showed significantly high liccdiing v i ~ o u r  &2.00) in all thc four (EIK, EIR, EIIK, and EIiR) cn\ i ronment~.  

SPSFR94001A xICSR93009,SPSFR9403IAi 1CSR9303IISPSFR9403iA r ICSK 93011,SPSFR 9.l031A 

1 ICSR 931110 (dcvulopcd an rain) scamn-lrred rcsiatanl fcmaic parcnt), SPSFPR 94005A x lCSR 93031, 

SPSFPR 94007A x ICSV 89015, SPSFPR 94007A r lCSR 93009 (doclopcd on po~trainy reason-brcd 

rcsistant fcmaic pnrcnt) siao ahwcri high seedling tigour 62.00) in aticsrt thrcc cntironmcnts. SPSFR 

94001A xlCSV 88088,SPSFH 94031A r ICSV 88088,SPSFR 94OOZA r ICSR 9301 I, SPSFR 94003A r ICSR 

93010, SPSFR 9400iA x ICSR 93031 (dcvclopcd on rain! ccuson-brad reairtant fcmalc parcnt), SPSFPR 

14007A r ICSV 89030,SPSWR 94002A r ICSR 90002, SPSFPR94005A x ICSR 93010 and SPSFPR 94007A 

r ICSR93011 (deucioped on postrain) season-brrd resistant fcmalc parent) shoncd acedling \igour of 9 . 0 0  

in all the four cn~ironmcnta. Thc hybrids, ICSA 20 x lCSV 88088, ICSA 90002 x ICSV 88088 (developed 

on susccptibie bred fcmaic parcnt), SPSFR 9J03iA x ICSV 712, SPSFR 94003A r ICSR 93011, SPSFR 

94001A x ICSR 93011 (developed on rainy aenron.bred resistant fcmalc parcnt), SPSFPR 94002A x ICSR 

93011, SPSFPR 94OOZA x ICSV 88088, SPSFPR 94007A x ICSV 712, SPSFPR 94007A x ICSV 88088, 

SPSFPR 94007A x ICSV 89015, SPSFPR 94005A x ICSR 93011 and SPSFPR 94007A x ICSR 93009 

(dcvcloped on postrain) reason.brcd relistant fcmalc parcnl) exhibited seedling vigour 0153.00 in allcast 



tliree environnients wl~icll dilfered $igniticantly from otller genotypes. (;enrrull) horgl~um Ihyl~rid* invnlring 

susceptil~le parental lines, observed 111 I~i~vesignilici~ntly I~igher score iler* vigi~rous) especially during I;~te 

rabi (EIIRI (l'nble 4). 

Among p;lrenD, only nllemelep;irent,lCSR 93031 lp,~\triliny ~ci l r~~n. i~di ip led I;~ndr;~cel \IIowed lhiell 

seedling rignur (J.001 in all tllc four environments, xllere;a SI'SFPH V40112A, SI'SFPK V411117A lpo,tr;~in) 

aaaon-bred re\ist;lnt unlr line,), ICSV 712, ICSV XXOXX Ircaisl;lnt bred rrrlorer linm), ICSK XY117h. l('SI( 

90002 (rusceptible bred ratorer lint3), ICSR 9301 I, ICSR 930119 and ICSR Y3OIII Ipoitr;~in) ae;~snn-adi~ptud 

ktndraceal sllorved seedling vieour lnf <3.110 in ;~tloa*t lilree environnlenla, allicll diflured rignifiuinll! 

(1'=0,05) from o t l ~ e r ~ e n o l y p ~ .  Will] rq i l rd  tn purentnl line,, resistilnl ones were Lund to be more \ipon,n, 

than susceplihle ones. 

.Arnnnl: tllecl~sks,onl) IS 18551 (raistant) ail, more \igorou\ (<3.110) in utleilrt l l lreeen\ir~]n~llentr. 

l;ener:lil) cn,\>e.s in>ol~ing re*i\t.lnt l ine * i~~~rved l l i ~ i l  hecdliny t i g ~ ~ u r  t l ~ i ~ n  crnwes inbnlvine *u\rel~l i l~ l r  liner 

and \eedling bieot~r !(a5 niore during r;lin! reason tll.ln ill plhtroin) se;lsnn. 

'l'l~egluuiy rcore (1.9 sc;~le, rvhere 1.00 = completel) gleq*) and 9.00 = non.gln>s! 1 which i.; one of the 

nlost important masure for reislance rengd betreen 1.00.8.67 (EIK1 and 1.17.8.67 ( E l l l o  during rain! 

season and 1.00 - 9.00 (EIK) and 1.00. 9.00 (EIIRl during postrainy sea*en. 1)ifTerences were nxirked 

betwefn ap;Lsons for this character ;lnd tile genul)pes acre leas elo*\) (a i l l l  lliglier rcorel during pnstrain) 

season (5.15 and5361 ct~mpered to rain) $ c w n  14.47 ilnd 4.58) for bntll natural ;~nd nrtifickll envir,lnnlenb 

respectively (Tehle41. 

Among hybrids, SPSFR 9102A x ICSH 93011 Ideteloped on rainy sea>on.bred resistant fenraie 

p;1rent).SPSFPR93007A xICSV X8~18R,SI'SFPKVUIII?A xlCSKY30IOand SPSFPR 94007A x ICSK 93031 



(develuped on postr:liny 5e;lson.bred resistant femule pzlrent) ahowed aignilicantly (11=11.115) lhigh elu\.inur> 

(12.001 i n  $111 l l ie fuur envirunmenls. SI'SFK 94IIJIA x ICSK 93011, SI'SFK Y4031A x ICSI< 930111 

(develuped on rainy saruln-bred r ~ h l a n t  Lmille parcnli ;lnd Sl'hFI'R 94IIIISA x ICSK YJiI3I (deteluped on 

pmtrdiny ae:al!n.hred resi%t.int female parent) s I~~rnrdai~ni f ic : in l lg  lligh gIu*,ine\\ (c2.(liti in ;~tle;irf throe 

mvir~ lnn~enh.  SI'SFK Y?OOIA x ICSV XRIIRB, SI'SFI< Y.103IA x ICSV 88088, hl'SFH 94111121 x I C W  93111 I, 

SPSFK YJllU3A xlCSK Y3010,SI'SFK 910011 x ICSK 93031,SI'SFK 9JOlllA x ICSK 930119,SI'SFK 941131 4 

x ICSK 93031, SI'SFH 940054 x ICSR 93010 Idereloped on rain) se.8rvn-bred re%i\lant kn l .~ le parent), 

SI'SFI'I< 940051 x ICSV 8Y1130, SI'SFI'R 940117A \ ICSV 711, hl'SFI'I< Y10117A x ICSV IIY1130,SPSFI'H 

74007A x IChK Y3l l l l  and SPSFI'K 9.101171 x IC11< 931110 (dr\eliiped on po\lr:rin) red*on.bred resi.;l;lnt 

fentale p;irentl sl lenrd sipnifiuinlly (1'=0.05) lhigl~ glo\rine*r (3.1101 in all l l ie hlur en,irenment,. \Vhrre;~j 

a signilir.~ntly il'=U.OS) l l igl l ~l~l$sine.is 1~3.lIDl in alle:~st tllree envirsnnlent, s;ir 4iuan I]! SI'SFK 711131 4 

x1CSV 712,hPSFR 94U113A xICSK 93I111, SI'SFK P4ODtA r ll SK PJIIII, SPhI?K O4Oll2,< T lChK OIOII. SI'\l K 

L)Jlll)jA r ICSK 13111 1 (dcvrt<~yrd un rain! arxu~n.bred rnhlanr  frniale p.lrentl, SPSFI'K YJIIO?A h I( 'SV HHIIXX, 

SI'SFI1K94U074 x lCSV 89015, und SI'SFI'K1140i17,\ \ lC\ I< 9311119 (developed un partrdin) ae:t,un.brrd 

rrri5t;int Itmale p,lrent). hli lrt d t l w  1h)brids in\uit iag ra\irtanf p;trent;d line* sere *ignilic.~nlt) lnorr glc~.\! 

I'arenls .ere slatistically dilferenl l ion) e:ich other i n  glossinerr. S l i ~ ~ o t  11) r eh tan t  parental line, 

$sere gle~sy. !\llereus surceptible uner were nun.glllw) i n  both the season,. Amon)! p'lrenta SI'SFK 9411112A 

(rain) ae;bon.lired nb tan l  cmr line1 i lnd SI'SFPK YJ11117A lpaalrainy ,errsn.bred rerislsnt cnis l inet~l111~rt.d 

significantly (1'=11.05) IhigI~  lessi intis nith arctlre ofr1.00 i n  all the filur en\ironmenla ( Fable 41. ICS\' 712, 

ICSV 88088 (resistant bred rerturer lines), ICSK 93011 and ICSK 93010 (portrain) av~nln.8d.tptcd 

landrsres) showed significantl) IP=U.USI lii$!ti glossiness 112.001 in atleast three envirunmenta. SI'hFK 

910311 (rainy senmn.bred resbvdnt cms line) showed Ihigb glossiness of 9 . 0 0  in all the en~irunmentr. 

Whereas SPSFI< 94003A, SPSFK 94001b (rainy seas~in.bred resistan1 ems lines), SPSFPR 940ll?4 

(portrainy season.bred resistant cms line), ICSV 89015 (resisl;~nl bred restorer line1 and ICSK 931131 

(postrain) searun.adapted landrace) showed a hip11 glo\iness wire of 53.00 in illleast three enbironnimrr 

l7;ible 4). 
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With regard ~II checks only PS.193491l iresialanti recorded <2SIIl gll~,,inebr in all the four 

en~ironments, whereas otller ra is tnnt  checks M 35.1 and IS 18551 recorded 13.00 i n  ;III tile l iwr  

environments. Thus, only tlle rehislant parental lines and the Ihjbrids involving boll1 tile re*i*last p;lrentr 

were more glossy compared to tlle susceptible parental lines. 'The Ihjbrid, invelving eitller lhoth or one 

susceptible parent were extremel) nun glo,*y. In general, the genotypes were more glors) during r;~in! 

season than during pestrainy se;lson. 

4.2.3 Leaf Parameters 

The n l ran \;~lues f ~ ~ r  leaf ch;lr;~cters. I5'"e;of lenct l~,  ?"leaf o i d l l ~  and 5'Vleaf dr~hopine\\l o f  all 

wrghum genotype* during rain) and poslrainy \ea,on\ 111 1995.96 ;Irueiben in'l'al1le4. 

'The lenqlh (IF 5'Veaf \aried aigniliatntl! 11'=0.051 among the r i ) rg l~unl  gennlyper, I h e  lengtl~ (1r5'" 

1e;lfvaried belrveenY.95 .2').111 cnl IEIK)  ilnd52.3 .35.43cnl (E I IK )  during win) ara*nn and betnuen 6.Xll. 

28.23cm (EIK) :and 6.77.33.67 r m  ( E l l K l  dlrring pn\train! se;lson. l'lle me;ln lengthr for ELK, EI IK.  FIK 

and E l lR  were 1759,20.74,22.96 and 17.49 cm rehpeclivel). l ;ener~lly i n  ;all genot)pes 5'' Iraf lenalll a:lr 

more in rain) searon Il lan i n  po,trainy season (Table 41. 

Ofall Ihybrids, SPSFR 9J001A r ICSR 930IO (debeloped on rain) se;wl~n.hred rehibtanl femllle parent1 

shoud  signiticantl) (IJ=0.05) longer leava 1~25.00 cnli i n  all the fuur enrirl lnmenh coap;lred l u  the check? 

and othergenutypa in t l ~ e  aroup. SPSFH 9J001A x ICSR 93009 (developed on rain) rearthn.bred resistant 

female parent), SI'SFPK 94002A x ICSK 930I0,SPSFI'R 9400SA x ICSH 93031, SPSFPR 9411054 x ICSK 

93010,SI'SFI'K9U)07A x lCSR 93113I,SPSFPR9U107A r ICSR 93011, SPSFPR 94007A r ICSK 93009 and 

SPSFPR YJO07A r ICSV 88088, SPSFPK 94007A r ICSV 89030 Idekeloped on pustnin) aea\on.bred 

r ~ b h n t  female parent) lhad significantly (P=O.OS) longer le;lves 1~25.00 em1 in atleast three enrirunn~ent.,. 



Maximum lenptll 0 ~ ~ 2 0 . 0 0 m l  i n  ill1 l l le four envirvnnlentr a;a Ilbrer\ed in SI'SFK 1J40112A x ICSK 113111 1, 

SI'SFH 940113A x lCSH 93009, SI'SFK 9401lIA x ICSIt 931131, SI'SFK YJOIII A x ICSI< Y3001J, SI'SFK 94031A 

x ICSH 93031, SPSFK 940JIA x ICSIt 93009 (debelsped on rainy ,e;tion.bred re*iil;lnl km;tle p;lrent). 

SI'SFI'K 94007A x lCSV 712, SI'SFI'K 94002A x ICSK 930119, SPSFPK 9411115A x IOSK 930111, SI'SFI'H 

YUI07A x ICSl t  93031, SI'SFI'K Y4007A x ICSK 93011 and SI'SFI'K YJ007A x ICSI< 931110 lde!el<~ped on 

psslrniny re;~uon.bred ro>i\t.lnt renl;lle parenti. O f  u l l  genlllyper SPSFK 94IIfl3A x ICSV 8XII88, SI'SFK 

YJ031A x ICSV 88088, SI'SFK YJ1131A x ICS\ 89015, SI'SFK 940111A x ICbK iJ111105. SI'SFK Y411113A L 

ICSK 93031,SPSFK YJUOSA x ICSK Y31131,SI'SFK 94U03A x ICSK Y3111I, \IISt'I< Y411113A x IOSK Y.111111, 

SI'SFK VJIIJIA xlCSK Y3ll l l ,  bPSFK 941101A Y ICSI< YJl l l I ,  SI'SFK 941131A \ Il:\K 93010 (deteluped UII 

r i~ iny searon-bred resistml Lnlalep;lrenl),SPSFPH Y40OIA \ ICSK 93031, SI'SFI'K'JJUIIIA x ICSK 93009, 

SPSFYKYlOOZA x lCSK 90002, SI'SFPI< 94002A x ICSK 93031, SPSFPK YJU02A x ICSV SYOJ0,SI'SFI'K 

9Y102A x lCSK 93011, SI'SFl'l< 940ll5A x ICSK 93011, SI'SFI'K 94005A x ICSK 93009, SPSFPK 940074 

xlCSKY3U09,SI'SFI'KYJ007A r ICSV BBOW Idevelopedun pal ra iny aeu,on-bred rerbt;tnt fem;tlu p.bren11, 

ICSA 20 x ICSK 931131,ICS4 211 x ICSK 93009 and ICSA 20 r ICSK 93UlO idereleped [an rus~eplible bred 

lenvale p;lrenli slioned d l ) . l l l l  cnl lengl l~  in atlentt three eo\irunnlenlr I'l';~ble 41. 

A m s n ~  parent,$, lCbK  93010 (po.;lrain) heahon-adapted landrace1 rltilaed rignificrnll! (F=lI.IlII 

longer Ip;lres~25.110 cnl in all the four environmentc. \\hereds ICSK 93OU9, ICSK P301I r n d  lCbK  Y3llJl 

(pshtrain) nenmn-adapted iandracea) bi~ewed r25.00 cm lenglll i n  atlerrt tllree m\ironnlent.\. Sl'bFI'K 

94007I< lpostrriny searvn.bred rebirtanl cnls linei slleaed signilicanti) nlore lenalh 1120.00 cnll i n  all the 

four enrironmenta while SPSFK Y40OIA (rainy saa*on.bred rebislnnl cmr linel. SI'SFPK YJII02A ;~nd 

SPSFPK YUIIISA (psstruiny reason-bred rerirt;lntcmr line>) lh;!d longer Imves in u l lmrt  three en\irunnlent\ 

i l db le  41. 

O f  a l l  checks, only ICSV 7050 and hl 35.1 (re*i>lantl al~orved 220.00 cm IDrflenplh in n l l  the four 

environments. 1;enerally among parents, resistant bred lines and Inndrnres slluaed maximum leaf length 

conlpored to surceptible l ine. Sinlihrly (he hjbridr in\olving resistant parenh shewed maxinlum leaf len)(lh 

than I l jbr id*  in to i r ing a~~rceplible linei. 



4.2.3.2 51h Leaf Width 

Among genotypes the leaf width ranged betneen I.30. 2.87 ern IEIKI  and 11.60. 3.10 em lE l lK1  

during rainy season nnd between 0.4.1. 2.23 cnl (EIKI  ;and 11.30.4.37 m l  IE l lK l  during pnrtrain! ae;l\l!n. 

l ' l ~ e  experimenul nloan v:llur\ fur EIK, EIIK, EIK nnd KI IK aere I.X4,2.03 , I.Y? and 1.53 ern reapectivelj 

I 'L~ble 41. 

Among Ihjbrids, SI'SVPK Y4ll07A x ICb\' X9iIJ0, SI'SPI'R 940112h r I(:hK Y30111 lde~elupetl on 

p~l \ l ra in j  seam-bred reaiht;lnt Lmille parent), SI'SFK 9400lA x IUSK 93031 snd SI'SFK Y~I I I I IA x ICSK 

93tllll!debel11ped an rainy se:aon.l~red resirl'lnt feniiilc parent1 hilowed 21 n181~imunl s i d t l ~  of>?.IIII cnl in  :ill 

t l ~ e l u ~ r e n ~ i r u n n ~ e n l s  wl~ic l l  dinered aienilirantl) lP=O.05i R ~ l m  et l~er  genutjpes. SI'SFK Y4Ill.l~ \ IC5\  

XX0XR.SPSFK 941102A xICSK 89076,SI'SFK Y#l(llA \ I('SK 91111113, SI'SFH 04ilil34 \ ICSU 'IJIIIIY, SIISI;K 

YJOO3A xlCSK YJ!II0,SI'SFK Y40IIIA \ ICSH Y31111,SIJSFK 9JlllllA YICSK 93IIUY, SI'bFK 941131 4 \ ICSK 

930.11 Ide%eluperl on r;lin) \r;lr~ln.bred resirtant fen~;ile p;lrentl, ICSA 20 \ IC5K X1)1176 Irle\eloprd on 

ru*ceptible bred I'cnl;lle parrl l l l . SI'SFI'K 9411117A \ ICSV 712, SI'SFIII( Y401124 \ I(:SK YIIUII?, hI'5FI'W 

YJUIl2A x I O K  YJUUY, SI'SFI'K V4002A x It 'SK 'J3tIII1, SPSFI'K 94IIIISA Y IUhK 93031, SI'SFI'K 940llSA 

x ICSK 93010 nnd SI'SFI'K Y4tl117,\ \ ICSK Y30.11 ideteleped on po\tr;lin! \e;lren.brcd resistant fen1,lle 

p;lrent) showed n m a ~ i n ~ u m  a i d t l ~  of12.00 u s  in atlea4 tllree en\ i r~~nn~ents ITable JI. 

Among parents, ICSK 93031 and 1I:SK Y30lll ditlered lpuhtr~in! rr;~\~ln-:~d:~pted I;~ndr;lcerl 

significantly (P=O.OSl from other aenotjpes 2nd rlluned s m,lrimum nidt l i  u ~ ~ 3 . 0 0  cni in atleusl three 

environments (Table 4). 

Among cl~ecks, only resistant cl~erk, ICSV 7(l3ll allowed maximum n i d t l ~  IS.011 en11 in atleast three 

environments. l ' l ~ u ~  Ilybrids intnlring resistant parental lines shoned more loaf i i i d t l  compared tu otl~ers. 



4.2.3.3 5Ih Leaf nroopiness 

l;enotypes vilried significantly (IJ=0.051 hhr I h f  dro~hpiness a l ~ i t h  rtlnged lhetween 3.33 - 11.37 CIII 

(1.:IKl and 1.5 . I3.I)O tnh I E I I K I  during rainy season ; ~ n d  bel\+een 4.18 . 11.97 cm ( l i l l l l  and 3.17 . 14.13 

cnh IE I IK I  during pnstriliny ae;lsnn. hlerln d r~hnp in~  deplll for EIK,  EI IK,  Ell< and F l l K  \>ere 6.51, 7.38, 

9.14 and 7.411 cnl respectivel) II';hbleIl. 

Anlong Ihybridr, SPSFK 94ilOIA x ICSK 93IIlU (derelnped on r;lin! rrdron-bred re5ist;lnt fernille 

parent) and SPSFI'K 94005A x ICSH 93031 idevcloped Inn poatrdin) searon.bred resisli~nl fem:lle parent1 

aho~edmadn lun~  droopinas 111>').00 cm i n  all the en\imnmcntr. \Yhereas bI'SFK Y4031A \ ICSY 89015, 

SI'SFII YlOOLA x lCSK 930II,SI'SFKYJIIiIJ xl(~SK1)JIIII,SPSFK 940IIIA x ICSK 93031, SI'SFK YJIIJIA 

x ICSK 93010 (developed on ruin) w.tron.hred rcri\l.Int fem;lle parent), SI'SFI'K Y4Oll5A \ IChK Y.llllIO, 

SI'SFI'H 940D7A x ICSH 93031, SI'SI?I'K Y41107A \ ISCK Y3llllY rind SI'SFPII 94I1117A Y ICSI< YJOlIl 

Idevel~hped on po*tr:~iny se:~ron-bred rerirlant lemalc 1p:lrentl *h,nrcd n ~ a \ i n ~ u n ~  droopinear ofl).llll uru in 

r~lleasl tlhreeenrirlhnnhenta.SI'SFK 9400IA ~Il:lrKY3IIOY,SI'SFK YJOJIA x lCSKYJUOY,5I'SFK 9403IA 

x ICSR Y303lideveluped on r~nin) ae;~asn.bred reri\t;lnl Ienhalc p.lrent1, SI'5FPK 9411112A r ICSII 93IIIIY. 

SI'SFI'K 940074 x ICSV 89030, SI'SFI'K 941103A x ICSK 9.1010 ;lnd SI'SFI'K 94005A lCSK 930IU 

ideveloped on p ~ ~ s l r i ~ i n y  seasan.bred resistant fernn~le parent) ahused drunpiner 11fbX.00 cm in all the foor 

environmenh. SI'SFR VJOII3A x ICSI' XHORX. SPSFK YM3lA x ICSY XXOXX, SI'SFK Y4003A \ llW 03031, 

SI'SFR 9M03A xlCSK93010, SPSFK 9411314 r ICSR 931111. SI'SFK Y.IIIO?A r ICSK 03031 (debelnped on 

rain) aason.bred rah tan l  female parent), SPSFI'K 9411111A i ICSV 88088, SPSFPK 9401134 1 ICSY XYII30, 

SPSFPK YUIO7A x ICSV XXIIXB,SI'SFPH 940074 x ICS\ 89015. SPSFPK 9JIlOlA k ICSK 93031, Sl'hfI'K 

PJOOZA x lCSK 93011, SPSFI'K 9J005A x ICSK 93011, SPSFPR 94007A x ICSK 93011, and SI'SFI'K 

YMOIA x ICSK 93009 (debeloped on pustrainy seaon.bred resis?ant female parent) a h u ~ e d  dro~hpineu of 

28.00 cm i n  atleast three envirunmenb iTable4). 



Among parent,, ICSK 93011Y rind ICSK 93010 (postrainy seaw~n.;~d:~pted I;~ndr;~cerl sl~sived >Y.IIII 

cm in all the b u r  envirnnnlents and lCSK 93011 1pnrtr;liny season.ndnpted I.lndr;~cel sl~sned zY.00 cm in 

only three envin~nnlenh, wilereie ICSK 93031 ( p ~ ~ r l r i ~ i n y  season-nd;~pled I;lndr;~cel \1111aed nlilximum 

droopins, of>R.OO cm in all tlle four enkironment.~. SPSFI'R Y4007A (poclr;tiny se;b\on.bred re*irP.;nt cnlr 

line) and ICSY 88088 (resistant bred rertorer line) sll~nved ~8 .00  ml in  11nlj three en~irl lnmenh. Antonr! 

checks M 35-1 lrerist81nt) only aho\ved nlaxim~lm drn~~piness o f  >Y.IlII cm in ;fill tlle fiur environnlenlr 

(Table 4). 

l;enerallj, le;tf dr~~rlpinerr is nlere in Il!brirls invol\ing reri,t;!nt line, ilnd I;~ndr.trc p;~rent;~l line,. 

binlil.lrlj, umcrng parental l i ne  ilhll resi\tdnt and I;lndr;tce p;lrent\ r1111sed n ~ ; ~ r i n i u n ~  droopiner* con~p i~ r rd  

to the curceptible lines. 

4.2.4 Trichonic Density 

'l'be tricllonledensity (number mnl ' l  on the 411 surfilce !:~rird Iret!\een fenot)pes in both rain) : ~ n d  

pn*train) seasons. Among Ihrgenot!pe trici~omc denhit! !;~ried I~elneen l1.Oll. IllY.lY I K I L I  durina r;tin! 

ae.lron nnd 11.00 - 123.36 IEIK) during psrlrain! se;lblln. \\lien Illeon lricl~onle den\it) \!as considered in 

belsrwn rainy and prtstrniny rencsnr, the postrein! aeaaun t r ia l  had a hioiler number 144.001 than the rain! 

s e a m  trinl 135.341 l ' l u b i ~  51. 

Anlone i~ybrid,, SPSFK Y403IA 1 ICSK Y0001 Idereluped on rain! \n~,on.bred re\btant fesl;lle 

p;lrent).SPSFPK 9J001A x ICSV XXIIRR, SPSI'PK YJUUIA x ICSV 8Yl130. SPSFI'K 940111A r ICSK Yllllllj 

and SI'SFFK YJOOlA x ICSK 93031 (de,ehlped on poslrainy re~sun.bred resishnt fenlale parent) .*llulred 

>I00 t r ie l~orna n ~ n ~ . '  in ulleast one en\ironn;ent. 'The h jbr ids wilh lricllome density 270 in both the 

esrironmen&Here SI'SFPK YJUOZA r ICSV 712, SPSFPK Y4002A x ICSV RRDR8, SPSFI'K 94IIIIIA x ICSH 

90014 (dereluped on postrniny se;t\en.bred resi*tant fenlale p;~rent). SPSFK 94001.4 \. ICSV 711, Sl'bFK 



94001A x lCSR93009 and SPSFR 940UIA x lCSR 93010 (dcvciopcd on rainy scaron-\,red rcristant lcmalc 

parent), a n d ~ 7 0  trichomcs nim" in atlciutonccnviranmcnt \wrc obscwcd in SPSFR 94002A x ICSV 88088, 

SPSFR94003A x lCSV 712, SPSFR 94031A r ICSV 712, SPSFR 9100IA r ICSV 88088, SPSFR 94001A r 

lCSR93031,SPSFR94031A x lCSR93009,SPSFR94031A x ICSR 93010,SPSFR94031A x ICSV 88088 

(devclapcd on rainy scaron-bred resbtant Rmalc parcnt), SPSFPR 94001A r ICSV 712, SPSFPR 940USA 

x 1CSV 712, SPSFPR 94005A x ICSV 89015, SPSFPR 94001A Y ICSV 89015, SPSFPR 94005A X ICSV 

88088, SPSFPR 94005A x lCSR 90002,SPSFPR 94001A x lCSR 9301 I, SPSFPR 94001.4 Y ICSR 93009, 

SPSFPR 94002A x ICSR 93010 (dcrclapcd on pertrainy scason-brcd rcsistant lcmaie parent), ICSA 20 r 

ICSV 88088 and ICSA 89004 r ICSV 712 (dcvclopcd on susccptiblc bred Rmalc parcnt) (Tablc 5). 

Among parcnts, ICSV 88088 (resistant Ihrcd rcstorcr linc) shoacd >I00 trichomcs mm' in both the 

environments, nhcreu SPSFPR 94UOiA (poslrriny scaren-brcd rcristant cni! linc) and ICSV 712 (rcrirtant 

I r ed  rertorcr linc) shorrcd 5100 trichomc~ n ~ m "  in aticast one cnriranmcnt. Trichomc dcnrit! >70 mnl' 

in  atlcutonccn\iranmentaaobscncd amongSPSFR94031A,SPSFR 9400IA (rain! scason-brcd retirtsnt 

cms linc), SPSFPR 94002A (postrain! scason - brcd rcsistdnt ems iinc) and lCSR 93031 (pobtr.~in! 

scason -adapted landrace) (Tablc 5). 

Among chcrks, on]! ICS\' 708R (rccistant) shoncd 2100 triuhurncr mm-' in atlcast onc cn,irunmmt. 

The rcsistant chcck, IS 18551 an, obscncd to haicz70 mn l ' i n  both the cniironnicnt~ (Plate. 3). 

Gcncrally among parcnts, thc rain) scacon-bred rcsistant lincr had grcatcr trichome dcnsil) during 

rainy rcason than i n  poltrain) scam. Similarly the pastrain) season-bred rcsistant liner had morc 

trichomw during postrainy season rathcr than during rainy scason. Intercstingl) susceptible lincs had onl! 

vcry fcw to n i l  trichames during postrainy scaron compared to rainy scason. Similarly hybrids rcscmblcd 

thcir lcmalc parcnts l o r  trichomc density. 
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Amlme purentr. SI'SFH U4IIIILA.SI'SFH Vl l l l l3 \ ,  bl'bFK YJlllll,\ Ir:ais! ,r:~\olt.l,rrd r n i ~ l ; l l l l  r l l l r  

lined, SI'SFI'K V4111ISA. SI'5t'I'H V411117A (pe\lrsi!~! \e.trun.brucl ru\hl;tnl rntr l inrrl. l ( 'S\  HllllHX. I('\\ 

XVOIS. ICS\ HVOS0lrr\bl:lnl Ihrcd rr\ lnrcr l inn l .  l ( '5H OJIl3l. Il'\I( UJIII I. II 'SK UJIIIIY :lnd I I ' S I  U3IIIII 

lpo\lr:~in! aea~)n.:~d.~pted I .~nt l r , ic r~ l  r r n~ rded  ~!.IIII rpp* ~,l;tnl ' fs ;111 1111. lnur r s , i r o n ~ l ~ r ~ ~ l r .  \Yl~rrr;tr 

SI'SFK YU131A lr;lin! ~ ; i ~ l n - I ~ r c i I  r(*lttlitlll rnb lint'l. \l'SFI'H VUHll t .  \I'SI'131< VJIIII?A I~n\lr.t in! \t1.httl\- 

bred rurlrl:lnl cln. I lnrr! .lnrl I ( ' + \  712 Iru\i\ l .~nl Ihrrd rl,\lora,r 11111~1 3110~~0  2!.1111 tlppt 111:1111 ' i l l  :11Ik,.1*I 

Iltrcc en!ironlnenl+ I I ; I I ~ I ~ ~ ~ I .  

I lur ing r;lin! *can,n. anlonp Ibyl,ridr SIISI:H 'I4IIII1A x I1 \ V  712, SI'SFH 'J4IIOLA x I l ' 5 \ .  X8II88, 

\PSFRYUHl1& r I t ' s \  8'1!llS,Sl'\FK 9UH11A r lCSV NNlIH8,SI'SFK !iUllllA a Il:\V H'J11.111, SI'SFl< ~J4l!l l lh 

r !US\ 890.10,SI'SFK VUHllA r I(.'S\ KWllS,SI'SFlc 940ll2,l r ICSK Y3Il0'1, \ItSFH YJ1111.1,~ x ICSI( ~J.31131. 

S P S ~ R P I W I A ~  lCSKY303IISI'SFK9IWIA rl(:SK11.11K)'I,SI'51.1('lUlJIA x II 'SK Y3031,SP\FI( 1141131A 

r IOhK YJ(IO9, 5I1SFK VIOJIA x lC5V XB!!BX, S1'SI.K '14II.lIA x IC\\ '  X1lI13O ldevel~rpvd on rain) *e;lnjn. 



bred resistant lenlale p;~rentl. SPSFI'H P ~ O O I A  x ICSV 712. SI~SFI~H Y ~ u o ~ , \  r ICSV RKOKK. SI'SFI'K 

Y m 2 A  x lCSV 89030, SI'SFI'H YI007A r ICSV XXOXX, SI'SFI'H Y4007A \ ICSV 89lIl5, SI'SFI'H VJIl02A 

x ICSR 93010, SI'SPPL! 9UHlSA % ICSK 93031 (de,ek~pcd en poatr;lin) se;uv,n.l~rrd r r r i * t ;~n l  l i nu~ le  p;lreill! 

i ~ n d  ICSA 89001 r lUSK 930JI, ICSA 69004 \ IL'SH Y > l l i l Y i d e ~ ~ l , ~ p ~  ann~ \ r rp l i b l r  Ihrtbd Lnl .~ lv  p;lrentI 

slln~ved 585.00 per rent de~d l l e :~ rb  in l10111 111e environnwnl* (K lK  ,lnd E l l h i  ('l:~l,lr 51. 

I!urina plntrilin) s l \ l ln ,  tllewnl1l)prr a i t l l  du.lcll~?,!rl prrcrllt.lgsr ~6l l . l l l l  in 1111111 tile c ~ l t i r o n l l l ~ n l ~  

were SI'SFH YJllllJA x I1:SY 712. SI'SFK YIIIII3A \ I ( ' \ \  xxllnn, hl'St'H u~IIIIJA h II'SV XOIIJII. SI'SFH 

YJ001A r ICS\' XXORXSI'SFH YUlllSA r IL'SH PZIl>l,lrl'SFH VJlllll h \ I I '5K V31131,SI'SFK '14IIJIA \ ICSH 

Y303I,SI'SFK 9 U J l A  x ICSH Y3OIl,SI'5FIt Y4O0JJ\ \ II 'SK ~lllllil!. \llSFW Y411JIt\ \ \I('\\' XXIIXK. SI'SFIt 

YJ1131A r ICSV 89015, SI'\I;K YJOJIA \ II 'SV Ucll131! ldert. l l~pt.~l on rilin) r~ .~ \on . I~ r t . ~ l  r,,ri*l.tnl It.et;!lr 

parent), SI'SFI'H YJllO2A x ICSV 712, SI'SFI'I4 VJIIII? \ \ I I 'SY XXIIWX. SI'SFI'It Y4IItI2 \ \ II 'SP X'lI!IS. 

SI'SFI'H YJ002,\ ICSV XYII30, SI'SFl'lt VJllllj,\ \ I ( ' \ \  X111!15. SI'SFI'H ')4111171\ \ IL'bV XRIIRX. SISSI:I'It 

YUIOIA x ICSH 91111115, SI'SFPH Y4illllt\ r IC\K 'YIIIII4. \ISt'I ' I t Y111117A \ I('SH 'ltIIIII2. SI'5F111t ')411117A 

rYll l l l4, Sl'hFI'H Y4ll l lA \ lL:Sl< '13lIl 1,Sl'St'l'lt 041!Il!,\ \ l l ' 5U  Y3lllll l ~ l e~? lop t .~ l  ,111 ~ ~ l ~ $ t r i ~ l l l )  ~r ; !~t l l l .  

Ibrrd rei\ l. lnl I lnu~Ie p;~renll and ICb,\ X1llllll r I I 'S I '  X')il?ll I d i~ r? l i ~ l~u l l  1111 \arrrpti l~ls Ihr?cl I?s l i~ la  ~p i l r e l~ l i  

IT;lblu 51. 

Arnl,n}:p;lrenL$,durinar;lin) ralron SI'SFIt ~14IIII!A,SI'SPH Y4lllllA, bl'\Fl< ')II!JIA Irblin) *ell*lln. 

bred reaialant rms line*), SI'SFI'H YItllllA. 513SFI'H Y411t17A Ip~~$ l ru i ny  *e;~\sn.bred re*!rl;lnl rn l r  linerl. 

ICSV 711. ICSV RROX8 (rwbt;intbred rmlorer l i n ~ l  i ~ n d  ICSH 'JJIIIO ips\truiny re;~~~~n.;ld.lplud I.~ndr;re,l 

\hon.ed ~85.00 per cent de;ldliearla in lhulh Ihe cnvirl,nment\. SI'SFW Y40II2A, Sl'bFK 'JJIlII3A, SI'SFH 

YMOII1,SPSFH YJ0311 (r;lin) vilvm.bred raht ;~nl  cmt line), SI'SFI'W VJIIOI A, AI'SFI'H 11411112A, SI'SFI'H 

9405A,SPSFI'H YW7A [pl*ilniny seur~m.bred reri\ lanl cms linerl. lCSV 712. I1;SV UXIIXU, I1;SV XYlllS 

l r ah tan t  bred ra lurer  lines), IUSH 93031. ICSH VJIII I. ICSW 93009 and ICSH Y30lll lpu*lrainy reavln. 

adapted landruces) showed d0.00 per cenl deadhearts in bulh Ihe enviranmtnt% durina pnstr;~iny aeuvln 

(Table 51. 



Amonp:chsks.ICSV7U5ll~I'S~19349D,IS 1R551 und h l  35.1 lwbtant) were o b a r v d  111 h11vc~5.110 

per cent deadhearts during rainy season, whereas during postrainy reitson lCsV 70511, ICSV 7081l, 1's. 

193490 and IS 18551 (resistant) showed ~60.00 per cent dendhe;lrb. 

Tha hybrid* which in\nlved 1111th reblunt pilrents sho*ed aipnilir;lnlly lew dei~dhei~rt % run~p;lred 

to lhuse inv~lv inp ~ ~ ~ c e p l i l l l e  p;lrentrl lines. Tllb war nlure prtlnounued durinn pt~atr;~iny srlnln thun ill 

rainy season. 

4.2.7 Uniformity in Recovery 

Asan impurCln1 apronemiccl~sr~~cter, vi\uaI rulings for unilibrnl reco(er) *+ere given u4ng 1.9 s c i ~ i ~ ,  

il wns eiven for Ihenltl~y, undamaged plilntr and lilr entrie* aiti! guod reco>ery il l gruwtll 111'i;ll pli11113 I U Y Y ~  

the plnl; whiles score of9 was given hrr heavily d;lni;laed pl~nt, in entries n i t i ~  nu, tillers, ilnd i11s1, I;lckine 

uniformity in growth and recuvery). 'The recavery rilting ranged lrum 1.33. 8.33 (Ell() ilnd I.IIII . n.67 

(EIIK) during rainy season and between 1.00. 7.IIII IEIH) ;und I.IIIl.R.67 (EIIK) during platrainy reiron. 

Theexperimental mean values li,r Ell(, EIIK. EIK,and El lH nere 4.17,4.33,3.50 and 3.11 respectivel). 

Among hybrids SI'SFH 9403iA x ICSR 93031 (developed on ruin) sr;t*un.bred reristunt Rm;lle 

parent) showed 0 .00  recovery rate in all the four envirunmentr. SI'SFK YlllJl A x ICSV 8RIIRS, SI'SFH 

94001A x ICSR 93010, SPSFR 9403IA x ICSV 89015 lde)el~ped on rainy ,ei~n~n.bred reaihtunt Rmuio 

parent), SPSFPR 94002A x ICSV 712, SPSFI'H 9JOlllA x lCSV SYOIS, SI'SFI'K Y41107A x ICSV 711, 

SPSFPR 94007A x ICSV 89015, SPSFPH Y4007A x ICSV 890311, SPSFI'R YJOOIA x ICSH Y3010. SI'SFI'H 

9WSA xlCSR 93031,SPSFPR 94005A x ICSK 93010,SI'SFPH 91007A x ICSK 93031,SI'SFI'H Y411117A 

x lCSR 93009 and SPSFPH 940076 x ICSH 93010 idevelnped on postrainy seaurn.bred resirlnnt female 

parent) showed recovery rate of=$.00 in all the four environments. SPSFK 94003A x ICSV 88088, SI'SFK 

94031A xlCSV712,SPSFR94031A xlCSV 89030,SPSFR 940026 xlCSH 93011,SPSFH 94003A x ICSR 

93031,SPSFR94003A x ICSR 9MIL,SPSFR 94003A x ICSR 93009, SPSfR 94003A x 1CSK 93010, SI'SFK 

94WlA xlCSR9M31.SPSFR94WIA xICSH9W,SPSFlf 9U3lA xlCSH Y3011,SI'SFR 94031A xlCSW 



93009, SPSFH 9JO3lA x ICSR 93010 (developed on railly seiuon.bred raklunt Rnl~lle purenl). SI'SYI'H 

W 2 A  X lCSV 88088, SI'SYPR Y4002A x ICSV 89030. SPSPPK 9JOOlA x ICSV 88088, SI'SYI'K 94IIO2A 

x ICSH 93031, SPSFPR YUIIIIA x ICSK 93011,SPSFI'R U4OOSA r ICSK Y3OII.SI'SYI'K YJOOSA x ICSH 

93009, SPSFPR 94007A x ICSW 9301 I (de,eloptd on pc~rtri~iny sri~son.bred rr\i%tunt Rmulr parent) ilnd 

ICSA YOOOl x ICSV 88088 (developed nn susceptible bred Rmule pilrenll ren~rded 3.OO rewvery rille in 

alleast three environment% ll'i~ble 6). 

Among prrentsunly ICSV 712 lrablunt b r l  rmI11rer linel hl~nwed ~3.00 recojt3ry rille in ill1 111e Rbur 

environments. SPSFK PJOIIJA (rainy sr;aen.bred rbirldnt cms linel, S I ' S f  YJIIIIIA. SI'SFIIK YJIItIlA 

(postrainy season.bred resistilnl cms linel, ICSV 88088, ICSV 8Ylll5 (reabt;~nt bred restorer lines), ICSH 

8Y016,1CSK VWDl Isuaeptihle bred restorer linal, ICSR YJOJI, ICSH YJDI I ;and ICSH YSlllll (pl~rlri l it l) 

season.adapted Ik~ndraces) shuxed ~3.00 in utleilst three envirnnmenls I'l'uble 61. 

Amung check, ICS\'.lOSB (rei\l.lnt chskl  %Iia~ed Q.00 reciivrry rule in nli the Llur envirnnnlmls. 

wherww ICSV-RIRII, PS.IY3J9ll ilnd IS IR.551 Irerbtant c l~wk%l r l ~ ~ ~ w e d  gJ.110 in i111eiltt three environmcnt~. 

t;enerrlly among parenls,ausceptible pilrrnt;ll linmexllibiled poor uniliirmity in recovery thiln rerbr;lnt 

prrenlal lis. Amung hybrid,, tIiecrih*er invslvinx rainy wauln-l~red reaislilnt lines sh~~wed lliuh uniformily 

in recovery during rainy xaum than in po%lr;liny reawn. Similarly, hybrid, injelviny pnalrainy se;~ron.bred 

reiktanllinashomd hlgh unifi~rmity in recovery during pustrainy season than in riliny reualin. I n  generill, 

recovery war mere during pnslrainy seautn than in rainy uawn. 

4.2.8 Tota l  Ti l lers 

Tlller count was rarried out since highly susceptible varie1ie.s may respond lo shnirt Ily iltluck by 

producing synchronuur lilltrs, many of which may be able lo acape major insect dnmuge and give 

productive heady (L)wgpett,l9lZ) and information on tiller productinn lhus become a p a d  measure of 

recovery resiclpnce. 

Total number of lillers plrnr' ranged between 1.07.3.47 IEIKI and 1.06.2.64 IEIIK) during rainy 



season and 0.80. 655 (EIKI and 1.53. 1.79 (EIIK) during p~>\ l r~~i~ lyse; l *<~n (.l.ilble 61. 'TLe erper in lenl~~l  

nleans were 1.89,155,2.81 and 1.88 for E l l i ,  EIIK, EIK and El lR rapeclively. 

I)urine miny se;rnon,anlonC hybrid* ICSA 20 r ICSH YllIlflS, It.S.4 KYOlll v ICSH XYIIlb, ICSA BVllll.1 

xlCSK 89076,ICSA 20XlCSHY3010,ICSA XYWI x lChH YI IJ I  and I(:SA XYOIII r ICSK Y3lllll ldevel~~ped 

on susceptible bred femille pllrenll pr~~duced 22.00 lillera pl;lnt.' in IIII~II t l ~ r  v~~ \ i r !~nn~en ts  ( K l l i  und E l l l i l  

(Table 61. 

During postrainy season, SPSFH Y4003A \ ICSH YIIOIJ. SI'SFH YJOJlA r It:SH XY1176, SIDSFIf 

Y4031A x ICSH 90005, SI'SFH V40OIA x ICSV XYfl3Ii.SI'SFK Y4IIIIlA r ICSK 03OII [dvvelt~ped en rnin) 

season-bred resivtdnt female pilrenll, SPSFIIH 941102A \ ICSI( YI111111, SI'SFI'H YIIIIILA r I(:SK YIIIIIJ, 

SPSFPHY4005A x ICSR Y00112,SPSFPR YJOOSA x ICSK YIIOIIS. SI'SFI'K V4IIOSA h It 'BH YIIIII4, SI'SBI'If 

Y4007A xlCSR 80016 ldevel~~ped on pestr;liny 3uuln.bred rbihlilnt 1ml;llv psrenll, ICSA 211 x iCSH UY1176, 

ICSA 20 x ICSK 900112, ICSA 21) x 1I:SH Y0014, ICSA XYOOI x I t ' hk  #'J07h. Il:SA XYIIIII v I1:SH 111111112. 

ICSA RYOOI x ICSK ~OIIOS, ICSA KYOOI x ICSK Y O O I ~ ,  1c:sn nunor x I(:SR VIIIIII~. ICSA xuo114 x 1t:sn 

90005,ICSA YO00ZxICSKRY016, ICSA 20x I(:SW Y.11131,II'SA KYIIIII x ICSH Y31100, IChA 10 x ICSV 112, 

lCSA89001 xICSV 712,ICSA UY1101 xlCSV KK0X8,ICSA UYlHll x ICSV XYOI5, Il:SA XYOIII x ICSV XVllSll, 

ICSA 8YW4xICSV712,1CSA RYOOJxlCSV XBORK, ICSA BYIIIIJ x ICSV XY1115, ICSA Yllllll2 x ICSP Y3011Y 

and ICSA 90002 x ICSV 89030 (developed on suveplible Ibred Bnule prrentl r l~ened 21.00 tillers pl;~nl" it1 

bolh ~hemv i ronmmts  lElR and E l lR I  tTabie61. 

Among parents during rainy season none of tile parenh pruduevd 21.00 lillers p1nnl.l in  lbotb the 

envlronrneng, whereas SPSPPR 940111A (postrainy seasen.bred re%blanl cms I~nel, ICSA 10 (\uaceptible 

bred ems line), ICSV 89015 (resistant bred restorer line) and ICSH 90014 (su~ctptIb1e bred restorer line) 

produced 3.00 l i l len plnnt.1 in  only one rnvirunment (EIK). During pestrainy seunln ICSA 20, ICSA 

89001,lCSA Y W 2  ( w e p d b l e  bred ems lines), ICSV 89015 I rabtant  bred reslurer line) and ICSK 90005 

(susceptible bred retoror  line) showed d .00  fillers plant'' in  bolh Ihe envlronmenls lElR nnd E l l K l  

(Table 6). 



Table 6: I)LIM PBITOP- OF gsnotypss For uniformity i n  recovery end t i l l s r  count assoc ia t ed  u i t h  =hoot Ply realstance dur ing 

r d n y  (EIK and EIIK) and m a t  rainy (EIR and EIIR) seasons 1-5-96 

UniFormlty i n  recovery Totel  T i l l s r s   lent-' Pr-tivs T i l l a s  plant-' 

5.10. Cemtypes -- - 
EIK E I I K  EIR EIIR EIK E I I K  E I R  EIIR EIK E I I K  E I H  EIIR -- 

RER 0.5 x RBR hybrids 

1 SPSFR 94'3321 x ICSV 712 3.67 2.42 4.33 4.67 2.00 1.80 2.40 2.93 0.87 1.33 1.73 0.86 
2 SPSFR940CQlxICN68088 3.00 2-67 3.33 4.W 1.73 1.46 2.53 2.86 0.87 0.80 1.27 0.86 
3 SPSFR 940021 x IC5U 89015 4.00 4.00 3-00 3.33 1.80 1.86 2.53 3.33 0.87 1 .W 1.47 1.06 
4 SPSFR 94OLPl x ICSY 890Y) 3.33 3-33 3.00 2.3) 2.07 1.80 2.53 3.40 0.93 1.13 1.27 0.73 
5 SPSTR 94'333l x ICSU 712 3.67 3.m 3.33 2.67 1.87 1.56 1.60 2.13 0.80 1.06 1.07 1.26 

6 SPSFR94W3AxIC5UBBOBB 3.00 4.33 2.33 2.33 1.73 1.66 2-27 1.86 1.00 0.93 1.m 1.20 
7 SPSfR940031xICSU89Ul5 5.33 5-67 5.W 6.00 1.80 1.73 3.00 2.80 1.m 0.80 1.40 1.26 
8 5PSFR %IDS1 x ICSU 89030 4.33 3.33 3.33 4.67 7.40 1.53 2.07 3.13 0.80 1.W 1.13 0.93 
9 SPSFR 94'3311 x ICSU 712 3.33 3.m 5.m 6.m 1.33 1.40 3.m 2.66 0.60 0.93 1.66 1.26 

10 SP5FR 9 4 W l l  x IC5U BBOBB 3.00 2.67 3.67 4.33 1.67 1.53 2.20 2.83 1.10 0.86 1.27 1.51 

11 SPSFR94WllXICSU89015 3.33 3.67 7.00 8.67 2.33 1.33 4.00 2.66 0.87 1.m 7.83 1.26 

12 SPSFR 94W1.4 x ICSU 89030 4.00 2.33 5.33 5.67 1.87 1.66 3.08 3.93 0.93 1.06 1.48 1.33 

13 SPSFR ~ 3 1 1  x ICSW 712 2.67 1.67 2.33 4.67 1.67 1.40 2.93 2.40 1.00 l . W  1.33 1.26 

14 SPSFR 911311 x ICSV 68089 2.W 1.67 2.33 2.33 2.W 1.56 1.60 2.53 0.86 1.06 0.80 1.20 
15 SPSFR 910311 x ICSU 89015 2.W 2.67 1.67 2.00 1.33 1.56 2.- 2.20 0.93 1.W 1.53 1.06 
16 SPSFR 9 ~ 3 ~  ICSU ~ 9 0 3 0  3.67 7-67 2.00 2.67 2 . n  1.53 2.67 2.53 0.80 0.76 1.m 1.06 

R(W c.3 x RBR hybrids 

17 SPSFW WOO11 I ICSU 712 5.33 4.67 4.52 4.33 1.47 1.33 2.52 2.38 0.80 0.80 1.54 0.98 

18 S P S F P A ~ ~ ~ ~ ~ I C S U ~ O ~  5-00 0.33 3.3) 1.67 1.80 1-20 2-27 3.20 0.73 0.80 0.80 1.26 

1 9  S P S F R ( 9 4 ~ l l x I C S U 8 9 0 1 5  5.67 6.67 3.33 4.67 2.27 1.40 3.07 2.53 0.93 l.m ? .m 0.80 

20 5PSFPA W 1 l  x ICSU 89030 5.67 6.67 6-00 4.67 2.07 1.46 2.87 3.06 1.00 0.93 1.13 1.33 

21 SPSFPR w z n  x ICSU 112 2.33 2.33 3.m 2.67 1.87 1-73 2-33 2-93 0.93 1.13 1.40 1 . n  
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During rainy season, none of the checks prlrduced 22.00 lillers ph~nt.' in b11tl1 t11e e~~rirunn~ent.s. 

During postrainy season, anlg CSH.9 (susceptible check) prodtcrd d.110 tillen pli~nl,' in EIK :lnd E l lK  

environments. 

Thus among parentill lines, tl~esureplible bred lines prodaced n~;~\ in lun~ number ul l i l l t r r  plilnl ' 

compared to the resistant bred iina. Similarly lhe hybrids injulving ruscrptil!lr p~lrsnli~ll inrr pruducud 

morenumber of lillersthan I lybr iL inwlving raisti~nl pilruntal lines. I n  genrr~ll, nlore nunll~rr e l  l i l lrrr vuru 

produced durinp postrainy season lhnn in rainy seunln. 

4.2.9 Pruductive Tillers 

Productive tillers were recorded ah lhr  number I I~  tiller* prnducing Ih i~nr r l i~ i~ le  Ihcildr is rel:~tinl~ to 

the 1111111 number of tillers after llle muin slenl w:ls d;~n~i~grd.  Number oI'prnducti%r tillera plstnt ' r;lsgrd 

Rum 0.53.1.55 (EIK) and 0.57.1.46 E l l l i )  d u r i n ~  ruiny seilson und 0.47.3.5Y IEIWl ;and lI.4II-Z.llll IEl l lO 

durinp pn~trainy sawn. Theexperi~sent.~l mean tuiurr fur El& C:lll(, EIH 11nd I:IIK wrrr lI.VI, 11.'17. 1.36 

nnd 1.15 respectively (Table 6). 

Among hybrids,SPSFR YMJlA x ICSV 712, SPSVR UJIIII1A x ICSH XY1176,SI'SFK Y411113A x IChl( 

90005,SPSI;H94001AxlCSK93031,SPSFH YM03A x ICSK Y31131,SI'SFR Y411113A x ICSR U30IlY, SI'SFI< 

94001A x ICSR 93009, SI'SFK Y403iA x ICSK 93011, SI'SFK YJOIIIA x ICSK VIIIIIP Iduveh~ped on rilin) 

season.bred resistant female parent), SPSFI'H YJ007A x ICSV XXOXR, SI'SFI'H Y40II7A x ICSV 8911311, 

SPSFpK9JM)zA xICSR89076, SPSFPR 94001A x ICSH 93U31,SI'SPI'W Y40UlA x ICSK 9300Y, SIISFI'R 

9400SA x ICSK 93031, SPSFPH Y4007A x ICSH 9301 1, SPSFPK Y41107A x iCSH 930111 (developed Inn 

postrainy season.bred resistant female parent), ICSA 20 x ICSR 93031. ICSA X91101 x ICSR 89076, and 

ICSA 89001 xlCSK 93031 (developed on suweptible bred female parenll produced 21.00 produclive ti l len 

plant' i n  all the four environments. Whereas SPSFK 94002A x ICSV 89015,SPSFK9J(103A x ICSV 712, 

SPSFR 9 W 3 A  xlCSV 88088,SPSFR 94003A x ICSV 89015,SPSFR 9 W I A  X lCSV 88088, SI'SFR 940OiA 

x ICSV 89015,SPSFR 9 M I A  x ICSV R9030,SRFH YJOOlA x ICSR 90005, SPSPR 94003A x ICSK 891176, 



SPSFR9M3A XlCSR 9W2,SI'SFK 9 W 3 A  x ICSK WKIIJ,SI'SFKYUX)IA 1 ~ s ~  q01)02, SI'SFW YJOolA 

x 90005, SPSFK 94031.4 x 1CSH 89076, SPSFH Y41131A x ICSR ~0001,  SI'SFH Y403IA r ICSH YOOll5, 

SPSFR 94001A x ICSR 93011,SPSFK 9 W 1 A  x ICSK 931111V,SI'SFK YUHIIA x lChW YJUItI, SI'SFK YJIIOJA 

xlCSK 93010,SPSFR 9 W I A  x ICSR 9H131,SI'SFK YJ1131A \ ICSK YJIIJI, SI'SFH YJIIJIA x ICSK YJOIIY, 

SPSFR 94031A X ICSK 93010, SI'SPH 94031A x ICSY XVOlS tdebel~~ped UII rriny setlutn.bred rr.*i.il;~nl 

female parent), SPSFPK 94001A x ICSV XVUJO, SI'SVI'H YJU02A r IC'SV 711, SI'SvIIH Y41102A x I('SV 

88088, SPSFPK 94002A x lCSV RYnls, SPSFI'K U ~ I I S A  \ I('SV XYIIIS, SI'SFI'H YJIIIISA r II'SV XYIINI. 

SPSPPK 94007A x ICSV 712, SPSFI'K Y4002A x ICSH YlItIII1, SI'SPI'K YJlItl2A r I(:SR YIIIIIJ, SI'SPI'H 

94005A x ICSH 90002, SPSFPK 91005A x ICSH YOOIJ, SI'SFI'H 94fllllA x ICSI< YJOIO, SI'SFI'H YJ11112A 

x ICSK 93031, SPSFPK 9JDll2A x ICSH 9JIIII,SI'SF111 Y4OWA f I t 'SH YJOJI, SI'SFI'H YJOII7A x I(:SH 

93009, SPSFPR 94007A xlCSR 89076 [devel~rped on pustrtliny se;~si~n.lrrcd reairltlnt femllle p;lrenfl, ICSA 

20 x ICSK 90001, ICSA 20 x ICSK 901105,ICSA 10 x ICS\' XYOIS, ICSA 20 xI('SV XVOJII, ICSA XYIIIII t 

ICSV 712, ICSA 89OOl x lCSV R9015, ICSA 8YllllJ x ICSV 712, IOSA XYIIIIJ x ICSH YIIIIIJ, ICSA 10 x 

ICSR~~OII ,  ICSA 20 x ICSK ~3010,  ICSA ~YOIII x ICSK YJOII, ICSA XYIIOJ x ICSK YJIIJI, ICSA XYIIII~ 

x ICSK 93009, ICSA XY004 x ICSK 9JOlll and ICSA 'JlIIII11 x ICSH Y.11111 tdevell~ped (In ri lrrepliblr Irrrl l 

 male parent) zl.OO produclivv tiller pklnl" in :lllal%f three envirllnmenla I 'h I l Ie  hi. 

Noneof llle pdrents pruduced 21.110 pruduelibe tiller pldntl in all the envirann~enla. w l l e r ~ d ~  I(:SA 

90002 (susceptible bred cms line), ICSV 712 (reiblunl bred reaterer) tlnd ICSK Y300Y (pltrtrttiny $esaun. 

adapled landruce) produced 21.00 prtrduclive tiller pldnt" in  rtleusl lllree enbirllnmenla l 'hb le 6). 

Amongchek  lCSV 7050, lCSV 7080, I'S IY349U and IS 18551 (raistanl cl~erkal pnrdured 21.1lO 

pmdudivc tiller in aU the four envirunmenli, whereas M 35.1 (resistant check) produced 21.00 pruductive 

libr planrl in only three environments. 1;eneraUy productive fillers were more during pustrainy season than 

dur ing rainy season. Among parents, susceptible parental l i n a  and postrainy searon.udupted ldndrutea 

p m d u M  e d h m  numberofpmdudlveWrs. No significant difference was observed among hybrids Brr 

this trail. 



4.2.10 Yield (UNI and I) 

Thegrain yield(gphnt") frllm uninkted pklnt a;~nlple*iIINIl ranged [rum 0.53. II4.40 i E l K l  und 

from 0.85 .45.79 (EIIK) during rainy season und beheen Ih.33.97.97 IEIRI ilnd between 2.43 . 65.31 

(EIIKI during postruiny spawn. The trialmean !:~lue* Blr KlK, EIIK, EIR end EIIR were I0.92,12.54,47.27 

and 25.12 g plant" respectively (Table 7). 

The grain yield from infeted phntempla ill r m y d  between 0.18 .27.114 g iE lK l  i ~ s d  I.Hn.72.82g 

iEIIK)during rainy seam and between 22.118. ll12.421:(EIK) and 3.36.67.761: IKI IKI  during p<atr;tia) 

seasun. The mean values Pbr EIK, EIIK, EIK ;lnd El lK were 7.56, 10.49, 51.26 und 2l.4l g p1;lnt.I 

respectively (Table 7). 

The differences between the meana e l  EIK, KIIK. Ell( :lnd EllK were relletti~bnr or the revere ergot 

diseuse due to continuous rains duriny tluaering perind in rilin) ae;l*sn IKIK ilnd E l l K l  and revere Ibird 

damage in pastrainy season [EIIHI. Hence only E l k  tri;tl i* r.ol~*iderrd h r  intrrpreti~tian\. 

Duriny pestrainy season (EIRI, umung Ihyl~rid*, SI'SFR Y40IIIA x ICSY IIHIIXX. SI'SFR YQI31A a 

ICSR 90002, SPSFR 94003A x ICSR 93010 (developed en rainy senson.bred re$isl;lnt lenlule pilrmtl, 

SPSFPK 94001A x lCSK 90014, SPSPPR 94002A x ICSH 9.II)IU idevelnped en pmtrpiny \e;lu~n.l)red 

resistant Rmalepnrent),lCSA 20xlCSV88088,ICSA 89004 x ICSV 712, ICSA 211 x ICSR 9110112 and ICSA 

891241 x ICSK 90014 (developed on susceplihle bred femule psrentl prnduced r6O.Ol) y plant ' l ~ n t l ~  in UNI 

and I sample. SPSFR 94002A x ICSV RII088, SPSFK 94002A x ICSV 89015, SI'SFK 94002A a ICSV 89O30, 

SPSFR 94003A xlCSV 88088, SPSFK 94003A x ICSV 89030, SPSFR 94001 A x ICSV 712, SPSFK 94001 A 

x ICSV 890M,SPSFR 94031A x ICSV RWM,SPSFU 94031A x ICSR 90014. SPSPK 94002A x ICSK 93010. 

SPSFR 9 W 3 A  x ICSR 9M09,SPSFR 94001A x ICSR 93009, SPSFR 9400IA x ICSR 93010, SPSFH 94031A 

xlCSR 93031,SPSFR9403IA xlCSV 712,SPSFR 94002A x ICSR 90002,SPSFR 94002A x ICSK 90014, 

SPSFR 940036 x 1CSR 90002 (developd on rainy sraran.brd rabtant bmale parenll, SPSFPH 94001A 

x ICSV 88088, SPSFPR 94001A x ICSV 89015, SPSFPK 940026 x ICSV 712, SPSFI'R 94W2A x ICSV 

89030, SPSFPR 94007A x ICSV 712, SPSFPR 94007A x ICSR 90002, SPSFPK 94005A x ICSR 93011, 



SPSFPR94005AxlCSK 93010,SI'SFI'R 94007A x1CSH 93011,SPSFPR 94007A x ICSK 931110,SI'SFPII 

94007A x ICSV 89015,SPSFPR 94007A xlCSR 89076, SI'SPPR 94001A x ICSK 90005,SI'SFI'R 94002A 

x ICSR 90014 (developed on postrainy season.bred resistant Female parent), ICSA 89001 x ICSH 89076, 

ICSA 89001 xlCSK 90002, ICSA 89004 xlCSR 8907b, ICSA 89004 x ICSK VOODS, ICSA 89004 x ICSR 

90014, ICSA 90002 XICSR 90002, ICSA 9000~ ~ I C S R  yonos, ICSA 90002 ~ I C S R  90014, ICSA 8YnoI x 

lCSR93011,ICSA 89001 xlCSR93009,ICSA 20 x ICSV 712, ICSA 20 x ICSV 89015,ICSA 89004 x ICSV 

89015, ICSA 90002 x ICSV 89015 (devebped on susceptible bred female parent) recorded 50.00 1: plant" 

grain yield in  atieast onesanhph (UNI or I) ('l'able 7). 

Among paren@,only ICSR 90014 (susceptible bred restnrer line) produced $0.00 a planr' flrain yield 

in both UNI and 1 samples. SI'SFK 94002A, SPSFK 94003A, SPSFR 94001A (rainy setaun.bred resistihnl 

cms lines), SI'SFI'K 94005A, SPSFI'H 94007A (postrainy season.bred resistant cms lines). ICSA 20 i 

susceptible bred cns line) and ICSV 89030 (resistant bred restorer line) pruduced >60.00 p plant" in atleihst 

onesample (Table7). 

Nnneaftlhechecks pruduced~0.00 p pbnr'grain yield in both the samples. The checks, ICSV 7080 

(resistant), 2960 (susceptible) and IS 18551 (resbtanl) produced %O.OU p planr' in stleast one sample. 

Allhough,amnng the parenlal liner themsceptible parentallines have yielded more compared to sthers, the 

lhybrids did not diPler significantly. 

4.2.11 Days tu 50% Fluwering 

Theduralion (number of days) For 50% flowering ranged between 65.50.77.55 (EIK) and between 

6180 .a633 (EUK) during rainy season and between 60.00.83.67 (EIR) and between 74.00 - 94.33 (EIIR) 

during postrainy season. The experimental mean values were 72.82,69.66,71.78 and 84.13 days for EIK, 

EIIK, EIR and El lR  respectively (Table 7). 

Durlng rainy season, among the hybrids, SPSFK 94001A x ICSV 88088, SPSFR 94002A x ICSH 

89076,SPSFR 94002A xlCSR 93031, SPSFR 94002A x ICSK 93011, SPSFR 94002A x ICSR 93009, SPSFH 



94001A xICSK 93031, SPSFW 94031A XICSR 93031,SPSFR 94031A xlCSK 93011 (developedon ruiny 

,%wn.bred resistant female parent), ICSA 90002 x ICSR 89076, ICSA 89004 x ICSK 93031, ICSA 89004 

xlCSK93011 and ICSA PO02 x ICSR 93031 (developed on susceptible bred female parent) recorded 570.00 

days for 50% flowering in bat11 theenvironn~ents (EIK and E l lK )  (Table7). 

Iluring pe5trainy seaqsn,a duration of s80.011 day, to 50% tlswerinp in b i~ t l l  the envirl~nmenla (Ell{ 

and RIIK) w\ recorded for SPSFR 94003A x ICSV 88088, SI'SFR 94OlllA x ICSV 712, SI'SFR 94001 A x 

lCSV88088,S11SFK 94001A x ICSV 89015, SPSFK 9403IA xlCSV 88O88,SI'SPH 94002A x ICSK 93011, 

SPSFR94003A xICSR93011,SI'SFR94(lOlA xlCSR93031,SI'SFK9JO01A xlCSK 93011, SPSFH 94001A 

xICSR93009,SI'SPR940OIA xICSK93010, SI'SFR 9 4 O A  x ICSR 93031,SPSFK 9403IA x ICSK 93111 l 

(developed on rainy seaaun.bred resiitant fenvale parent), SPSFPR 94002A x ICSV 712, SI'SFPK 9411112A 

x ICSV 88088, SPSFPR 94002A x ICSV 89015, SI'SFPR 94007A x ICSV 88088, SPSFI'K 94007A x ICSV 

89030, SI'SFPR 94002A X ICSH 90002, SPSFPH 9400lA x ICSH 93031,SPSFPR 94002A xICSR 93031, 

SPSFPK94002A xlCSK 93011, SPSFPR 940OSA x ICSR 93010,SPSFPK 94007A x ICSR 93031, SI'SFI'K 

94007A x ICSR 93011, SI'SFPR 94007A x ICSK 93009, SPSFI'K 94007A x ICSR 93010 (devetuped on 

pestrainy season.bred re.irlant female parent), ICSA 20 x ICSV 712, ICSA 20 x ICSV 88088, ICSA 20 x 

ICSV 89076, ICSA Ill x ICSK 93031, ICSA 20 x ICSK 93011 and ICSA 20 x ICSK 9311119 (developed on 

susceptible bred female parenu (Table7). 

Among parents the duration 01nODOdnysf0r 50% flowering in both the environments during rainy 

season was recorded in only SPSFPR 940076 (postrainy season-bred resistant female parent). SPSFPK 

94001A, SPSFPR 94007A (postrainy season.bred resbtant female parents), ICSV 88088 (resistant bred 

raturer line], ICSR 93031 and ICSR 93011 (postrainy season-adapted landraces) recorded 580.00 days to 

50% flowering in both the environments during postrainy season (Table 7). 

The raislant check, ICSV 7OSD rmrdedz70M days for 50% flowering during rainy season in both 

theen!imnrnents (EIK and EIIK),and ICSV 7058 and M 35.1 (resistant checks1 t w k  B0.00 days to 30% 



flowering in both the environments (EIR and EIIR) during pattrainy seda~n. 

Thus, the period for 50% flowering was more during postrainy seasun eompsred 111 the rainy season 

and the hybrids involving susceplible parents were late cumpsred ts the otl~ers I'ilrticulariy tlhe Ihybrids 

involving postrainy season.udapted Imdraces us male parents were much curlier compared 111 ~~IIlers. 

4.2.12 Plant H e i g h l  

Dierences among genotypes for plant heiglht were si~nificant (P=O.O5) both in rainy and postrainy 

sawn (Table7). I n  rainy seawn, plant lheiglht of the lhybrids ranged from 0.87 .2.58 m (EIKI and hum 0.97 

. 2.53 m (EIIK) during rainy sensnn and between 0.83.1.97 m (EIR) and between 0.90.2.32 m (EIIH) 

d u r i n ~  postrainy w w n ,  l'l~emenn plnnt Iheiglht for EIK, EUK, EIR and El lR were 1.62,1.73, 1.39 ;and 1.46 

m respectively. 

During rainy season the mean plant lheiglhtof~.OO m in both the environments (EIK and EIIK) was 

observed among the hybrids,SI'SFR Y4OO2A x ICSR 93031, SPSFR 940112A x ICSR 93009, SPSFR 94003A 

xlCSR 9331,SPSFR94003A xlCSKY3010,SI'SFR 94001A xlCSR93031,SPSFK 94001A x lCSR 930011, 

SPSFR 9400lA x ICSR 93009, SPSFR Y40OlA xlCSR 93010,SPSFR 94031A x ICSH 93031, SPSFR Y4031A 

x ICSR 93011, SPSFR 94031A x 93009, SPSFK 94031A x ICSR 93010 (develh~ped on rainy sens~hn-bred 

ruban t  femaleparent),SPSFPR 94001A x ICSR 93011, SPSFPR 94001A xlCSK 93010, SPSFPR 94002A 

x ICSR 93011, SPSFPR 94002A x ICSR 93009, SPSFPR 94002A x ICSR 93010, SPSFPR 94005A x ICSR 

93031,SPSFPR 94005A ~93009, SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFPR 

9 4 W A  x9Mll,SPSFPR94007A ~93009, SPSFPR 94007A x ICSR 93010 (developed on postrainy season. 

bred rat iant  femakparent),ICSA 89001 x ICSR 93011, ICSA 89001 ~93010, ICSA 89004 xICSR 93010, 

ICSA 90002 x ICSR 93031, ICSA 90002 x lCSR 93009 and ICSA 90002 x ICSR 93010 (developed on 

susceptible bred Amale parent). 
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Durinppmtrdiny s a w n ,  themean plant Iheigllt uf21.75 m In both the envlrlrnmenb (EIK and EllKl 

w n b w r v e d a m o n ~  hyhribr,SPbFK 9QW3A xlCSH 93011, SPbFK 94003A x ICSK 93010, hl'bFK 940fllA 

xICSR93011,SPSFHYIOlA xlCSK93010,SPbFR 94031A xlCbR 93031, bl'bFK 94031A x lCbH Y30I0 

(developed on rainy seawn.bred rfsbtant female parent), SPSFPH Y400IA x lCbK 93031, bPbFPK Y4005A 

xlCSR 93011,SI'SFPR Y400SA x ICSK 93009, bl'bFI'R 94005A x lCbR 93010, bPSPI'K 94007A x lCbK 

93031, SPSFPK 94007A x ICblt 93009, bPSFPK 941102A x 1CbIt Y0002, bPbFPH Y4002A x ICbR 93010 

(develupedon postrainy se.lnm-bred re\~$t.lnt femnlepdrent).lChk 89001 x lLbH Y3010dndlCbA 890114 

x ICSK 93010 (developed on ru,teptlhle bred fenlrle parent) I Iable 7) 

Among pdrenb, unl) lCSlt 93010 (po\triliny reglaon-addpted I.indr.~teI %bowed 22.00 n1 In but11 the 

envsonmenb(EIKilndFJK)dur~ng ralny aeaaon. lCbR 93010 recorded 21.75 m plant l~e~gll t  In but11 the 

envlronmenb durtny postratny s e a m  Clable 71. 

The reshtant checha,l+ 18551 dnd M 35.1 retorded g.00 m durlnl: ralny *erron, tI111ugl1 none of 

tbae recorded~l.15 m durlng poatramy mron.  (;enorally the plant i ~ e ~ g l i h  nere more durlnl: ralny se'irnn 

than pmtrdiny s e a m  and the hybr~ds lnvolvlng ps,lr~llny senron.dddpted Idndrace? a\ n1.11e pdrentr were 

taller compared to others. 

4.3 CORRELATIONS BETWEEN VARIOUS CHARAC'I'ERS 

The assoeintions between shoot fly mittdnce m d  11s wmponenb, and the conlponenls then~+elver were 

computed In term9 of phenotypic correlation coeAclenlr among the hybrids and parenh for IS aeletled 

varlablu in rainy (EIK) und postratny (E lk )  seaaona. The reaulb are presented In Table 8. 

4 . 1  Early Seedling Viguur 

Among the hybrid,, early seedling viRour w a  siplflcnntly and positively correlated with glosineu, 

I'leaf lenplh,Sblealwidth, S1 ' l ea1d raop ln~  uniformity in recovery and plant height both in rainy and 



postrainy seasons. Smdhg vigour w u  slgnlilCantly and positively corrclatcd with trlchomc dcnrity in rainy 

scaon. Significant negative cormlalions among hybrlds were obrcncd bchvccn this trait and dcadhcart 

percentage, total tlllcrs and days to 50% flowering (both in rainy and postrainy seasons), egg count and 

gic~d.I (only in rainy rearon), and productive tillers (only In portrainy reason) (Tabic 8). 

Amongpamnls, signiflcsnt poritive correlations rvem obscrvcd behvcen scedling vigour and uniformity 

in ncovcq,5'lcaflen~h,5" Icaf droopinerr and plant height (both in rainy and postrainy scasonr),and 5" 

lcafddth (only In postrainy seaaon),whcreas significant negative eormlations rvcre cxhlblted bchvccn this 

trait and productive tillers (only in postrainy reason) (Table 8). 

The cormlation bctween early reedling vigour and productive tillers was in tho samc d~rection in both 

parcnts and hybrldr. Thc magnitude of association (r') was more in poatrainy reason (51 tlmes in CRIE of 

parents and 39 timer in case ofhybridr) than in rainy season. 

4.3.2 Glossiness 

I n  the hybrids, glossiness was posltirely correlated with 5th leaf Icngth, 5th leaf drooplncss, trichome 

density, uniformity in recovery and plant height (both in rainy and postrainy seasons), and 5th leafwidth 

(only in rainy seuon). Signlilcant negative curmiations were obrcned with egg count, dcadhcart percentage, 

totaltlllen (both in rainy and portrainy sonsons), yhld-IN, yhld-I and days to 50% flowering (only In rainy 

waron) and pmductivc tillers (only in postrainy seuon) (Table 8). 

Amnngthepamnb,rignlilcnnt poritlve cormiatlona wem observed wlth uniformity in recovcry (both in 

rplny nndpwtrniny reuonr), and trichome density, SUIcaf length, 5' leafwidth, 5" lcnf dmopiners (only in 

rainy seaon). Signilkant negative currelations were obaewed with egg count, deadhead pcnentage (in rainy 

and postrainy seuons), and total tUlers, yield-UNI and yhld.1 (only in postralny season) (Table 8). 

I h e  magnltude ofurociation between gloaainesr and 5" Icaf width, yield-UM and yleid-I varied gmatly 

for both prrcnlr m d  hybrlds In rniny and portrainy sruons. For SUbdwidth the magnitude of aaocintlon 



(r? W B  times more in case of parenb and I 2  tinhw in ciae of lhybrids during rainy sensun; Rtr yield-UNI, 

21 limes more in ~ o f p a r ~ n t . s d u r i n x  postrainy season and 7 times in e;ase of hybrids during r;~iny seihsihn, 

and for yield4 5 times morein rnseof parents during pvstri~iny season and 20 times mere in hybrids during 

rainy season. 

4.3.3 Egg Count 

Amongtlhe hybrids,qgcount wasstrongly and positively correlated with deihdlheart percmtuge, totul 

tillers (both in rainy and postrainy seisonsl, productive tillers, days to 50% llswerine lonly in postrniny 

senson), yield-UNI and yield4 (only in rainy seasun), while significant negative c~~rrelihlions were observed 

between this trait and tricbome density, 5'"esf length, $'"leaf drnopiness ihnd unihrmity in recovery (in 

rainy and poatrainy seasons), 5'"eaf width and plant Leigllt (only in postrainy season). 

For parents, significsnt positive eurrelutions were observed between this trail and deudi~eihrl 

percentage, total tillers (both in rainy and postrniny seasons), yield-UNI and yield4 (only in pvslrihiny 

sewn). Egg count wa,significanlly and nqatively m r r l t e d  with unin~rmity in recovery lboth in r ~ i n y  and 

postrainy seasensl, and leal lenytlh, 5" leaf width and S'Veaf drnupineaa lonly in rainy season) and 

trichome density (only in postrainy season) (Table 81. 

Themaximum variation in the map ihde of as?ociation (r') was found with 5'h leuf width, yield.UN1 

and yield.1. Far S'loafwidtl~ ?wus 17 times mare in Cweof parents in rainy season rind 2 times mure in ease 

of hybrids during postrainy season; for yield-UNI, 4 times more in case of parents in postrainy season and 

6 times in cast of hybridsin rainy season,andfor yield.1, S times more in case of paren15 in pastrainy season 

and 10 limes in case of hybrids in rainy season. 

4.3.4 Trichome Density 

In  the hybrids, this trail was strongly and positively correlaled with 5" leaf length, 5* leaf width, SSh 

lear droopinw (only in rainy season1 and uniformity in recovery and plnnt height (both in rainy and 



platrainy seasons). Trichomedensity was nqntively mrrelilted with total tillers (both in rainy and postrainy 

seasons) and yield.UN1 and yield4 (only In rniny season) (Table 8). 

I n  tile parents, trichomedensity wassipnifrJntly and pasitively arrrriated with uniformity in recovery 

(both in rainy nnd postrniny seasons). Significant negative correlations were observed with total tillers, 

yield.1 (only in postrainy soasonl and yield.UNl (only in rniny souson) for parents (Table 8). 

The magnitude of association varied #really between trichllme density and yield.UN1, y ield.1. For 

yield.UN1, in case of parents r'was 2 times and in case of hybrids 484 tinles more during rainy season, ilnd 

for yield.1, in case of parents 11 t ime more during postrainy season and 2 times more in case nf l~ybrids 

during rainy season. 

4.3.5 Deadheart 90 

Dendhenrt percentage is iln apparent indicator for s l~o$~t  tly susceptibility and it was correlated with 

other trails. For the hybrids, strung positive correlations were observed with total tillers and days to 50% 

flowering (in rainy and postrainy seasons) and yield4 (only in rainy seaam). Significant negative correl~tions 

were noticed with trichome density, 5'Veaf length, 5" leaf width, 5'' leaf droopiness, uniformity in recovery 

and plant height (both in rainy and postrniny seasons) (Table 8). 

During postrainy season, only total tillers and yield.1 recorded signiRcant positive correlations with 

this trait forparents. Sinificanl negative correlations were observed with trichonle density and uniformity 

in recovery (both in rainy and postrainy seasons), 5" leaf Ienpth, 5'"eaf width and 5" leaf droopines (in 

rainy w n  only). I n  postrainy season, correlation coemcients for 5" leaf lengtll, 5'' leaf width and S'h leaf 

droopinw were not signitkant among parents but thee were in the same direction to rainy season 

correlations (Table 8). 

The mapnitudeofmiotion varied greatly between deadlleart I and yield-1 I.%, in case of parents, 



r l  was I7 times more during pastrainy seuon and in case of lhybrids 4 times mmltre during rainy season. 

4.3.6 5'vI,eaf Length 

'This trait w:tistrongly and pasitively correlated wit11 5'"eaf width, 5'Veafdr~1piners, uniti~rn~ity in 

recovery and piantlieipl~t for but11 parenbnnd hybrids in rainy and postrsiny sensuns. Significant negl~tive 

c~~rrelations were ubarved Sor llybrids with total tillers, days to 50% flowerin)! lbutll in rainy and poslrt~iny 

swns),productivetillers(inpuctrainy season), and yield.UN1 and yield4 (unly in rainy sewunl ITnbleX). 

4.3.7 S1%eaf W i d t h  

Highly significant and pusitive correlations were nuticed anion)! ihybrids Sor 5'VeaS druspines~, 

uniformity in recovery and plant heipllt (in rainy and pustrainy seusensl, whereas 5'"eaf width aia 

ngntively correluted with tohi tillers and days to 50% llowerinl: ibotll in rainy and pestrain) seasunsl and 

yietd.UNl (in rsiny season uniy) (Table 81. 

The resulb ofcorrelations among parenu indicated that thib trait wus positively correlated wit11 S* 

leaf droupiness (in rainy and postrainy seasons), uniformity in recovery (only in rainy seasunl, and plnnt 

height (in pa$trainy smn) .  Significant negative correlations wilil this trait fur parenb were obrerbed only 

in rainy season with yield-UNI and yield4 (Table 8). 

4.3.8 S1%eaf Droopiness 

No significant correlations were observed for hybrids with thb trait both in rainy and postrainy 

seasons. Significant positive correhtion with plant height was observed for parenu both in rainy and 

postrainy seasons and with unltormity in recovery only in rainy season (Table 8). 







4.3.9 Uniformity in Recovery 

During rainy season, no significant correlations were nbserved with llhk trait R I ~  bot l~ hybrids and 

parents. I n  postrdiny season, significant positive currelatiens were observed between this trait and yield-l 

and plant height VII~ hybrids). UniLrmity in recovery was significant rind negatively csrreldted witih totill 

tillers and productive tillers (for both hybrids innd p;~rent,l, days to 511% tlowering (only in I~ybridq) ihnd 

yield4 (only for p'drents) (Table 81. 

Themaynitude of nuecintirn lr' l varied greatly wit11 l~l tal  tillers and productive tilierr. I t  wns more 

during post.rainy season (for total tiliera.6 tinies in parentr ilnd 2 tinies in hybrid,; tilr pruductive tillera. 

3 times in parenh and 1600 tima in Ihybridsl cnmpdred to rainy seilwn. 

4.3.10 Total Tillers 

Significant na~ative cnrreintiun ivar nbserved will1 plant I~eifilit lfirr hybrids) during rainy and 

postrainy seasons. Iluring postrainy season, significi~nt pe,iti,e crrrelilti~lns were noticed b r  productive 

tillers (fur hybrids and parents), days lo 50% tlswering lonly for ihyl~ridsl and yield4 lonly for parenthi 

(Table 81. 

l \e mqnitudeofaswiation (r'l varied greatly with productive tillers and war more 19 times in ruse 

of parents and 34 times in case of hybrids) during postrainy season compared to rainy season. 

4.3.1 1 Productive Tillers 

Among the hybri&,signilieant pcsitive correlations were noticed for ykld-UNI (only in rainy season) 

and days to 50% flawtrlng (only in pastrainy season). For parents slenlncant nqalive correlation was 



observed between this trait and yield.UNI (only in rainy sewon), whereas it was in the same directinn but 

non signilicant during postrainy season (Table 8). 

Themagnitudeof ussocintilm (r'l variedgreatly wit11 yield.UNI and was more (5 times in parents and 

13 t imu in I~ybrids) during ralny season compnred to postrainy season. 

4.3.12 Yield (UNI) 

Among tlle hybrids, signifirant positive correlatinns were observed between thir trait and yield4 (in 

rainy and postrainy seams) and p h t  lheight (only in postrainy season), whereas plant lleight (only in rainy 

sewn) and days 111 50% flowering (only in p ~ ~ l r a i n y  season) slloaed signilicant negative correl;~tion with 

thb trait during rainy s m .  Among parents, significant positive Correlation was nntiued for yield.1 durinl: 

postrainy season (l'able81. 

4.3.13 Yield (I) 

Among hybrids, yield4 was negatively correlated with plant Ileipl~t ionl) in ralny season) and days 

to50% flowering (only in postrainy season), ahiie the relationship of plant heiyllt with y ie1d.l was in opposite 

dircetion during postrainy season (only L r  hybrids). Among parents the estimates were small in n~apnitude 

(Table 8). 

4.3.14 Plnnt Height 

plant heipltt was negatively correlated with days to 50% tloweriny durinl both rainy and pastrainy 

seasons (only for Ilybrids). I n  rapectofparents the estimates were small in magnitude (Table 8). 



4.4 INHERITANCE OF CHARAC'PERS IN VARIOUS HYBRID AND PARENT 

(;ROUPS 

Nheproupsofhybrids obtained by craning three groups of cms lines [rainy seasombred resistant 

cms lines (RBR cms), postrainy season.bred rsictant ems lines (PRDR cms) and rainy season-bred 

susceptible bes  (Sil cms)l and tl~reegroupsofrestorer LinesIresistant bred restorers (RiIKl, susceptible high 

yielding restorer* (SDRI and postminy season-adapted landraces (PRLK)) were examined to elicit 

information on the type(s1 of cresses needed to obtain shoot fly resbtant hybrids in diflerent reasons. 

Examination ofdata for 1: (genotype) x E (environment) interaction showed significant (P=0.011 (:xE 

interactions for various trails particularly deadhearg. Since invatigation into such significant interactions, 

indicate the need to treat the experiments conducted in diflerent situations separately for meaningful 

interpretation, invtit@ati~~ns toenrioge (; xE interactiun is not the objective of the present study, and these 

are not presented here in greater details. 'n~erefore, the gruup means are presented for each season and 

experiment !rainy swm-nnlursl (EIK) ,  rainy season.artificial (EIIK), poslrainy seuson.natural (EiRI and 

pastrainy season.artificial IE I1 R) envir~~nmentsl separately in Tables 9 -11. 

4.4.1 Seedling Vigour 

i n  gmeral,&by vigour was low in postrainy season compared to the rainy season, was the least 

(5.30) i n  the late planted postrainy stdson (EIIR) when there was low temperature during the early crop 

growth. ThLs tendency did not exbt in all the parental ilnes and hybrid groups uniLrmly. Among the 

partnlal line groups, the susceptible (SDR and SB ems) parental lines and their hybrid groups showed 

markedly pmr v k w r  than any other groups of parental linesand hybrids in the late sown pastrainy sewon 

experiment (EiIR). 

~ngen t ra l ,d l i ng  vigour was low when susceptible parents were used as one ofthe parents in  the 

hybrtdp acma~  fwr exprimen&. Unlike t h e w p t i b k  parontll line groups (SB C M  and SBRI, the other 

w&nt parrn,,,lgmuw s , " ~  cmJ pRnR cms bred for shwt fly r a k t a n n  behaved uniformly acres 
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Figure 1, Mean early seedling vigour of parents and their hybrid groups(a) Rainy 
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 



all seasons. Similarly RRK and PRLR nbn behaved uniformly. Among all lines, IIRI.K group has the 

h i iha t  vigour aCrOSsall experimenb. As a result, their hybrid groups (KBR ems x PKLK and PRBK cms 

x PRLR)shOwed ~um~riCnlly Iligller vigllur compared will1 the hybrid groups (RUR cms x RBK and PRBK 

x RBRI which involved bred restorers (Table 9; Fip.1). 

Furtller exnmination Of susceptible x rabt l lnt  and their reciprocnl lhybrid groups (SR cms x RBR, 

SB cms x PRLR, RDR ems x SUR and I'RBR cms x SDRI in relation to their parenlal groups for seedling 

vigour in the late planted experiment(F.IIR) showed that low vignur was dominanl over hill1 seedling vigour 

in  low temperature conditions. 

Expression ofglasciness war more in rainy season than in postrainy season. This tendency was nut 

related to breeding histury of the materials. I n  other wnrds, there was nu clear paltern among resblanl 

parental line (RBK ems, PKBR cnls and KBR) and susceptible parenlaliine (SO cmh and SOKl groups. I n  

other word3,season specilic breeding hnd no ePct on glossiness as boll! KllR c m  and PRBK cms parental 

line groups behaved simhrly in both lllesenrans. Asexpected the two resistant groups, RUR cms and PRBR 

ems among the female lines, and KBK and PRLR among the resturers had the highest glossines, and tile 

other Wowept ib le groups (SD cmsand SBK) hnd the lowat glossiness. I n  other words selection for shoo1 

fly rristance based on deadheart damage had indirect effcct on selection for glossineu9. Further PRLR 

parental linegroup,ahich werenol bredspeeitically, but selected by farmers, sllosed Ilighat glossiness like 

any other bred lines (Table 9; Fig.2). 

The hybrid groups involving both parent proups with +?lossinest (RBK ems x RBR, PRBR cms x 

RBR, RBR cms x PRLR and PRBR cms x PRLR) were extremely glossy. On the olher hand, the other 

g r o u p  of hybrids which involved glossy (RBR ems, PRBR ems and PRLR) and non-glossy (SR ems and 

SDR) parent orbnth non.glwy parentgmup WnnU non%?lwy irrespeeli~e of the seasons. Thls indicated 

that non-plwy trai l  was dominanl and the trait exprwion was stable across theseason (Table 9111. 
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Figure 2. Mean glossy score of parents and their hybrid groups (a) Rainy 
season (EIK) (b) postrainy season (EIR) (c) Mean of two seasons 



TnM* 9s: (kno mcllon IOI mn-plo&tlwu In vsrlou* hybrid grullpr 

(inlup Sewon P, P, H id  p u r ~ ~ ~ l a l  Hybrid l i rnout l lo~t lor 

Value non.sloulnw 

RBR car a RRR R 1.00 1.41 1.11 1.66 Uun~lnvnl 

PR 1 3 1  1.75 1.57 1.51 Orrrdnn~inunl 

RBR CIIISX RHR R 1.00 6.91 4.49 5.65 Dua~lnunr 

PR 138 7.38 5.13 6.79 IIO~~IIIYIII 

RBR cnlrxPRLR R 1.00 3.04 5 1.28 Purllrlly dolnlnunl 

PR 131  1.83 1.11 3,OP I l o ~ ~ ~ l n ~ n l  

PRnRcnux RBR R 2.71 1.48 1.60 3.11 l ~ ~ ~ r d ~ , l n l t l i l i ~ t  

PR 3.54 1.75 3.15 3.17 IIUIIIIIIYIII 

PRBR r!nrrSDR R 1 7  6 8  4.85 6.18 V i ~ ~ r i a u ~ ~ I  

PR 354 7.81 1.71 5.99 Yvrllillly O~ l~~ iou t t f  

PRBRrnlrrYRLR R 7 0 1.81 1.84 Ilun>lnuul 

PR 354 I d 3  1.69 1.87 D~n> lndd  

SB cma x RllR R 6.56 1.48 4.51 6.10 Dnmln~nl 

PR 1.61 1.75 5.11 7.49 Uunllllnltl 

SB c n u r s n ~  R 6.56 6.98 6.77 7.01 O Y C ~ ~ ~ ~ I ~ I I ~ , Y ~ ~ I  

PR 767 7 8  7.71 R.20 l l ~ ~ ~ d ~ ~ ~ ~ ~ l n ~ l ~ l  

SH r n ~ x x  PRLR R 6.16 3.01 4.80 5.93 

PR 7.67 1.83 475 6.81 I Iun>ln~nl 

P,. Purcnl I; PI= Yarrnl1; R= Rdny setson: PR: I'u<lrrlny rnaon 

4.4.3 Egg Count 

Inpeneml ,  number  o f ~ s p l p n t l  wscmore  in rainy W n  than  i n  pur l ra iny  seuson. Thii m a y  b e  due  

t o l o w  p s t l o a d  in Ihepmt ra iny  s e w n  than  in the rainy season. B o t h  b r e d  ( R B R  am$, P R l l R  cms a n d  K I I R I  

and the  fa rmer  selected ( P R L R )  resistant paren ta l  l i ne  g roups  showed leas1 egg c u u n l  i rrespect ive o f  the 

m n  w h e n  compared  w i t h  the susceptible paren t  g roups  (SBR cms a n d  SBR). H i a h  e#y, coun t  appeared 

t o  b e  d o m i n a n t  over  least counl,  with the result, h y b r i d s  invo lv lng  b o l h  the  resistant paren lv  ( R B R  cmr ,  

P R D R  ems, R B R ,  and P R L R )  on ly  showed least coun t  wh i le  a l l  o ther  combinat ion8 ( S B  cms x R D R ,  R B R  

ems x SBR, P R B R  cms x SBR, S B  ems x SBR,  S B  cms x P R L R )  suppor ted  h i g h  egg  coun t  i rrespect ive o f  

season l tempera tu re  (Table 9; Fig.3). In o ther  words, h i g h  egg  coun t  Pa t te rn  fol lowed non.glossy p a t t e r n  

a c r w  all seasons. 
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4.4.4 Deadhearl % 

Deadheart % ranged from 51.91 to 88.61 among all proups of I~ybrids, parental lines und contr~~lr  

(Tableg). Ofall thepdrentnl l i e a n d  mntrol Eraups, ruiny seaa~n.bred resbtunl cnls lines (HllH cnisl lhud 

least deadheart % (51.911 and performed well in all the fnur environmenLs, followed by resistiant cllerks 

(58.74). Interestinlly both portrdiny seuson.ndupted lines (I'HUK rms and 1'Hl.H) had lower dcildlledrt % 

only in pmtrainy sawn and in rainy season they were inferior 11, the rainy sedson.bred resbtunt cnls lines 

(RDR ems) (Table 9; Fig.4). 

Among hybrids, RBR mu x PRLH recorded least deudlleart % 167841 Idlt~wrd by PRllP vma x 1'KI.H 

group (6955). The h'@hestdeadlleurt % snsrecorded in SII ems x SDR group l86.RRl. Cnmp;~rntively e law 

deadheart % was recorded in all the hybrid graupr involving resistant female and mule lines. Use uf 

susceptible lines either as female ur male incredsed the level ofdeadheurLs and the deadheart 90 in these 

hybrids were cumparable with tllatofsusceplibie x su~ceptible crussw (SII cms x SIIRI. Thb suggested thst 

resistance to shoot fly as measured by deudheurt dumage wus recessive and but11 the parenb lhve 11, be 

resistant in order to have resistunt hybrids. Further, the deudheurt % was high in tilose lhybridr where 

susceptible line lroups were used us female purents tllun as pollen parent in combinutiun with reshtant 

parent groups. 

Deadheart % was low in hybrid groups Laving rainy season resistant line as female and rabtunl/ 

landraces as pollen parent in both rainy and postrainy seasons. However, the crusses involving pastrainy 

season bred resislsnt lines (PRBR ems) as female parents had high level of resistance only in postrulny 

Kason. On theother hnnd, useoflandraeer(PRLR) as plrllen parent wilh susceptible female parenl did not 

increase the level of resktance level in the hybrid either In rainy or pontrainy season. Rut use of landraces 

as pollen parent with rainy1 postrainy season bred resistant linesas females had high deadhesrt % in rainy 

season and markedly low deadheart % In portrainy season. 

In-involvinl either RDR cmsor PRDR C m  as one of the parenlsl lines the susceptibility was 

int,rmdintd partially domlnanli dominant, even though the male parent was susceptible bred restorer 

group (SBR) (Table 9bl. Interestingly, the CrDJsa involving the sweptible bred e m  bmales (SII c ~ l  
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Figure 4. Mean deadhead (%) of parents and their hybrid groups (a) Ralny season 
(EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 



showed dominan t /  o v e r d o m i n i ~ n l  l o r  suscepl ibi l i ly even thuuph  t11e nl;~lr paren t  was r s i % t a n l  b r e d  lines. 

Thus, it Clearly h d i i l f s l l l a l  l a  h d v e r e n b n t  hybr ids  b o t l i  ma le  a n d  fenlale p u r e n U s h u u l d  b e  r e % b t u n l  und 

t h a t  the  suscepl ibi l i ly is inf luenced b y  the female parent.  

.- . .. .~ 
l ' r o u  ElRl El lR 1'1 V1 \!Id Parc811 YXIUC ~ y b r l d  ~ k ~ c a c t I ~ ~ t \  lzur ~ u ~ ~ ~ ~ ~ t l h l l l ~ y  

RRRm!lxSRR EIR 16.40 11.11 44.30 50.91 l ~ ~ r l l u l l ~ d ~ ~ t ~ ~ l ~ u r ~ ~  

El lR 57.95 81.03 59.49 78.11 lhlntlt>vnl 

R B R r s r x R l l R  EIR 16.40 18.79 11.60 Sl.16 I h l ~ ~ ~ l n u n l I O v r r d a ~ ~ l l t ~ r l ~ l  

EllR 37.95 II.79 44.17 62.70 I h ~ n ~ l ~ s n l l l l v c r d ~ ~ n ~ l n n n t  

RDR cnux PRLR EIK 16.40 17.81 11.11 36.98 Ilonbin~nl 

El lR 37.15 52.89 43.41 65.41 I I O ~ ~ ~ ~ ~ U D I I O ~ P ~ ~ ~ I I I I I I I I ~ I  

PRORrmrxSBR EIR 3809 71.17 11.13 51.93 Inlcrnlldiutr. 

EIIR 10.16 81.03 65.65 69.41 I'urtlully dofllllu!~l 

PRBR c n n r  RBR EIR 38.09 18.79 33.34 43-35 I l ~ ~ ~ ~ ~ l l a t l l i I l v ~ t d d d d ~ ~ I ~ ~ d ~ ~ !  

El lR 50.16 1l.iP 51.03 63.II I)umlnuntll)*vrd~~nnlw~n1 

PRDR P ~ U  xPRLR EIR 38.09 17.81 31.95 37.11 P ~ t l l ~ l l y  dnnl lnv~~l 

m1R SD.16 51.89 31.58 67.5 l l o n ~ l # ~ u n l l I ) ~ ~ r d ~ ~ ~ ~ ~ i o v ~ ~ ~ !  

SDentr x RHR EIR 64.75 18.79 46.77 61.44 I)o!tllnulll 

El lR 76.40 51.19 64.10 16.10 U o n l l n u n U l I v o r d ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~  

SDcn~axPRLR EIR 64.15 17.8l 46.21 65.40 llanllnvnl 

EIIR 16.40 51.89 64.65 84.11 Ihl>nln~nU Ilverdu~~llnul!l 

SDenlr xSBR EIR 61.15 72.11 61.46 71.18 Parlinlly dunllnunl 

E l lR  16.40 11.03 18.71 8531 t~nn~ lnmUO~t rdun~ l l l vn l  

~. 

EIR . postrslny n s t u r ~ l c n ~ l r ~ n n ~ ~ n t i  EIIR R Po*tralny a r ~ l f l ~ l ~ ~ ~ ~ ~ l r o ~ n ~ c ~ ~ :  P, . Pxrcnt I: P,: paron! 1 

4.4.5 Trichome Density 

m e r e  was  p clear environmenlab'sea~on effect o n  the  expression o f  t r i uhome density a n d  i t  was 

var iabkdcpend ingon  thegenolypegmups. In general, l r i chome density was lower  in pos t ra iny  season t h a n  

in t h e  r a l n y  sensun. This reduc t ion  in density in p o ~ t r a i n y  S e w n  was con t r ibu ted  paf i inr lnr ly b y  t h e  

s u r c p n b k a l i n e s ( S B  cw) ,suscep l ib le  restorer l ines (S t i l t ) ,  susceptible c o n t r o b  ICSH.9, I C S V  112  and 

2968) a n d  t h e  rsbunl r a i n y  anson-b red  ems l i n a ( R B R  ems). In the susceptible con t rub ,  m e o n  density 

was  41.91 in the  r a i n y  r w n  wh i le  i t  was 138 in the  pos l ru iny  XaSOn. S im i la r l y  the  r u l n y  seirwn.bred 



rcrlrtnnt cms llncsaupportcd 62.38 tdchoma In the rainy rcason,whilc thorc war only 41.54 i n  thc portralny 

scuon. On  theotherhand, i t  !tar rcvcnc in thc portrainy rcaron-brcd rcahtant cmr lincs which supporlcd 

101~ dcnsity (29.40) In the rainy roaron, and high dcnslty (56.18) i n  thc portrainy scaron. Thir clcarly 

rhmvcd that thc scson-speelflc sclrrtion had profound c ~ c c t  on thc trichomc dcnrlty. As cxpcctcd, thc brcd 

rcrlstantnatorcr Una (RBR)wcrcrtabic acmar thcscsons ar thcy wcrc sclcctcd altcrnativcly in  both rainy 

and portralny seasons. Contrary to the cxpcctstion,thc postrriny acason.adnptcd landraccs did not show 

any scasan spcclflcity and thcy wcrc stablc acmrr both thc acsonr (Table 9; Fig.3). 

Scnson rpeelk l ty  l o r  trkhomc dcnrity r s J  nlro rcnccted in the hybrids o f  poslmlny acaron-bmd 

rcslstant ems (PRBRcmr) Uner. Ammpnrison ofhybridr ofPRBRcms x RBR with RBR cmr x RBR; PRBR 

cmr xSBRwith RBR cmr x SBR; and PRBR cmr x PRLR with RBRcms x PRLR ahowcd Ihat thc hybrids 

mado from PRBR cms lines had high dcnrity than thc h)brids madc from the othcr groups in postrain). 

Thc hybrids of low density pnrcntr (SB ems and SBR) had low dcnslty and hybrids of high dcn~l ty  

parents (RBR cmr, PRBR cma, RBR and PRLR) had high dcnslty (Plate. 2dr3). For thc hjbrida of low 

dcnrlty x high dcnslty or high dcnrity x low dcnrity groups, thc cxplanatlon for gcne action is givcn below 

Thbls 90: Cine adon lor low Id lome de~ l l y  L n v d o u  hybdd groups 

Trlrhomr d e ~ l v  (m') 

Croutyp W o n  01.1 adlm 01 
Q, Q, blld pacent *due Illbdd Imdmml@ 

RBRnnrxSBR R 

PR 

QRBRcmsSBR R 
QR 

S P I M I R B R  R 

PR 

S B S c m t  PRLR R 
QR 
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01 - RBR m e  (PI), RBR (FZ). RBRcme xRBR (HJ 

Gz - PRBRcms (Pi), RBR (R). PRBRcms x RBR IHJ 

03 9 SBcms (PI), RBR (PZ), SB c m l x  RBR (HJ 

04. RBRcma (PI), 88R ( e l ,  RBRcmsxSBR (I$ 

08 - PRBR cme (Pi). BBR IR). PRBR cms x SBR (HJ 

0s- SBem(PI) ,SBR(R) .SBcm,xSBR(~ 

07 - RBRcme (PI), PRLR (R1, RBRcrn~x PRLR (HJ 

08 = PRBRcme (Pi), PRLR (FZ), PRBRcmsx PRLR ( 

GO - SBcme (PI), PRLR I R ) ,  SB cms x PRLR (Hi 

Check# - Reelem (91. SusuptlMe (9) 

Groups of genotypes 
2 

Figure 5. Mean Trichome density (mm ) in parents and their hybrid groups(a) Rainy 
season (EIK) (b) Postrainy Season (EIR) (c) Mean of two seasons 



Plate 2: Trichomes on abaxial sultace of 

(a) SPSFR 94003A (RBR ems) 

(b) ICSV 712 (RBR) 

(C) ICSR 93031 (PRLR) 

(d) SPSFR 94003A x ICSV 712 (RBR crns x RBR) 

(e) SPSFR 94003A x ICSR 93031 (RBR cms x PRLR) 







I t  isevident bum the data that the exprosion of trichomes in the hybrids depended on the type 

ofparenb Involved, and accordingly the gene actlon d iered.  I f  the postrainy season.bred resistant ems lints were 

involved, trichomes exprenion in lhybrids was lower in the rainy season than in the pustruiny sensun; the result 

was that the hybrids were intermediate between the parents for trichome density. Further, when the rurceptible 

bred female l i na  had lens1 number of tricllnmes (8.71 in rainy and 1.28 in pcNtrainy seasons), rind the resistunl 

rotorer lines were moderate for tricbome density (69.84 in riliny and 70.19 in peatrainy seasons), the low density 

appeared to be dominant. I n  l~tller cum, llle low density appeared to he pitrtially dominant. Thus it appeared that 

the inheritanceof lricllomedensity was complex and it direred wilh the type of parents involved and with srasonr 

(Table PC). 

4.4.6 Leaf Paramcters 

ThedifTerences between the medns of rainy season trials IEIK and E l l K l  which were planted at 

llle same time were reflections or the period at \+ll ici~ the obsel~ations Here taken Iwitll u pap of6 days). On llle 

other hand,during partrainy season lhe lowet mwn growth ofEUR cnmpured to Ell( b;lr due tu lorv lemperstures 

during early crop growth of EIlR cnmpured to EIH which were planted at dilyeerant times. No particular pallern 

wasobservedon tl~eefffftsof I; x E  interaction olrerinpvariousgroups of malerials. 'rllerefnre, the interprelatinna 

were based on the averall means. 

4.4.6.1 5Ih Leaf Length 

Among the proupsofparental lines and checks, the postrainy ouson.adapted landraces (PRLKl 

had longest leaf length (28.25 cm) followed by resiritant controls (22.08 cml, resiritant bred restorers (21.07 cml. 

poslrainy season.bred resistant ems lines.PRBR cms (20.65 em) and rainy season.bred resistant cms.RBR ems 

119.69em). Thesusceptible parentalline groups bath male sterile (SB cms) and restorers (SBRJ had lheshortest 

leaf length (17.86 cm and 18.58 cm respectively) (Table 10; Flp.6). 

Among the hybrid groups, the hybrids of resistant females (RBR cms and PRnK cnlsl and the 

irndrncw (PHLH]. RIIR cms x PHLH (23.39 en)), PKBK ems x PKLK 123.08 cml had the Ionpat leaf lengll~. 
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Figure 6. Mean 5th leaf length of parents and their hybrids groups (a) Rainy 
season (EIK) (b) Postrainy Season (c) Mean of two seasons 



Clovly following t h e  Wre llle hybrids,RllR CmxRUR and I'HIIK cms x RUR which involved both the resislant 

femalesand mnleparentgmups(Table IO).Conridering the crusres uf parental groups with conttasting leaf lengtl~ 

(RUR cms x SUR, PRUR cms x SUR, Sn cnls x IIRI.R and Sll cnls x RBR), il was clear thal short leaf dominateh 

over the long leal asshuwn in Table 10a. 

-- 
l'row ?I Pa Mid Pvrrnt Valtiu Hyhrid licncvrl~o~>for *hurl Ikrl 

SBrn,r x YRLR 17.86 18.21 13.06 19.11 llollilnvnl 

Sltrn~sxHBR 17.86 11.07 19.41 11.68 Ilo~rl~~nnl 

PHDR rntaxSHH 20.65 18.58 19.62 18.09 tlomlnilnt 

RnRcnlcx RDR I1.nl 19.69 20.18 19,19 Llu~t~l~>dnl 

4.4.6.2 5"' Leaf Width 

Comparatively among the ~roups uf parental lines and checks, portrainy seasun.adapted 

bndr;~cti. PRLR had maxinium width (2.09 em) fullowed by rtiislant chefh(l.Rf cml, rainy svamn.bred reaislnnt 

cms lines. RDR cms (1.81 em), resislanl bred restorers RBH (1.80 cm) and susceptible controb (1.81 cm). 

Susceptible bredcms liner SU ems (1.66 cm) lhad thelowest width ofall parental IinepruupsITable 10; Fin.71. 

Among hybridgroups, RDR cnlsxPRLR had maximum width (1.06 em), and SU cms x RUR had 

the lowest widlh (1.73 em). However, the range among dimrent groups of parenlr and consequently among 

d'ieren~ hybrid groups was not large. The patterns being not consistent i t  was not possible tu infer the nature 

ofgene action (recwivddnminnncd partial dominance) olthe trait in the hybrid groups. 
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Figure 7. 5th Leaf width (cm) of parents and their hybrid groups (a) Rainy 
season (EIK) (b) postrainy season (EIR) (c) Mean of two seasons 



Lecldruapintsofthe ~uscepliblelineproups w;hs abu lkss than llhe rehisbnl line proupa nnd llle 

hybrid proupsinvolvinl W p t i b k  line CmupSabo l u d  Ion le:af druupinehs n~nhpared 111 ulhers ll'nlrle 91. A n ~ t ~ n g  

1I1e purenli~l lines and cl~ecks, pnslrainy sean~n.adnpled I:andraces II'HLRI I h ~ d  Ihiphnl droapinet$ I II.31 en11 

followed by rcSbIanl cheeks(10.63 cml. Dolh llae susceptible p;lrenlaliine pruups lS l l  cms ;and SilRl II;I~ l l ~ e  II,;I~I 

droepinesa 16.68 and 6.91cm) (Tuble 10; Pip.8). 

Uemparaliuely, among hybrid groups, higl~est drot~piness was measured in Kl lR cnlr x IIHI.U 

1ll.15 cml rollowed by PRUR cmsxPRLR lII.07 cml, Hybrid urnups involving susceptible linea (SII cnlr x RIIK, 

KllR cms x SDR, PRIIR ems x SBR and SII ems x SIIKt bald Ienhl drn~~piness IU.2J,X.40, US0 and 8.54 en1 

respectirely) I'lablePI. I n  all 11)brid proupr except I~III.;~ of HRR en;, x PHI.K, i'KiII< cnls x 11HI.K,511 clnr \ 

PKLH and SI1 ems x RUN, the drnhrpiness in ihybrids a;is p a l e r  tl~ihn llhe Ihiglheht p.lrenla ~ r o u p  indicrlinn obur 

doniinanee b r  drooplness, ~vlhile in elherr it nil% d~~minant  I1'1hlrlc I011 1. 

URRcm'r PRLR 

P R B R C I ~ > ~ ~ P R I R  

\Urn*r PRLR 

RBR mmr li RBR 

PRBR rlur IRDR 

rRsmtu r RRR 

R I R c n a x h B R  

P R B R c n u r s D R  

'B nn$ r bBR 
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Figure 8. 5th leaf droopiness (cm) of parents and their hybrid groups (a) Rainy 
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 



4.4.7 Unifumily in recuvery 

Unirurmily in recovery was more during lhe portntin) sa;lsan (E l k  nnd E l lK l  rontpared to l l l r  

rainy seasun (EIK and EIIKi.Amung parental iinegroups, the susceplillle line groups lS l l  cms und SIIH) Ih;~d Il!e 

lust uniformity in recovery (5.56 nnd 4.83) tllnn the raislanl line graupr. In long 1111 llybrid group.;, I'HIIK cnlr 

x I'RLK (1.791 and RUR cms r PK1.K 12.881 allurved IIIe hiphest unibrn~i t )  in rcro,ery cornp;~rrd 1s uti~er lhybrid 

groups. Among these two lhybrid groups, tlle rainy s?nrnn.bred resirlnnl tenulle line, imolved.hyl,rid group 

bhowed high uniformily in recuvery during rainy seasun I2.4X.EIK and 2.IS.EIIKI nnd the ptnlruiny aeawn-bred 

rsktant femalelines invnlved.hybrid group showed high unibrnlity i n  recovery during psrtr;lin) stason 12.711.EIK 

and 2.69.EIIRl. Wherever susceptible l int? were involved ISII cnlr and SIIH), Ille correrponding llybrid rl!uard 

pmr unibrnlily in recovery, I l l i s  indicated ti lal h i g l  unifurndly in rrcuvery w.1, inlern~ediulel purlk~liy donbinan1 

amonpcroua involvin~ PR1.K group orraislant parenlsand it w;fimally recevrive ;Inlong all olher rrorrvr I'htblr 

10: Fig.91 

Among crurses inrolving I'HI.I< group a, m;~le p,lrent, lhipll unitorniily In reanery ,r;~$ eillter 

parlially donlinant or intermedble irrespecli,~ 111 fem,~le purent I'CJla Illc). Wl,ere;n in the craraaer invulring 

either SUK or HUK as n~ale parent, Ikm unifornlil) in recvver) ir ~,urli.llly dl,nlin;~nll dsrnin;lnli over daln~in~lnt. 

Table IOc: (:me action for unifilrnmily in recover) in variou, 11)brid gruul~r 

RBRellxx PRLR 

PRBRrnnxPRLR 

*Hclli> I. PRLR 

RBRr8a. xSUR 

PRBR r l t>s~SBR 

R B R  rnlsr RBR 

PRBR rltvx RRR 

h B m u x  RBR 
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Figure Q. Mean uniformity in recovely of parents and their hybrid groups (a) Rainy 
season (EiK) (b) Postrainy season (EIR) (c) Mean of two seasons 



4.4.8 l'utal T i l l e r s  

Total number o l l i l l rnproducd weremoreduring pn\trainy reussn tit:~n in ritiny henson. Anlong 

parentill groups and cl~ecks, susceptible checks produced niaxintuni number al.  tiller^ plPtlrl (2.5111 1'1.ibbie Ill; 

Fii.10). Amongcm*gruuPs lllenumberof liliersplanl.' rimged frun, 1.74. 2.47 ;and ;tmang rerturer grtlapa, 1.71 . 
2.35. Susceptible groups bad mure number of tiller.; Ih81n reaistnnl gnlupr. Antong p,~rentnl line ynlup\. SII cnlr 

pruduced maximum number of tillers plant' 12.471 and the I'KI.R gruup produced the Ieii+t nunher I 1.711. 

Among hybrid groups, tile tiller nunlber ranged between I.YY . 2.65. SII cnls ;bnd SllK produced 

maximum number oftiUerspbnr'(2.651 L l l owd  ihy HllH cnlr xSIlK 12.551, SII ctnr x I'HI.K 12.491, SII mmr x HIIK 

12.47) and FKUK cms x SilK (2.421. I'KIIK cnir x I'K1.K pruduced the ie;!rt nrtnlller a l  tiller> pl.lnt8 (l.YYI. 

(;enerully the crosses which involved *uaceptibie parental lines produced l n ~ r e  tillcr* pi.~nt I .  Aa the r l n ~ e  w;n 

neeligibie, it war nut pnctible to cenaider gene action br tliis trait. 

4.4.9 Product ive ' l ' i l lers  

I'roductive tiller? plitnl $$re nwre during pu*lr;liny rr:!son 1lt;bn in r;liny aeil\lln. I n  ps5lr;liny 

season productive tiUenphnrlare more in EIH Il.36J Ih;ln tn El lH 11.15) ('1;lblu 11; Pig.ll1. Anlllsgcmr gn~ul l r  

productive tillers plant.' r;lnped between ll.Y6. 1.05 and ;tmong realerera llelweerl 0 . X X  - 1.115. Amnng parental 

groups, SR ems (1.05) and I'KLK (1.05) pruducad maximum number ~ulprudeclivr tiller5 pi;lnl '. Among ilybrid 

emups, the number ~ fp rudu~ t i ue  tillers plant.'ranged lroni 1.01 10 I.iX. A.; the r;lnge negligible gene act111n war 

not considered for this trait. 

4.4.10 Y ie ld  

The,jiifferenca betw~~nthemoansof EIK, EIIK, EIK and EIIH Here relleclions or thesevere eryot 

d i m d u e  to rains during flowering period in rainy seasun iE lK and E l l K i  and severe bird damaye 

in postrainy ( ~ 1 1 ~ ) .  nonce only EIW trial b considered lor interpretation*. 
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Ch,ska - ReaIaUnl (PI Suacapl bl* ($1 
- -- - -- 

~ p s  of genotypes 

F~gure 10,Mean total tillerslplant in parents and their hybrid groups (a) Rainy 
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 



Ra~ny Season (EIK) Posfratny Season (EIR) 

G1 = RBRcma (PI). RBR (P2). RBRcmr xRBR (HI 
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GB = PRBR cms ( P l ]  PRLR IPZ) PRBR cma x PRLR IH1 

! GO - SBcma ( P l )  PRLR ( P 2 j  SBcrnax PRLR (Hi 

Checks - R6sslant (R)  Suacnptlble (5) 
. . - . - - .- . . - - 

PI E l  03 04 GI as  07 Ga GRncrl 

Groups of genotypes 

Figure 11. Mean productive tillerslplant in parents and their hybrid groups (a) Rainy 
season (EIK) (b) Postra~ny season (EIR) (c) Mean of N o  seasons 
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0 1  = RBR cmr (PI) RBR (P2) RBR cmr x RBR (Hi 

I 0 2  = PRBRcmr (Pl) RBR(P2) PRBRcmr x RBR (Hi 

0 4  - RBR sma (P l i  SBR (W) RBR cme a SBR IH) 

0 5  - PRBRcms (PI) SBR (P2) PRBRcmax SIR (Hi 

4 GB - SBcmr  (PI), SBR (P2). SBcmr xSBR (Hi 

0 7  - RBR cmr (P1I. PRLR (PZ) RBRcmrx PRLR (HI 
20 

' GB - PRBRcms (PI).  PRLR (P2i. PRBRcmaxDRLR (Hi 

10 Go = SBcw.8 (PI),  PRLR (P2). SBcmax PRLR (Hi 

Ckeckr - Rerlrtant (R) Susceptible (5) 
--- - ~ 

Groups of genotypes 

Figure 12. Mean yield-UNI (glplant) in parents and their hybrid groups(a) Rainy 
season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 
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G! = RBRcmr iP11 RBR (P21 RBR cmax RBR (HI 

G2 = PRBR cma (PI1 RBR (P2) PRBRcmr x RBR (HI 

I G3 = SBcms (PI), RBR(P2) SBomsx RBR (H) 

/ I G5 = PRBR cma ( P I )  SBR (PZ), PRBR cmr x SBR (H) 

I 
.!C 1 1 GO = SBcm~(P1)  SBRiP2) SBcmaxSBR (Hi 

i .. S 8 I 

07 - RBRcmr ( P I )  PRLR(F2) RBRcmexPRLRIH~ , 

08 = PRBR cmr ( P I )  PRLR (P2) PRBRcmaxPRLR (HI 

GO - SBcmt  (PI) PRLR ( e l ,  SB cm8xPRM (HI 

1 Check8 = Retlsranl (R), Suaclptlbla IS1 
. - - . - - - - 

Groups of genotypes 

Figure 13. Mean grain yield4 (g/plant) of parents and their hybrid groups(a) Rainy 
season (EIK) (b) Postrainy season (EiR) (c) Mean of two seasons 



Among ll lecn~r pruupr, llleyield ranged Inlnt 32.15.44.21 IUYI I  find 11.20. 45.41 Ill. 11 r;~sgad 

ibeh!een 35.47. 49.10 (UNI) and 32.60.54.60 111 itmong re<tsrers ('Vnble 11; Fig.11 8. 1.11. I n  bc1118 tile r.l,cr 11,. 

,urceptible groups Sl! rnls and SUH produced nliixinlunl yield is bet11 infested ;lnd uninlvrled ,;laplu,. 

Amung hybrid gruup* SII cm, r HllH pruduccd Iklae?;t )ield (1.d lllv rerl s l l l t r  x r o ~ l , ~  dill nclt 

d~lyer \ianilicilntly. l;enerulll rrlrsaei wll icl~ inrsl+ed portrain) su:!*os-bred re,irl:tnr litlea pr l ld l i r~d Ihial>cr jiultl 

th:tn the hybrids inbolvine rainy x&~n -b red  rerialant l int\ i n  purtrrin) rrrwn. I n  other anrd\,in t l r  Ih)lrri~lr 

tlte ,urceptll~ilily nf p:irent did no1 iiccount Llr )irlrl, inl11>1111gl1 i1111<1ng 11.1rcnt\. s~ t~~e l r l i b l t  p.lren~,~l lint ~ r ~ i u l n  

,ieldrd higlier Illan reaislIlnl Krllup\ iT;!blr I I I ,  

I n  gancri!l, llle lsle pl:~nlcd p,l\lr.tin) hr;lvta I I ~ I I K I  tl,t,k I I I I I ~ I I  B . I ~  lo 511(1( ~III>IY~~~I~ cwnt1~.nred 

10 I I K ,  El lK and EIH. Anlllng p;lrenl;ll l i n e ~ n ~ u l l ~ ,  lllc ,uwrpliblc line nroup, 1\11 rnlr ;lnrl I r l l l t l  took !nlorll tlil!? 

leiluaer llliln r&klantline groupr. I'ortr;!in! ~c~ l r i l n~~ ld . l p l c~ l  I:$ndr:lre- 1I'IO.IO arolblr tllok Ik:1~1 d,l!' 173.NJ1 111 

lloaer coanared lo olhara I'P;ible I I; Fig.141. 

I n  cahe or lh)l~rid\, Illere !Y,IS ~ig l l i l ic i~n l  dill'crencc :tnlilnx 110111 n i n )  :and p ~ ~ > t r i ~ i ~ \ ! + c ~ t \ ~ ~ ~ ~ ~ .  

Intere,tingly where ever I'ItLK gruup were ured 11, rtrturrrr, llle lhybridr aerr r: lr l l  in ;all Ior,~li l#n!~ rc,l!lllIr 

including tile late pa,tr;$in) aeclnln. Cror\er illrlllbine rarceplilllc lilw Kroupl IS11 cnlt :lnd SIIIO scrc  1.111. 

compared to others. I2ilrt icub~rl>, I 'KIII i  cnl* h hIIK Ilybrid\ were I.lle In nII tile hiur rn~irsnnlentr. 

usupfly P U e e n o l y p ~ ~ r o ~ p ~ ~ e r e ~ l l ~ ~ r l i n p o ~ l r a i n y  reawn lhan in rainy ararun. Amllng parental 

line proups, the PR1.H gruup were lalleal 1134 m) raturerb and SllK gruup were shorlest (1.22 1111 re\tarer*. 

kmone hybrids~here~~qsCnifir,~nt ditrerenct between rainy sernln and pll~lri l iny beanln. (;enenlly ellere ever 
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GJ - SB om, (PI) RBR (PB SB cmrx R8R (Hj 
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1 07 = w i m *  PRLRIpzj R 0 R n . W  1 
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Chwb - R n l s m t  IN Su#crpbbla (SI 

Groups of genotypes 

Figure 14, Mean number of days to 50% flowering in parents and their hybridgroups 
(a) Rainy season (EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 
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101 - RBR oms (PI) RBR (P2) RBR cmr X RBR (Hi 

0 3  = SBcmr (PI), RBR IP2) SBcmsxRBR (Hi ! 

I 04  - RBR smr (PI), SBR IF?). RBR cm, x SBR (M 
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0 5  = PRBR oms (PI), SBR (P2). PRBRcma x SBR (HI 

Gd - SBcmr (PI). SBR (P2) SBcmax SBR IHI i 
' 07  = RBR cmr (PI), PRLP (P21. RBR c m l x  PRLR (Hi 

I 1 G(I = PRBRcme(PI), PRLR(P2), PRBR cmr xPRLR (HI ' GO = SBcms ( P I ]  PRLR IF?), SBemax PRLP (Hi ~ 
' Ckeeka - Rarlstant (R), Busc.pllblo IS) 

. . -- , 
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Figure 15. Mean plant height of parents and their hybrid groups (a) Rainy season 
(EIK) (b) Postrainy season (EIR) (c) Mean of two seasons 



FRLR group w a  used as restorer the llybrids were tall in all I~~culisnsise;asnns ('l.i#ble I I: Fip.I5). 

4.5. GENERAL (GCA) ANI) SPECIFIC COMBININ(: (SCA) AHII.I'I'Y EPPEC'I'S 

C~mbininE ability analysis lhelps the plant breeders in selecting the parmtr hind the breedinr 

method to be employed b r  tile improvement 11y previdine infnrn~~atian on the eenctir nalure of IIIC ch;~r;~rtsra, 

l;eneraleumbh'mgability ((;CAI refers te111e11verageperf~~rm;1nce a f ; ~  line in ;I sericr elcrtatur, ahila thrrpecilir 

ct~mbming ability ISCAI refers lo the de!iillion in the perfnrmance of;, ern\> I l b ; ~ l  nould be expected on the I~;a,ir 

of the averaee performance of the lines invulved and is ;$ltribulable primarily 10 dnmin.~nt nnd rpirl i~tic elreclr 

Innn-additive effects) of genes. For improvement of self pollinated c~nps, high SCA eecls oI'a piarticuli~r erot\ 

combination will be useful if i t  ii accompanied by lhipll (;CA elreel of the regective p;lrents, unlike the enair 

pollinaledcrops where pred,~minantSCA elTeccegareefprimnry conrideratitm (Raglaia~iti.~l~ land .Ioshi, IYXhI. 'I'llerc 

obaervatiosare applicable tosorghun~ which b u rrlf poliin;~ted crop. 'The I;CA >and SCA elhctr ut>nqluted lor 

Uparenbl  linesand 144 llybridembin;~tinnafilr theulecled ~ s r i i ~ l l i ~ f ~ ~ r  riliny IEIKI  and pustrainy IElHI wlaun 

experiments are given in Tables I 2  to 16. 

4.5.1 Early Seedling V igou r  

I n  rainy and portrainy aapsonr, highly significant I iCA etTecla were noticed amone lines und 

tabrr .  Theestimated pflecelsraneed from .0.85 to 1.62 and hum .1.12 to 1.20 during rainy land pastrainy ruanlna 

respectively (Table 12; Fig.16). 

~ i ~ e s ,  SPSFR 94002A (.US2), SFSFR 94031A i .0.741, SPSFI'R V4002A 1.0.63) and SPSFPR 

9W7A (-0.65) in rainy wnandSPSFPK94007A (4.61) and ICSA 20 (.a691 in portrainy season recorded high 

nqativc (;CA e m  (dslrabk). Ofthe four female lines with the dslrable (;CA elTecls in rainy season, two were 

bred under rainy wn,and twowere bredunder padrainy seaen for shoo1 fly rahvance. Among the two Amale 

tinaalsd hr postrainy smson, one was bred under poslrainy season fur shalt fly resitlance and one was from 

swnplible female lina;. 



Table 11: Milation of tenera1 CObiniW Ability la) a f f n b  of parent8 for dithrent laracttra asrcciatd vith sbmt 
fly raisbnce 

RBR ns 
1 SPSW 9400W 
1 SPSW 940011 
1 SPSFR 940011 
4 SPSR 940IM 

PRBR w 
5 SPSPR 910011 
6 9PSPPR 910011 
1 SPSRR 910051 
8 SPS1PR 910011 

............. ........... ........- ---.... " ........................................ " - .-- 
hr ly  s t d l i w  Glmsinus egrl cwnt bad hurt8 hichoa density 

vipur 111 IM? ............................................................................. 
EIX IIR eIx EIR err erR erx  ern erK ein -. ---.-. ............--....- .....-.. .............................................................. 

I 
5 IOB89016 0,4611 0,6914 1,4114 1,3418 0,18+ 0,1144 3.11+ 11.19*+ -9,1814 -11,00'* 
6 ICSR90001 0.6444 A16 1.84*t 1.1844 0.4811 0.21 1.10** 5.61 -4.11 -15.4111 
1 ICSR MOO5 0.11 0.16 1,111+ 1,7511 0,4111 0,1944 3,6014 10,0114 -11.1514 -19,Ilti 
8 IOB 94014 0.11fi1 0.16 1 061 0.22 0,5811 2,801 4.11 -13.35*4 -11.95** 



5 th  l ea f  length 5 th  l ea f  Width 5th leaf h p i n e s s  Uni fon i ty  i n  
S.WQ. &notypos ( m l  ( 0 )  (4 rmvery ---------.-...--- ----...-----. -.---.-..* -.--.. *- .---.----- * ------- 

EIK EIR EIK EIR EIK EIR EIK EIR 

PRBR ma 
5 SPSFPR94OOlA -1.61'' -1.56'' -0.28'+ -0.05 -1,07" -1,l l" 0.91t' 0,41* 
6 SPSPPR 940021 0.25 1.214 0.10 0.15 0.25 0.11 -0.7644 -0.60* 
7 SPSPPR 9kOO5A 1.29 1 6 8  0 1  -006  0.56 0.81** -0.76'+ -0,24 
8 SPSPPR 940076 1.78** 2.24*+ 0.14' 0.04 1,0244 0.81'' -1.18" -0.65" 

sa 0 s  
9 ICSA 70 -0.21 4.16** 4 . 0 5  0.09 -0,15 1,64** 1,24+* -0.46' 
10 ICSA 89001 -2.61'b -0.18 4.18'4 0.05 -I.05*& 4 .51*  2.26*' 0.914* 
11 IW 89004 - i , a ~ + *  -0,oi -0.08 0.12 -0.694' 0.11 i . i 6 t r  -0.18 
11 ICSA 90002 -1.16 -0.91 -0.10 -0.16 4 . 6 1 ,  -0.29 -0.20 0.17 

ESTERS 

RBR 
1 I C N l l l  -0.61 -1.80*+ -0.08 -0.02 -0.11 -0.13b' 4 . 3 5  0.01 
2 I W  88088 0.94 0.72 0.04 0.01 0.11 0.05 4.98" -0.464 
1 ILN89015  0.11 -2.55'* 0.03 -0.11 0.14 -0.924* 4.11 -0.15 
4 I W 8 9 O l O  -0.41 -1.51*+ -0.10 -0.24" -0.21 -1.18'4 -0.15 0.11 

SBR 
5 ICSR 89016 -1.45' -2.68'' 4 - 0 9  -0.15 0 6  l l  0.7864 1.16'' 
6 IESR90001 4 . 1 6  4 . 6 1  4 . 0 0  -0.01 -0.U -0.11 1,6l" 0-49' 
7 ICSR 90005 -2,114' -0.85 -0.14' -0.04 -O.Bl+* -0.47 l . l l **  0.15 
8 IESR 90014 -1.09 -1.051 d . 0 9  4 . 0 3  -0.45 -0.52' 1.21,' 0a12 

m 
9 IQR 91011 1.644 1.15'4 O.l9** O.21** 0,62' 1,21*4 -1.01'' -0841' 
10 IQR 91011 i . l s r  2.8$1* 0,01 -0.01 0.56 1.05" -0.82** -o.t l+'  
11 IESR 91009 0.42 1.11" 0.05 0.10 0.24 1.55+' 4 - 3 7  -0,16 
11 ICS891010 I.Ol'* 3 .610  O.10** 0 . 2 1 ~ 4  0.81*+ 1.524' -1.01** -0.55" 

SEi h i )  0.10 0.51 0.06 0.09 0.11 0.24 0,19 0.21 
s l i ( q i 4 )  9 0.12 0.08 0.12 0.44 0.14 0.11 0.30 - _ _ _  Il----.--..t-----l̂..---- 

6 Significant a t  5 pr cent level; 44 Significant a t  1 pr can t  level 
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Table 15: EstilaM of spcific mnbiniq ability (a) effects o[ crosses for leaf parameters and recovery rating 

5th Leaf LengM 5th Leaf Yldth 5th Laf hwpb Unlfonlty ln 
S.lio, knotyps la) (a1 ness (cn) rmery .- ....-.-...... --- -.-.- ........-.. ..-.-....-.--.--- -....-....--.... 

en EIR EIK erR err en EIK EIR 

RBR ns x RBR hybrids 

I SPSR 94002A x lW 112 
2 SPSR 94002A X ICSY 88088 
3 SPSR 94002A x ICSV 89015 
4 SPSR 940026 x ICSV 89010 
5 SPSR 940011 X IW 112 

6 SPSR 91001A X ICSV 88088 
1 SPSR 940011 X IW 89015 
8 SPSR 9400111 x ICSV 89010 
9 SPSR 9400lA x ICSV 111 

10 SPSR 94OOIA x ICSY 88088 

li SPSR 9400lA X ICSV 89015 
I2 SPSR 94001A x ICSV 89010 
11 SPSR 91011 x ICSV 112 
I1 SPSR 94011A x IW 88088 
15 SPSPR 940111 x IW 89015 
16 SPSR 940llh x ICSV 89010 

PRBR ns x RBR hybrids 

11 SPSPPR 91001 x IW ill 
18 SIPPR 910011 X IW 88088 
19 SPSPPR 9400lA x ICSV 89015 
10 SPSRR 9400U X IW 89010 
21 SPSRR 940OU x lW 112 

22 SIIPR 94OOU x IW 88088 
11 SRRR 9400lA 1 IW 89015 
24 SPSRR 9400W x ICSV 89010 
15 . SPSRR 94008 X IW 111 
26 SPSRR 9100% x 1LSV 88088 

27 SF3RR 9400U X ILSV 89015 
28 SIM 94OOY IeSi 89010 
29 SKRR 94001A X IW 111 
I0 SIm 94001A x IW 88088 
11 SHAR 9400lA x IW 89015 
11 SPSm 91001A x IW 89010 



SB cu x RBR hybrids 

11 ICSA 20 x ICSV 112 
I4 181 20 x ICSV 88088 
35 ICSA 20 x IW 89015 
16 ICSA 20 x ICN 89010 
11 ICSA 89001 r ICSV 712 

I8 ICSA 89001 x IW 88088 
I9 ICSh 89001 x ICSV 89015 
40 ICP 89001 X 1CSV 89010 
41 ICSA 89004 x lW 112 
42 ICSA 89004 X IW 88088 

41 ICSA 89004 X ICSY 89015 
14 ICSA 89004 x ICN 89010 
15 ICSA 90001 x IW 711 
46 ICSh 90002 x IW 88088 
41 ICSA 90002 x IW 89015 
18 ICP 90002 x ICSY 89010 

RBR as x SBR hybrids 

49 SPSR 94OOlA x ICSR 89076 
50 SPSB 9100M x ICSR 90002 
51 SPSB 91002A x ICSR 90005 
52 SPSPR 940021 x ICSR 93014 
51 SPSIR 114OOIh x ICSR 89016 

51 SPSB 94OOlA X 1CSR 90002 
55 SPSR 91OOIII X ICP 90005 
56 SPSR 910011 x ICSR 90011 
57 SPSR 940011 x ICSR 89076 
58 SPSR 9400M x ICSR 90001 

19 SPSR 94001A x I b  90005 
60 SBB 9100iA X IeSR 90011 
61 SPSB 94OIU X 1eSR 89076 
61 SPSR 910IM X ICSR 90001 
61 SPSB 91OIU x ICSR 90005 
64 SP3R 940lU X ICSR 90014 

5th lPaI length 5th leaf Width 
(a1 (cu1 

5th Ltaf Drmpi- Unifonity in 
nnr (n) rmvery 

EIK EIR BIK ElR 



Contd.. - ..*- ........................... ........................ .......................................................... 
5th leaf it@ 5th hat Yidth 5th Ltf Drwpi-  Uniformity i n  

S.No. Ctnotyps (4 ( m )  nesl (n) rwvtry .......... .. ........................ - ............................... 
EIR EIR erx elR erx e m  ein EIR .................................................................................................................... 

PMR ns x S8R hybrids 

65 SPSAR 9400U x ICSR 89076 1.49 0.11 0.05 O,l0 
66 SPSRR 9400U X ICSR 90001 -1.65 6.6911 -0.01 0,01 
67 SPSPPR 9400U X ICSR 90005 -4.11 - 0 , I l  -0.07 0.14 
68 SPSRR 9100U X ICSR 90014 -1.41 -0.01 -0.24 0.10 
69 SPSPPR 540OU X ICSR 89076 5.68, 0.06 0 3  0 , l l  

70 SPSfPR 9100U X ICSR 90002 1 1 7  7 -0.01 0,10 
71 SPSPPR 9100% x ICSR 90005 1.78 2,91 0.00 0.01 
71 SPSPPR 94001A X ICSR 90014 5.06' 0.61 0.26 -0.09 
71 SPSPPR 940051, X ICSR 89076 -1.11 -4.6611 -0.16 -0.51 
74 SPSPPR 94005A X ICSR 90002 0.14 -0.21 0.21 0.10 

75 SPSRR 91005A X ICSR 90005 
76 SPSfPR 51005A x ICSR 90014 
77 SPSfR 91007A x ICSR 89076 
78 SPSPPR 91007A x ICSR 90001 
75 SPSPPR 910071 x ICSR 90005 
80 SPSPPR 94007A X ICSR 90014 

SB ns r SIR hybrids 

81 ICSA 10 x ICSR 89076 
82 ICSA 20 x ICSR 90002 
8 1  I W  10 x ICSR 90005 
84 I d  10 X ICSR 90014 
85 ICSA 89001 X ICSR 89076 

86 I M  89001 
87 I d  89001 
88 ICSA 89001 
89 I C P  89004 
90 I d  $9004 

91 I N  89001 
91 I M  89001 
93 I M  I 0 0 1  
94 I d  $4001 
9 5  I M  90002 
96 I b  90002 

x ICSR I 0 0 1  
x ICSR WOO5 
x ICSR 90014 
x ICSR 89016 
x ICSR 90001 

x ICSR 90005 
x I d R  I 0 1 1  
x ICSR 89016 
x ICSR 1 0 0 1  
x ICSl 90005 
x ICSR 90014 



Cnntd.. .---- ............................................................................................................. 
5th lraf Length 5th leaf Width 5th ital Drwpi- Unifonity i n  

S,NO, e tno typs  (01 (cn) nerr In] recovery .- ...-........ ..................................................... 
EIK t i ~  EIR t i ~  err trR err a r R  ............................................................. ........... - .................................. " -.... 

PER cas x PRlR hybrids 

91 SPSR 9100U X ICSR 91011 1.00 -1.26 0.11' 0.10 1.09 -0.80 -1.124 0.85 
98 SPSR 9400U X ICSR 91011 1.99 -0.26 0.01 -0.11 1 4 1  0 2 5  0,29 0.01 
99 SPSR 9100U X ICSR 91009 1.91 1.18 I 0 1  1.08 0.20 .0,81 -0.81 

100 SPSR 94002A X ICSR 93010 -0.59 0.11 0.71'' -0.06 -0,ll 0,15 -0,51 -0.19 
101 SPSR 91OOlA X ICSR 91011 -1.75 1.21 -0.25 0.16 -0.84 2.011 0,29 -0.61 

102 SPSn 91001b X ICSR 93011 -1.12 1.11 -0.27 0,12 -1.19 0.18 -0.15 0.11 
101 SPSR 91001A X ICSR 91009 6.2911 0.66 0.12 0,24 2.114 0.12 -0.15 -0.29 
104 SPSSR 94001A 1 ICSR 91010 0.00 -2.10 0.02 -0.11 -0.19 -1.15 0.01 -0.54 
105 SPSR 910011 x ICSR 91011 -1.16 1.18 -0.19' 0.19 -1.62 1,ll 1,ll' -0.10 
106 SPSR 910OlA x ICSR 91011 5 5  1 1  -0.19 -0.10 Ll.72' -0.92 1.91" 1.11 

101 SPSR 940OlA X ICSR 91009 1.20 -0.22 -0.01 -0.15 1.01 0.51 -0.21 -0.35 
108 SPSIR 9400lA x ICSR 91010 -1.51 .1.11 4.21 -0.16 -0.11 -1.904 -0.24 0.16 
101 SPSR 940IlA X ICSR 91011 0.91 1.97 0.29 -0.10 0,28 0,15 -1.51' -1.51' 
110 SPSR 94OIII X ICSR 91011 0.61 0.00 -0.14 -0.12 0.11 0.11 -0.51 0.29 
111 SPSR 94OllA X ICSR 91009 1.16 1.11 0.10 0,17 1,41 O,41 .0.02 0.07 
112 SPSPR 94OllA X ICSR 91010 -2.10 -0.91 0.01 -0,ld -1.19 -0.11 -0.41 0.11 

PPER ~ P J  x PRlR 

SPSSPR 94001A x ICSR 91011 
SPSSPR 9100U x ICSR 91011 
SPSPPR 940OU x ICSR 91009 
SPSPPR 940011 x ICSR 91010 
SPSPPR 9400M X ICSR 91011 

SPSPPR 9400U x ICSR 91011 
SPSFPR 9400U x ICSR 91009 
SPSRR 9400U X IBR 91010 
SPSFPR 910OU x ICSR 91011 
SPSIR 9100U x 1CSR 91011 

BPSRR 9100U x ICSR 91009 
SPSRR 91005A x ICSR 91010 
SPSI 94007A x 1CSR 91011 
SPSI 94001A x ICSR 91011 
SPSRR 940011 X lCER 93009 
S P S ~  B . ~ O O ~ I  x IBR 91010 

.....- .......-........-...--. ...................................................... 
Cnntd.. 



Contd.. 
.................................................................................................................... 

5th leaf length 5th leaf Yidth 5 h  leaf Drwpi- Unifonity in 
3.Ho. Genotypes lcn) (m) ness (a) recovery 

..................................................................... 
EIK EIR EIK EIR ElK EIR EIK EIR ...................- ........................................................................................... 

SB as x PWI hybrids 

129 ICSA 10 X ICSR 91011 -1.24 -0.50 0.22 -0.18 -0.97 -1.15 0.01 -0.57 
110 IW 20 X ICSR 91011 -1.01 1.05 -0.08 0.11 -0,58 -0,lO l.11+ -0.04 
111 ICSh 20 X ICSR 91009 -0.10 1.54 -0.12 -0,21 0.06 0.41 1.09 -0,51 
112 ICSA 20 X ICSR 91010 -2.52 1.561 0 1 1  0 0  -1.26 1.08 0.41 0.26 
111 ICSA 89001 X lCSR 91011 1 2 8  2 4  0.21 -0.08 1.71 -1.12 0,14 1,64* 

I14 ICP 89001 X ICSR 91011 1.92 1.59 0.12 -0.10 1,19 1.10 -1.01 -0,lO 
115 IW 89001 X ICSR 93009 5 1  1 4  0.171 0.18 1.47 1.61 -0,82 -2.091 
116 IMA 89001 X ICSR 91010 -1.29 0.91 -0.471 -0.17 -1.26 -0,lI -0.21 1.10 
117 ICSA 89001 X ICSR 91011 -0.58 -2 .81  .O.21 -0.651 0.11 -1.75i -0.18 -1.10 
118 ICP 89004 X ICSR 91011 1.18 1.11 0.28 -0.21 0.72 1.11 -0.15 -1.411 

119 ICSA 89001 x ICSR 91009 1.61 2.68 0.411 -0.11 0.78 1,lO -1.01 -0,84 
140 ICSA 89001 x ICSR 91010 -0.15 -2.68 -0.21 -0.14 -0.41 -1.54 0,40 0.15 
141 IN 90002 x ICSR 91011 -6.26** -0.80 -0.57rt .0,22 2 1  0 2  0.98 0.19 
141 IM 90002 X ICSR 91011 0.91 2.94 0.01 .0.01 0 1 9  1 4  0.10 -0.00 
141 ICSA 90001 x ICSR 91009 -4.11 0.66 -0.04 2.01" -1.17 0.28 1.40' -0.22 
141 ICSA 90002 X ICSR 91010 -2.04 -5.28t1 -0.06 -0.51 -0.59 -1.11+1 0,41 2,5541 

SE +(gi) 2 2  1 7  0.20 0.10 1.01 0.84 0.67 0.71 
SE + ( g i - g j )  1.42 2.51 0.29 0,12 1.51 1.19 0.95 1.02 

I Significant a: 5 per cent level: Significant at I pr cent level 
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Genotypes 

Figure 16. General Combinlng Ability (GCA) effects of parents for early 
seedling vigour in rainy (EiK) and postrainy (EIR) seasons 



Amnnn ttiters, ICSV 88088 (.0.60), ICSR 931131 1.0.54), ICSK 9301 1 i-0.65) ilnd ICSR 930111 I. 

OB5l in rainy m n  and lCSR 93031 (41.641 and ICSR 931110 I-1.11) in  postrainy aeasnn exhibited high negative 

I;CA effeetsiderirable). Amon~thefour male lines selected fnr rainy season, one was from re.\islant bred restorer 

lines and three were from postrainy season.adapted landraca. Similarly the two male lines selected under 

postrainy season, were postrainy season.addpted landraces. 

Statistically si~nil icant SCA eWecC. xere noliced among hybrids for but11 rainy and pestrisiny 

wsnns. The eslimatet of SCA eWPcts ranged between .1.68 to 2.01 in rainy season and .2.71 tu 1.92 in postrainy 

wasan. Sinil imnt nepatikeSCA eWecLs (desirable) were shown by SPSFR 94001A x ICSV 880118 1.1.68). SI'SFK 

VNOZA XICSR 90005 1.1.60), SPSFPR YQOZA x ICSH ~0005 (.!so), ICSA 10 x wsv 88088 (.I.Jn), and SPSFPK 

94005A x ICSR93009 (-138) in rainy s w n a n d  SPSFPR 9400IA x ICSK 90001 1.2.72 I, SPSFK 94001A x ICSV 

119030 (.23I), ICSA 20 xlCSR 89076 (.186),SPSFH 94001A x ICSK 90005 (.1.78), ICSA 10 x ICSR 90014 1.1.7111, 

ICSA Y0002xlCSV 712 i.1.72) and ICSA M xlCSV 88088 (.1.69) in postrainy seaaon. Of the five hybrids selected 

under rainy season, two were developed on rainy season-bred ralstant female line, t~vu nere based on pustrniny 

heason-bred ra i shn t  fenlaie linet, and one xus developed on susceptible bred female line. Of theseven hybrids 

relwted under pns t~ iny  suuon, two were developed no rainy reiann.bred resistant female lines, one was developed 

Inn postrainy seasnn.bred resistant female line, and four were based on susceptible bred female lines (Tdble 141. 

SinXeant I;CA eRwb were noticed amon): lines and teatersduring rainy and postrainy seanlns. 

'~i1etitimaterofl;CA elfwD for lines and twreti ranged from .1.93 to 2.48 in rainy season and from 4.99 to 2.39 

in postrainy aeasnn (Table 12; Fig.17). 

Amunp liner, SPSFR 94002A 1.0.87), SPSFK 94003A (.0.94), SPSFK 94001A (.0.82), SI'SFK 

YQJ31A (-143),SPSFPR94002A (.0.76) and SPSFPR 94005A (-0.84) in rainy season and SPSFR 94003A (.1.111, 

SIJSFR94031A (.088),SpSFPR 94001~  (.131),SPSFPK94WSA (.0.811) and SPSFPR 94007A 1-1.991 in plistrainy 

SeaSon showed highly slpnifiwnl negative (;CA eLCB (desirable). A n l o n ~  six female l i n e  selected under rainy 

Wwn, f w r  wn Fmm miny %.lwn.bred mb(an1 female lines, and two were from postrainy seuson.bred reskldnf 



Genotypes 

Figure 17. General Combining Ability (GCA) effects of parents for glossiness 
in rainy (EIK) and postrainy seasons (EIR) 



femulelimec OfRve femalelin**lefledunder pc.strainy seilson, lwe were from rainy seitsnn.bred resibsnt female 

lines, and three were from postrainy sedson.bred resistant female lines. 

Testers, ICSV 711 (.0.61), ICSV 88088 (-1.091, ICSR 93031 (.1.06), 1CSR 930II (.1.20), ICSR 

93009 (.O.17) and ICSR 93010 1.0.981 i n  rainy seaen and ICSR 93031 (.O.17), ICSK 93Ull (.1.80) and ICSH 

u3009 I .Id81 i n  postrainy season exhibited high neealive I iCA  etTects (desirable). Among six male lines selsted 

under rainy season, two sere from resistant bred restorers, and four were portrainy senson.adapted landrace,,. 

AII the three lines selected during pustrainy reaaln were from postrainy seas~n.adapted landraces. 

Sipnificant SCA eiTects were exhibited by hybrids during rainy and pnstrniny seasons. Tlie 

estimates of SCA erects ranged betneen 4.40 to 3.11 during rainy seaon and between .2.3I to 3.52 duriny 

pnslrainy Seaslln ITable 141. Significant negative SCA emcts IdeirableI a e n  shnrvn by SI'SFR 94002A x ICSK 

Y11005 I.I.4II),ICSA 90002 x ICSK 9llO02(.2.341, ICSA 20 w ICSK 9U0021.2.031, SPSFPR Y4liOlA x ICSK 911005 

1.1.771, ;1ndSl'SFPK94002A xICSK 90014 1.1.3RI during rainy seasnn. BI~P~ISFSFR 9403iA x ICSR 93031 I. 

3.031, nnne of tile Ihybrids exllibited hignificant neg~llive SCA elTects during poslriliny season. Of  fibe hybrids 

v lc ted under rainy smnn, tune wns develnpad on rainy season.bred resist;lnt Rmnle lines, la11 a,ere debeloped on 

rusceplible bred female lines and two were bssed en portrainy reas:un-bred resistant female l i ne  ('hble 141. 

4.5.3 Egg Count 

Uuringrainy and pustrainy seasons i~ighly significanl I i C A  effDcts were noticed amung lines and 

taten. 'The estimstedefPects ranged fronl .0.43 to 1.08 in rainy season and from 4.73 to 1.17 in postrainy seiimn 

I'l'dble 13; F i~. l8) .  

Lina,SPSFKY4001A (4.431, SPSFR 94031A (.0.36), SPSFPR 940024 (-0.411, SPSFPR 9 4 0 0 j ~  

1 .lI.31) i n  rainy season and SPSFR 94003A (.0.51), SPSFR 94031A 1.0.45), SPSFI'R 94001A 1.0.36), SPSFPR 

94002A 1.0.66) and SPSFPR 94001A (-0.73) In postrainy season exhibited lhigll negative I:CA off=& (desirable). 

ofthe four l inasoktedunder rainy uasun, tan were frnrn rniny season.bred resisllnt female lines, ;lnd two were 



Genotypes 

Figure 18. General Combining Ability (GCA) effects of eggslplant for parents in 
rainy (EIK) and postrainy (EIR) seasons 



ofthe f iur  l i n e * ~ h l d u n d e r  nliny .-%Iron. (No were from rriny re#l*en.bred re\irlant Cnvhle line,, ;lnd tall nere 

from pmlrainy =n.bred rnbtanlfemrle liner. Among the fl$e liner \eIerled under ps*tr:liny va*on, 1.0 .ere 

t o m  rainy stasen.bred rnirtanl female liner and three Here frnm pu$trainy \er*an-bred rnirlunl fen~ale I~ner. 

A m o n e t ~ l e ~  ICSV 89030 I.030I and ICSR P300V 1.0.321 during rainy v;b*t$n and It'SV nwilnn 

1.0.39), ICSK 93031 i.0.461, ICSR 93011 (.0.3ll and ICSR 93010 (.O.JJI durina plrlrriny \e;ln,n rbeuud Biyhl) 

4gniReanl nqatire(;CA eITeebldnirableI. O f t i ~e  Inn lineselecled under pntlrainy $earon,nne ..it lrom rerirt.~nt 

bred rwlorersandthe nlller was frum postrainy ae;lron.adapled landrurel. I luring ps*lrainy ren\on anung fnur 

lhnea $elected, one was Rom re4,iatanl bred re*lorer\ ihnd lllree were porlruiny waron ;Id;lpted bindrare\, 

Sipnifionlly i l kh  SCA eneclr \!err noticed fur h) bridr during rainy ~nnd porlrriny re;lnln\. '1'Le 

n1im;lIe nf bCA effRCI ran@ from .l.h5 lo2.IZ in rainy *enn,n, and .1.57 111 2.33 in p<~%ln iny  reilvln I'l'rble 14). 

Sienilicml neeatise SCA eflecb (desirable) Isere nnlired ilmang SI'SFK Y41102A r ICSR 901105 1.1.651, ICSA 20 

xlCSH V3009I.l.I'iI.ICSA Yl11102xlCSK 89076 1.1.161 ;and SI'SFI'R 94002A x ICSK YllllOl l.I.IJ I duringrnin) 

*e;lnm.andlCSA UIxlCSR9001~2(.1571.ICSA 20rIChR891176 l.1.321, ICSA 89IIOI x ICSV 712 I.II.VYI,SI'SFH 

9U13IA x lCSKY0OOlI~O.971. ICSA 90002 x ICSK 900I4 i-0.YII.SPSFK V41131A r ICSH 93OJl I.O.891,5l'SFI'I( 

94007A xlCSV BYOlS i.0831, SPSFK 94003A x lCLH 90002 (.0d3l. SI'SPH Y4003A x ICSK V0014 I.II.XJI, SI'SFI( 

94031A x ICSV 89015 1.0.811 and Sl'bFI'K V4l1117A x ICSR 89076 (.0.81) during pnrlr16iny *ea\en. l l f l l le  k ~ u r  

lhybrldr relacled under rainy $ea$nn, one jua* developed en ruiny resvln.bred rni!l;lnl fenlale line, hbll acre 

devalnpd on ru,uPplible bred female line, and one wa% developed on pntlrainy reu*nn.hred re~blanl  felnale line,. 

I l l l l ~ee le~en  hybrids a ls led during po>lrainy res\on, Plur Here developed en w*replible I red female line\, live 

uere developed nn rainy 5e;aon.bred resistan1 female l i nn  and two were developed on pa\lr#iny u;lren.brrrl 

re>btsnt female l i na  (Table 14). 

During rainy and paclrriny w n r  sienifiranl (iCA eRclr were noticed rmnng l i n ~  und leler\. 

1)uringniny w w n  the n t ima le  of(;CA tITcrU ranged from .46V 104.59 and during po*lrainy ,ea+lm lhelween 

.14.21lo 16.12 (Table 1% Fig.19). 
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Figure 19. General Combining Ability (GCA) effects for deadheart (%) for parents 
in rainy (EIK) and postrainy (EIR) seasons 



Amongline,SPSFH YJOOZA 1.4.19), SPSFH YJOJI A (4.61 I in rainy *uttnm ;rind SI'SFK V40tI3A 

i.11.001, SPSFR 9403IA l.l.l.Y31. SPSFFR 94002A kI2. lJ l  innd SI'SFPK V4007A i-14.221 in pilalruiny ,e;lrlln 

erhibited sipnificanl nDpatiW (;CA effecb (desirablel. Among Illere linec, two line* aeleded during rainy seasan 

nere from rainy seaJon.bred resirhnt female lines, and amona lbe four lines selected during pllafr,~iny srason, IN 

uerefrom postrainy seawn.bred r6iclnnl female i i n s  and I so  .ere from rniny sr;aen.bred reaihliint hm;~le lines. 

Tosterr, ICSV RSUR8 1.4.691 and lCSR 9300Y 1.3.311 in rsiny se;lv~n,;lnd ICSV nnonn 1.12.7V1, 

ICSK 93009 1.6.381 and ICSK 93010 1.11.641 in postrainy sensnn rhosed aignilirant ney;~li,e I;CA vlRcls 

ldsinblel. Among Ihe two male lines selected during rainy seasen, one rrns from rerir1;lnl bred re\larrr ;rind tile 

other !msfrom pmtniny s~~an.adapted landracw. I n  addilivn 11; the h~bove lines selecled during r;liny reantn. one 

more landrace wasselected for postrainy season. 

I)uring rainy ;and pes1r;liny seasonr, signilirhlnt SCA elTecLr aere noticed Rlr Ihyhrida. Arnclng li lr 

Ih)hrids the SCA eflecls r i l n~ed  from .ll.n4 lo 111.13 (riliny saa!ni ;lnd .18.62 111 43.31 lp~slrainy *e;noni. 

Siynifirant nec;llive SCA efLrtslderirablel s'ere nllliced for SI'SFI'I( Y40115A u ICSV 711 1.II.XJ I, ICSA 2iI v 

ICSK V3t109 1.10.1 11 and SPSFPU 9400lA x ICSV 8903U i.Y.Y2) duriny rainy *e;!snn und for SI'SFI'H V411i15A x 

ICSK 93009 (.28.62), SI'SFI'K Y4007A x ICSH 89076 1.24.771, ICSA 2U i ICSK KVO76 1.22.nU1, SPSFH Y41131A 

r ICSH RY076(.21.61l,SPSFPI< YJOOlA x ICSK 90014 I-20.3~1and SI'SFI'K YJIIII7A x ICSV 711 1-211.131 during 

pertruiny season (Table 14). Of llle three lhybrids selected under rainy senwn, IWII were develnped Inn p l~* ln iny 

.wirn.bred rerislanl female pitrent and one war based en susceptible hred hm;lle line. Iluriny por1r;liny \ea(lln, 

among the \ix superior hybrids, four were b a r d  nn poalrainy seanln.brod re$irtant female lines, lnne war Ihared 

I I ~  susceptible female line, and one was baled on rainy ceiis~~n.bred rohl i ln t  female line. 

4.5.5 Trichume Density 

Liner and teslers showed significant I iCA  eITecLs during bolll searunr. 'The e~ t lmn tc  of I;CA 

effeca ranged betueen .11.01 to 27.46 in rainy season, and betueen 40.77 10 54.10 in poslrainy seuan 

ITable 12; Fig.10 I. 
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Figure 20. General Combining Ability (GCA) effects of trichome density (rnrn ) for 
parents in rainy (EIK) and postrainy (€117) seasons. 



Lin-SPSm 9 W l A  I I S J l  in rainy and 2587 in psrlrainy \ausoni. SI'SFI'K Vl~lOi ,\ (IV.11 and 

SJ.IO),SPSFPR 94001A (12.78 md21.S61,SPSFPH 9400SA 19.71 in r:liny).and SI'SFK V411314 (18.55 in r;lin) 

season) showed signincant pusiti\e (dairable) (;CA ellecls. Among the h e  Rnlale lines selpcled during r;liny 

w n ,  tw w r e  from rainy w n - b r e d  rsk lant  female l i n q  and lhree nere Bum porlrainy re.laan.bred resiat;~nl 

female l ine. 01 Ihe three female lines selected during postrainy reason I\ro Mere RII~I psrtr;~iny seamn.bred 

resktanl female lines and one was from rniny seasln-bred resirlant fenlule lines. 

Amongbters,lCSV 711 117.4 in rainy and 16.84 in puslrainy seilsunl, ICSV 88088 i 20.75 ;lnd 

34.09) and ICSR 930111 ( 7 Y i n  rainy season1 exl~ibiled significantly high positi\,e (dehiritblel I;CA elYecta. 111 !he 

lhreemdle linesseleled d u r i n ~  rainy season, two aere from resistant bred rellnrers, and one is perlr111ny se;aen. 

rddpled landrace. Except lhe iandrace, Ibe same resistnnl bred rpaturers were aelected durinp puslnliny se;!sun 

abo. 

Slatbtiail) signifianl SCA et7ecI.s !!,ere nuliced during rainy and p~~ r l r a i ny  svs$enr l i lr 11) brids. 

'I'lleSCA efefs ranged fr11nl.41.23 lo  64.19 during rainy and .6+SJ 10 47.57 during pealrainy rvarun Il'able 14). 

Sianificant peailive SCA ellects Idesirsblel were nuliced for ICSA 20 x ICSK YOOI4 164.IYi, SI'SFI'K Y4OIII A x 

ICSK 90005 157.41).ICSA BY004 x ICSK 89076 (J6.Y I), SPSFPH 94OOSA x ICSH Y.III0Y 1411.66), SI'SFI'H YJIIII7A 

r ICSV 89015 135.621, ICSA YO001 x ICSR 931111 l34.68], ICSA 89ll04 x ICSV XYO30 (33.541, SI'SFR YJIIIIIA x 

ICSV 89015 133.441, SPSFR 9102A x ICSH YO005 lW.70) ;lnd SI'SFR 94031A x ICSV 711 (24.58) in r;lilly reiarlln 

mdSPSFPR9107A xlCSHB9076(47S7l,SPSFPK Y40OlA x ICSV 712(41.64), SI'SFI'R Y411112A x lChH 9ll l l l l l  

141.55), ICSA 89004 x lCSH 89076 (40.511, ICSA 89004 x ICSV 112 (40.46), SI'SFI'K Y4liII5A x ICSR Y311111 

l35.91), SRFPR 94111A x ICSK 90O02(17.74), SIISFI'R 94001A x ICSV 890l5 (25.87), SI'SFPH Y411115A x ICSH 

93031 (15381,ICSA BY004 x lCSV 89030 (25.08) and ICSA 891104x ICSW 911014 115.111) in pl~rlri l iny aalvn. Of 

Illelen hybridssekctedduring rainy %$on, lllree were developed on pnslrainy seaa~ln.bred rehitlrnt Qmille l i n h  

four were developed on susceptible brad female lines and three were developed on rniny ra+~ln.bred reairlnnl 

Rmdle l ina. Of  the eleven hybridsselected during postrainy reason, seven were developed en plnlrainy saaun. 

bred resblanl kmale lines and lour were devel~~ped nn swceplible bred hmnle lines. 
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Figure 21. General Combining Ability (GCA) effects for 5th leaf length (cm) 
of parents in rainy (EIK) and postrainy (EiR) seasons 



female lines, four were based on susceptible bred femille lines. ilnd tat) *ere de~el~ped on rain) seawn.bred 

female l ine. Of 1110 Iwelbe h)bridJ selected during pasln~iny rwatm, three .ere de,eleped #In r;~iny 

seassn.bred resblant female l ine, four were deteluped on pnslr;liny sraron.brrd reabti~nl fem;~le liner, ;lnd fi,p 

!!eredeveloped on susceptible bred female lines  table 15). 

4.5.7 51h Leaf Width 

The 1;CA eITeets were found sipnificanl for b~bt l~ lines ;and terters during rainy ;and parlr;~iny 

spawns. Tl~efstimattinf I;CA effects ranged from 4 2 8  to0.21 during rainy ae;ln!n. ;and 1r11n1 .O.24 to 11.21 during 

postrainy season (Table 12; Fig.22). 

Among lines, SPSFR 94001A 10.11). SPSFI'R 94005A IlI,I7), SI'SFI'R Y4007A ll l. lJI e\l~il~ited 

aignifio~nt pusiti!e I:CA eWcls (desirable1 during rainy heason. None I I ~  the lines al~owed signincant I i l 'A ear la 

during pestrainy seamn. Anlong the three female lines selected during rainy seilson, I,II, \\ere frllnl pletraliny 

rrisen.bred re*irlant fenvale lines end one was horn r i~ iny \e;~son.bred rt*i*1:int I'eniale line. 

'I'titers,lCSR 93031 l0.lY in rainy sndi1.23 in pe\lrainy se;lsoni and ICSK Y301010.20and 11.271 

rlluueds~nifiornt pusiti\e(;CA effecb(dtiiri~ble). IIIIIII tile n~il le lints ~elecled during r;iiny and pllatr;liny retlnln 

sere develeped on p~~slrniny se;as~~n.adapted Iandraces. 

'TheSCA eslimatusfnr the 1h)bridsranged f r l~m -051 1011d4 in rniny ru!*l,n und frtln! .ll.KK In 1.114 

in platrainy wmnI'ruble IS). SI'SFRV~~~ZA XICSKY~~~III 111.741, sIISFI'R Y411i12A x ICSV XXllxX 111.571, ICSA 

~ ~ n n 4  x ICSR 9300~  111.471, ICSA nyonl x ICSR ~ 3 0 0 9  (11.471, ICSA zn 1 ICSH 89076 it1.411, SI'SFK YIIIIIIA x 

lCSK93031 (0.411 and SPSFR 94W1A x lCSV 89015 (0.41) exhil,iled rigniflmnt pllritive SCA elfecb l d~ i ra l l l e l  

during rainy sensnn. During postrainy searnn, significant positive SCA eITeel was n~~ticed L r  only ICSA Yllllll2 r 

1CSK 93009 (2.04). Among tlle even hybrids selected duriny riliny season, three were devel~~ped un rainy >eUalln. 

bred resistant female line, and three were bawd on susceptible bred female lines and one was develt~ged en 

palrainy seasan.bred rabmnt female line$. During poslrainy stasen, only one hybrid (developed on susceplible 

bred female line) was selecled. 
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Figure 22. General Combining Ability (GCA) effects of 5th leaf width (cm) for 
parents In rainy (EIK) and postrainy seasons (EIR) 



4.5.8 5Ih Leaf 1)roupiness 

The(;CA eRwD for lines and ta lers were R~und rigniliranl during rr~iny and portrainy seasens. 

The(;CA atimalesfnr linesllnd leslerr ranged between .1.07 to 1.03 (rriny a;sssnl ;bnd .!.?I la  1.64 (psaln~iny 

season) (Table 12; Fig.16). 

Among Uner,SPSFR 9.IO.lIA (1.03l,SPSFI'KYJO07A lI.II21 ill rainy seurtnn and SI'SFI'K YJIIIISA 

10.82), SPSFI'R 94007A (0.861, ICSA 211 Il.641 i n  puslrainy serren erhibiled rignilic;~nt psritive 1;CA ell'ecw 

ldefirablel. Ofthe I r o  female lines selecled during rainy soilson, m e  was f r m  r~ l iny seaaon bred rerbtnnl fem;~le 

line and the other was from pestrainy seanmbred resistant Rmsle line. I)uring perlruiny aeahcbn, 1.0 poafrniny 

*eason.bred resistan1 female lines and one susceptible bred femuie line nure selerled. 

'Testers, ICSK 93031 10.62 in rainy i ~ n d  1.23 in pcl\trniny se;taonI. ICSK V3IIiII Ill.83 innd I.S2I, 

ICSR 93011 il.05 in p1lstr;liny aeilsllnl and ICSR 960119 (1.55 in pla1r;tiny ae;nonl erbibiled rignillcnnl high 1;CA 

effects (desirable]. Among lbe lm mille line* relecled during rniny reitran, bsll i  were purlrainy ru;~~nn.nduplud 

landraces snd the s;me lines were found superior during pustriliny re;l$lln 81lv1. 

The hybrids exi~ibiled rignilicanl SCA eiLcls during bolli rainy und p,~\lriliny raralmr.'l'lle 

ehlimated SCA e e c l i  riinped from 4.72 lo  3.39 (rainy rad\onl and Rum -2.65 10 5.46 Ipsrlrsiny wustml. 

Sinfirant pmitiveSCA elf& Idairable) werenl~liwd for SI'SFI'H 9411115A x ICSK Y3llI I IJ.JV), SPSFI'H Y4lllll A 

x ICSV 89030 (6.lf)JCSA 20 x ICSH 89076 l2.971, ICSA 8911114 x ICSV 89ll3ll 12.5O1, SI'SFIt V4(1111A x ICSK 

89076 (2.40), SPSFK V4003A x ICSK 93009 (2.63I, SI'SFI'H 941101A r I(:SR 93(IJI 12.251, SI'SFI'H 94IIII2A x 

ICSH 89076 (2.20), ICSA 89004 x ICSV 88088 12.201 and SIISliFH 941101A r ICSH 91IIIIl212.151 in ruin! aeanln. 

I l u r i n ~  purlrainy m n , l C S A  89001 rr ICSH 89076 (3.461, SPSFPH 9411115A x ICSR 93009 II.JS),ICSA 211 x ICSK 

90014(224), SPSFI'R9mlA xlCSR90WI(t.l7l,SI'SFH 9411111 A r ICSIt 91111115 12.17),SI'SFH Y40111A x I1:SV 

RW30 (2,16),SPSFR 94003A x ICSK 93031 (1.021, SPSFPR 94002A x ICSV WYOJII I I .8 l l  nnd SPSPI'H 94llll2A x 

ICSR 9 ~ 5 ( 1 . 6 6 )  e x h i b i l d s h n b n t p u ~ i ~ i v e  SCA elTecls. Among the ten hybrids relecled during rainy seuuln, 

Rve hybrids were develnped on postrainy seanin.brod r ~ i c l a n l  female WrenLs, lhree were bnsed en suhcuplible 

b r d  femak l lnaand t w  wredeveloped on rainy seasun.bred raistnnl female l ine. Oflhe nine hybrids relecled 
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Figure 23. General Combining Ability (GCA) effects for 5th leaf droopiness (cm) 
of parents in rainy (EIK) and postralny (EIR) seasons 



during pn~lrainy season, l r o  were dewlnped on susctplible bred Rnlitle l ine, four were de~elaped on pertrainy 

renson.bred reistanl hmale lines and three were based on ruin) aeanm.bred resblanl fenlale l i n r ~  (.hble 151. 

4.5.9 Unifurmity in Recovery 

The l insand lalene\l~ibiled silmiflontiy lhigl~ I iCA  etTecWduring rainy and postrainy seasons. 

The estimated l;CA erect? ranged Run1 .I54 In 116 during rainy rearon. and R,,n1.0.7i lo  1.20 during pnrlr;~iny 

wason (Table 12; Fi~.141. 

Among lina, SPSFK 94002A (.O.JSi, SPSFK 940111A 1-11.621, SI'SFK 941131A (.1.54), SI'SFI'H 

Y4002A 1.0.761. SPSFPR 94005A (.0.76), SI'SFPH Y4007A (.l.l8l in rainy se;lron ;lnd SI'SFK YJIIJAII (.II.7Il. 

SI'SFI'H Y40112A (~11.601, SPSFI'K 940117A i.0.651 and ICSA 10 (.0.46l i n  pnslr;liny retlrun exllil;iled rignilir;~nl 

nqali\el;CA eRwLs Idairablel. Of  lllesix kmule liner roicled during rainy ae;lron, lllree were Ron1 rainy re;l.;nn- 

bred rabl;~nt fenulla liner and l i~ree s'ere I'ronl plalrain) aum.bred reaialanl fi.nl;,le lines, Of  l l ~ e  Rlur l i n e  found 

wperier during p1nlr;liny actlaen, one ..;IS from riliny 5eaxln.bred rerial.ln1 feniille line, tune Ivua from auareplible 

bred female lines and h o  Mere from pa*lr;~iny ralron.hred re,irlanl fea;;lu liner. 

'l'erlers, ICSV 88088 (-0.98 in rainy and .11.46 in pnrlrainy srarnnl, ICSK Y311JI I.I.III and .11.431, 

ICSR Y.1011 (.0.12 and 0.711 ;and ICSK YJ0ILl I.I.II1 and .0.551 shored lhiyll \iynilicant neyrtibe IiCA 

eWc$(derirablel. Amony the f r~ur  Ieaterr found superior during riliny i ~ n d  p119tr;liny re;l\nns, filree were R I I ~  

pnslr;ainy sra\nn.adrpled hlndruces and one war from r a b h n l  bred realllrsrs. 

1'110 hybrid~exl~ibiledshni~ran!iy diBrrnlSCA ellecLs during rainy and perlruiny asdu#ns. 'l'lte 

rdnge oferlimaled SCA eBcB  war from .l.S0 lo  1.53 and from .2.09 I t )  2.85 during rainy and poslrainy +esvlnv 

rerpeclively ITabk 15). Amung lhe bybridr,SI'SFR Y41ffllA x ICSH 90005 1.1.50), SPSFPR Y41107.A x ICSH 900lIS 

(.1.221, ICSA 10 x ICSH 89076 (.157), SPSFH 94031A x ICSW 93031 I-1.51l.SI'SFI'H 94005A x ICSK 931109 1. 

I.&), SPSFK94002A x ICSR 93031 (432 )  and SPSFPW 9 l O l A  r ICSR 89076 1.1.30) in rainy re;lslln und ICSA 

8WOI x ICSK 93W9 1.2.G9), SPSFPR 94001A x ICSW W 0 1  (.1.04), SI'SFI'H 94001A x ICSH 911001 t.I.XS),ICSA 

ax lCSR WOI4(.lfjl),SPSFI'K94005A x ICSR 930(19 (.I,7I),SPSFW 94U13A x lCSR YO005 I.ldSI, lCSA 89001 
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Figure 24. General Combining Ability (GCA) for uniformity in recovery (1.9) of 
parents in rainy (EIK) and postrainy (EIR) seasons 



x ICSV 112 (.IS6)SPSFR 941131A ri ICSH 93031 (.IJ4l, SPSFI'H 9 4 l l O l ~  x ICSV 8 9 1 1 ~  f.1.541, SPSFK 94002A 

x ICSR 89076 i~1511.ICSA 89004x ICSK 93il11 (-1.47) Slnd ICSA 90002 x ICSR 90005 i.1.43) in postrainy season 

,bowed highly sipnilicanl negalire SCA elTectJ Idairabll l . 0 f  111e reven 11) brids R~und superior during rlliny 

reason, three were developed on rainy redrnn.bred resirtan1 Cmule lines, three Mere based on postrainy svdnln. 

bred raCbn t  female l i na  and one *as der.elsped en susceplible bred female line. Of  the hsehe Ihybrids selerled 

duringpwtminy w n , t l l r e e  \)'ere de~eluped on r;iiny seasen.bred rcrislanl kn~;l le lines, four \!ere de\.eiiped on 

poslrainy seasen.bred resistant female lines and fi\e .ere devel~~ped on rurreptible bred fenlalr lines. 

I.inw and testers exhibited signilirnntly dimerent (;(:A eiTerts I~IIIII during r;liny ;and po\tri l i l~y 

*e;lanna. Among lines and lerterr the estimiltes of I iCA  elTeulr r:;nged l'n1111 .11.26 10 0.42 fr;;in) waailnl ;rind I'ro~n 

-11.63 lo  1.33 tpnrtrain) seiasnl ('l'allle 13: Fig.251. 

Lina, ICSA 20 (0301, ICSA R9tl0l I0.421, ICSA K90ll4 (fl.13) in rainy aeilhon snd SI'SPH 'J4IiOIA 

(11.47) ;and ICSA 89001 t0.XOl in poslrainy reason exl~ibited aigniliranl p~ls i l i ju  (iCA ef ic l *  lde*irahlei. All llle 

lllree l inshndruper iur  during rdiny 5r;~utn were tt,~n~wcceptible Ibred Rmale lines. Anlnny lhe IHII Irtnnle lines 

4 w l e d  during p~alrainy reawn. m e  was from u i n y  aeaun.bred reri$t;~nl fen~ille p;lrenl and l l ~ e ~ ~ l l ~ e r  wnr frnm 

rureeptible bred female parent. 

Among leslers, ICSR 89076 (1.33) and ICSH YllllUl tU.3RI ah~lwed rignilicent Ili~ll (;(:A elfeclr 

idtiirablu) during pwlrainy seaum. Noneof l l le lerler, ahoa'ed aignillranl (;CA elkrla durinp rainy 9ranln. IllltII 

l i ~ e  mi lk  lines relecled during ruiny seasun were from ru,ceptible Ihred restorer liner. 

Statistically significant SCA elleea were found amang the hybrid< during rainy and (lortrainy 

mns. Among the hybriis, the SCA estimated elTerLq ranged from 4l.69 lo  1.28 (rainy seilrunl and .I.IiY Is 2.31 

lpcfitminy =con). 'me hybridr~howin~signifwnt hb11 positive SCA n l i m a l a  fdesirable) were SPSPI'R 94llfllA 

r ICSR 89076(138) SPSFR 94WIA x ICSR 93011 (O.ROI,ICSA 20 x ICSR 90005 (0,7Y),SI'SFI'H 94005A x ICSV 
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Figure 25. General Combining Ability (GCA) effects of total tillerslplant for 
parents in rainy (EIK) and postrainy (EIR) seasons 



XYOlJ 10.71) and SPSFI'K 9JOIIZA x ICSH 90014 (0.70) during riliny season and SI'SFR 94003A r ICSK 901114 

1?.31), SPSFR 94001A X lCSV 711 (2.09), SPSFR 94001A x ICSH 90005 (1.87). SPSFH 9411i11A x ICSW 9JOIO 

(1531 and SPSFR94031A x lCSR 90005 (1.44) during pOSlrainy scdaon ('lhbie 161. Of t l~ef ibe bybridsselecled 

during rainy srason, tllree were de,eloped on postrainy rasi~n.bred resistant female l ine, m d  one ban1 rainy 

seawn-bred r t i bbn t  female lines and one from susceptible bred female lines. All lhe fi,a 11) brids selffled during 

postrainy season were dewloped on rainy rean!n.bred resislanl female lines. 

4.5.1 1 Pruducti\,e Tillers 

The IiCA elFectsdifferedrbnillcanlly amnng Ilr liner and tmlrrs during b n l l ~  riliny and p~~a l r i ~ i ny  

seasuns. The estimaled I;CA efTects ranged frnm 4.07 lo 11.08 [rainy sedwnl and bum .li.JO tu 0.56 (porlrainy 

season) (Table 13; Fig.26). 

Noneefthe lines exi~ibiled \ignificanl I;CA elrect? during ritiny sennln and onl) SIISFK 940OiA 

(0.511 i n  pl*trlliny rearlln exllibiled rignilic;bnt poaitiie I;CA elrecla (desir;tillel. 'The female line nlund ruperior 

during postrainy se:wnn \us  fronl r;biny rea\,~n.bred resistant female lines. 

Among tstera, only ICSK 93031 (0.08) exhibiled Ihigll significant positive l;CA efTeel (desiri8blel 

in rainy seasun, and ICSR 891176 10.561 and ICSH 930119 111.231 showed signifieanl pnsitive I;CA efrects durint 

pltilruiny swum. D u r i n ~  rainy w~nmnnly the pn\lri~iny se;!snn.i$dilpled ldndr;tce tvas fnund superior, and anlong 

the two male lines selecled during portrainy season, one was from susceptible bred reslnrer and lllller wa frnl~i 

postrainy searon-adapled landracer. 

'The ihybrids dimered rignilicanlly R!r SCA emc$ during r ~ i n y  ;and postrainy $ern,ns. The 

eslimatpd SCA elfffls ranged belwren .034 I11059 during rainy senson and between .II.87 10 1.55 during pn,lrainy 

seasun (Table 161. Sinitiuant positiveSCA e k t s  ldtiirable) were noticed for SFSPK 940OlA x ICSW 93111 1 (0.59l 

and iCSA 90001 x ICSH 90014 (0.35) during rainy scason and SI'SFH 94002A rr ICSK 900115 (1.551, SI'SFH 

9 W 3 A  xICSR9W14(1.44),SPSFI~RY4005A xICSV 89015 (I,II),SI'SFR 9 4 A  x ICSV 712 (I.OII,SPSFPK 

9 W 2 A  xlCSV 88088 10.971. ICSA 89004X ICSR 93031 (081).1CSA 10 x ICSK 9301lll0.74) and SPSFK 94001A 



i ~ i ~ i g ~ ~ ~ i i i ; i i e s a e z i i i i  
r r t t [ d j [ [  a a a  ~ ~ B B B B B B B B  

Genotypes 

Figure 26. General Combining Ability (GCA) effects of productive tillers/plant 
for parents in rainy (EIK) and postrainy (EIR) seasons 



x lCSR93010(0.121 during pmtrliny w a n ,  Among I h e t m  hybrids found super l~~r  during rniny rnson.one x i s  

developed on rainy season-bred reablanl female parent and tlle ulller was de~eloped on susrcplible bred female 

line. Ofthe eight hybrids found superior durinp pestrainy seaslln, four hybrids were baaed on roiny aas11n.bred 

resislant female parents, ljvo were developed on pohtrainy sesson.bred resistant female lines, and two nere 

dewloped on susceptible bred female linea. 

4.5.12 Yield (UNI) 

Linaand te*lersdifferdrignilic~ntly for I iCA eRwls in yield during r;tiny ;tnd p,~btr;liny aearons. 

TheertimaldeAeeLsof1;CA r a n g d h l m  4 5 9  111 9.i1 in rainy mson and from .111.60 I s  11.26 in poa1r;liny u u w n  

(Table 13; Fig.27). 

Lines,SPSFKPlOlA 13.981,ICSA 89001 19.171, ICSA 911002iJ.131 in rainy atasen,nnd SI'SFR 

VJOOlA i11.261 in polrain) reason exhibited aipnillcsnlly lhipll pesiliIe I iCA  eflvcts (deairnl~le for yieldl. I I f l l ~ e  

tllreelinesselcted in ruiny ro;l*on, one \!as from rniny se;$ron llred resislant lemnle lines, end In,, frl~nt susceptil~lr 

bred female liner. I n  poalrainy se;lssn, 11nly one roiny seascln lrred rerislanl fenl;ile line wia filund superior. 

Amonp terlerh, ICSH 89076 14.301, ICSR YIIOOS (5.90) in rainy beasen and ICSV XYOJO i6.JS), 

ICSK 93011 (Y.09), ICSK YJOOY (6.161 in psstrainy seabun exhilliled r i~n i l i ran l ly  hiph pl~ri l ive 1;CA dRcla 

ldesirablefur yieldl. I lnr l~  the Inale l inesselctd during rniny srason were from auacaptible brad restorer lines ilnd 

among Ihe th r~ma le  linerselpeld during pllalroiny w m  twu were from pwtrainy season-udapled I;lndri~ce\ und 

one from resistilnl bred restorer lines. 

Signilionl SCA effects werenolicd fur lhybrklsdurinp miny and pwtreiny se;~r~mr.Tl~e erlimatrd 

SCA effkaranped from .18.1IX la 57.69 in rainy reruln,ond from .42.66 111 51.113 i n  psslruiny rearon I'Pdble 16). 

The hybrids with hip11 signiflrant positive SCA eiTecLs ldnirable fur yieldl were SI'SFH 94UOIA x ICSH 93011 

(37A9),SPSFPK9400lA xlCSR 90005 (24.031, STSFR Y4001A x ICSH 89076 (16.911,SPSFPH 940O5A r ICSR 

SWl6[1482), ICSA 20 x ICSR 89016 (13.691, ICSA 89004 x ICSR 93031 111.75), ICSA 7.0 x ICSR 931131 [ I  I.Sdl, 
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Figure 27. General Combining Ability (GCA) effects of yield-UNI (gjplant) for 
parents in rainy (EIK) and postrainy (EIR) seasons 



SPSFPR 94002A x lCSV 89030 lll.291, SPSFR 9403IA x ICSR 89076 (10.67) and ICSA 911002 u ICSV 89015 

(10.33) in rainy w n a n d  SPSFR 9 W l A  x ICSV 712 157.03)~ SPSFR PJUIIJA x ICSR 89076 147.681, ICSA 9nnnz 

x ICSR 90002 (37.19). SPSFPR 9400lA x ICSR 90005 (35.981, SPSFPR 94007A x ICSR 93031 130.JSl,S11SFPR 

940OlA xlCSR 93010 lM.661, ICSA 20 xlCSR 90002l25.731SI'SI;I'R 9400lA x ICSH 89076 124691, ICSA 89(101 

x ICSR 93009 L24.291, SPSFPR 94002A x ICSR 93011 123.9l1, SPSFH 94003A x ICSR 93010 (23.151, SPSFR 

94002A x ICSR 93011 I22.431, SPSFR 9JOll3A .i ICSR 93011 I22.IJl and ICSA 90002 x ICSH 9301 I (IY.971 in 

pvjtrainy sawn. Ofthe ten Ihybridr Wund superior in rniny win, rllree were developed on p~nl r i~ iny sa~rnn.bred 

rektnnt female lines, three were developed on ruiny sean~n.bred reristilnl fernills lines, nnd fnur .ere dejei~iped 

on susceplible bred female parentr. Amung tlle fourteen 11) brids heleeled during plfilrtlin) reialln, fi1.e eere 

developedon rainy uason.bred resbtnnl female lines, lireu.oredekel~~pcd on pllalrainy rens~n.bred reisIan1 fenlille 

lines, and four were deleloped on .wssprible bred female lines. 

4.5.13 Yield ( I )  

Tl~el iCA e k h  \Yere Rlund rignilic.~nt Rtr lines rnd leslers during rainy und porlrainy aodvlns. 

'I'he estimated (iCA eWeert~ ranged betwren -2.98 tu 4.68 in rainy reilaen m d  Ihekeen .11.17 111 8.98 in portriliny 

season (7abie 13; Fig.2RI. 

Among (inti, SPSFK YQNJ2A (4.681, ICSA 89004 (2,451 in r;#iny ,mum, and S W "  940011 17.93). 

ICSA 20 (8.98) in po5lrainy w u m  exhil~iled sibnilicnnl perllive (;CA ellecls Ideairable fnr yield). Amung the le l l  

linesselected during rainy end porlrainy aej1solns, ,me wur from rainy sena,n.bred rerktnnt female liner und Ille 

other was from rurceplible bred female lines. 

'l'esleo, ICSH 89076 (2.681,ICSK VOWS 13.05) and I('SH 90OlJ (2.52l in rainy rea5lm, and ICSV 

89030 (R.yl),ICSK 93009 (493) in pcalrriny rulron exhibiled signilir;~nt psrilive 1:CA elTectr (dniruble for yieldl. 

AU llle tllree testers selected during rainy sersaln were from susceptible bred reslsrers. I)uring pl~slrniny season, 

one revbtant bred restorer, undone pelrniny searon~adaplcd landrace \\ere found superior. 
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Figure 28. General Combining Ability (GCA) effects for yleld-l (glplant) of 
parents in rainy (EIK) and postrainy (EIR) seasons 
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Figure 29. General Combining Ability (GCA) effects of days to 50% flowering for 
parents in rainy (EIK) and postrainy (EiR) seasons 





tile ten Ihybridssekted in rainy seasen, Ohur lhybrids werede!eIl~ped on rainy senson.bred resirlsnt fem;ale lines. 

four Mere developed on postrainy season.bred resistant female lines and two sere develaped on susaplible bred 

female i ina. I n  poslrainy season, of twenty six Ihybrids found superior, nine i~ ib r i ds  ,rere daseloped on rainy 

wson.bred resisbnt female lines, oleten hybrids were deteloped on pertrainy seanm.bred resbtant bmale lines 

and six lhybrids weredneloped on sureplible bred hmale i ina. 

4.5.15 Plant Height 

Tlle t;CA e1YecB w e  found signific;hnt among the lines and leaters during rainy and pctstruiny 

seasons. The utimated 1;CA elTecLs for rainy se;tnln ranged between .311.12 Is  47.25 and for postrainy rearon 

between .IR.91 to29.14lTable 13; Flg.30). 

I.inc nith sipnificant ihigll pesitire 1:CA eflects Idairable) ,\ere SI'SFR 941101A 113.151, SI'SFH 

V403IA (11.071, SI'SFFH Y4005A 18.841 in rainy seusen and SI'SFR 94l l l lA 16.641, Si'SFI'K Y4iillIA 17.JYl. 

SI'SFI'K 9UIO2A 15.781, SPSFI'K Y4OOSA (9.00l, 1CSA 20 IX.86) and ICSA 8YllOl I12.3YI in poalruiny sunnm. Of 

the three l inc hundsuperior during rainy reilsnn, Inn were from rainy seus~~n.bred resistant female lines and #me 

was from poatrainy auuinn.bred rcistant ferndieline. Among lhe iix lines found auperilhr during portrain) reunsl, 

three ware from pustrainy wu~n.brpd resistant Amule liner, one was from ritiny $e;ln,n.bred reriabnt Lmule lines 

and twn were from surceptible bred female line*. 

Amrlngtaters, ICSK Y3lIJI 141.Y01, ICSK 93011 132.311. ICSH Y3OUY 136.YOI 2nd ICSH Y3OIlI 

147251 in rainy saum.and ICSK 93031 (20.1 11, ICSK 93011 (24.421, ICSR 931109 124.701, ICSH Y31i111 129.141 in 

portrainy wason exhibited signinrant positive t:CA el(pcts Idrirablal. Ail lile four teslers relecled during ruiny 

und postrainy aasuns were from postrainy season.nd;~pted iandrsces. 

Sbtiqtirnlly siynifirnnt SCA eflect.wenexhibibd by lhybrids during rainy and plntruiny reasnns. 

Amon# the hybrids, the estimated SCA eflecu ranged from 45.72 lo 38.14 and 43.44 lo 44.78 during rainy and 

pmlniny m r u  mpt i ve l y .  I h e  hybrids, SFSFK 9403iA x ICSV 8'4015 (3%.14), SI'SFR 9403IA x ICSH 90005 

(31.60), SPSFPR 94007.4 x ICSV 88088 (3150) and SI'SFH 94002A x ICSH 931110 119.63) in rainy r a m ,  and 



Genotypes 

Figure 30. General Combining Ability (GCA) effects of plant height (m) for 
parents in rainy (EIK) and postrainy (EIR) seasons 



SPSFPK 940016 x lCSR 90002 144.781, SI'SFK94001A x ICSH 93009 (31.69),SI'SF11K Y4ilil7A t ICSV 88088 

130.19). SPSFH 94003A x lCSR 93010 lZR.08), SPSFH 940OlA \ ICSV 89030 126.811, ICSA 20 t ICSR 90014 

(Uu05),SPSFF'R94WJA x ICSV 711 123.36l4SPSFPH 940056 xlCSV 89015 123.311, ICSA 8YOill x ICSV 88088 

110301, ICSA 90001 X ICSR 93009 117.67) and ICSA 90002 x ICSR 93011 117.391 i n  pastrainy seav~n ehhibiled 

siuniflcant positive SCA effects ldairable).Of the four hybrids found superi~hr during rain! seasnn, lihree aere 

developed on rainy season.bred ra i shn t  female lines and one wus developed on portrainy re;lstm.bred resislanl 

hniale line. Among the eleven llybrids fnund huperior during portrainy season, lllree nere developed en rainy 

seasun.bred resislant female lines, four were de!eloped on postrainy seasun.bred rr*ialsnt fem:tle lines and Blur 

vere developed nn susceptible bred female lines ITable 16). 

Tlhen~i~pnilude ~~f i~eteros is  exhibiled by I44 Ihybrids nver the mean orniid parenl, better parent 

; ~nd  check Ih l  35-11 for 15 \elected \ar i>~bl rs  d u r i n ~ r i ~ i n y  and partrainy seilrnns are pi+an in Tables 17 In 19. 

4.6.1 Early Seedling Viguur 

Heter~i5ranfled frem .60.11 tu 156.96 lminy) and .64J3 l e l I I . 95  Ipo,tr;~inyl over mid parent 

rnluti,from 65.67 lo375.'JJ(rainyl and .5O.DOt11375.Y4 Ipsslrainyl over the better parent ralues and frnm 65.67 

18 144.33 (rainy] and -71.75 tu90.74 lpurtruinylever lheclleck va lu~ r IT i~b ie  171. 

Ngative Ihelermis is d~iirable fenturr for shciit fly resiclanee as early seedling vigour is scured on 

1.9 scale, ahere I =  most vipurous and quick growing seedling and 9 e least vigorous and slow growing seedling. 

Only one hybrid,SIBSFR 9 m l A  xlCSR 9 N l l  ldevelnpd on rainy almn.bred ra is lnn l  bmuie parent) exhibited 

sipniflcant negalivc lhclerosb over tile mid parent during rainy seasun. While nnne of the hybrids shewed 

significant ntgative htteros* during postrainy wasan. 
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The lleternsis ranged from .63.14 to 148.36 (rainy1 and .63.71 111 359.28 Ipe~tra iny l  over mid 

parent value, from 42.68 to 1453.46 (rainy1 and 43.33 to JYR.80 ipnrlrainyl o w r  better parent %slue and frnm . 
46.80 to 246.80 (rainy) and frum ,3350 to 350.00 lpartrainjl over check. I n  ca9e uf ubrrinew al\o neg;~ti%e 

lheterosis kdairablefaturefor rhoat fly rabtance. t;luaaineu wsa scored en 1.9 >c;lle, nlhere I: csmpletely gla*ay 

and 9=non plnrsy. Nnne of the lhjbridr exhibited ,ipnilicanl negatite Iheternrir during lh11111 *earon* ('Table 171. 

4.6.3 Egg Count 

The lleterosis ranged frunh .63.B5 tu 251.72 (rainy) and .347.83 10 779.25 lpnrlrsinyi nrvr mid 

psrent value, frum 44.06 to 363.64 (rainy) and .71.79 to 2670 tp,htrainyl eser better ptlrent balue. hind frenl.19.94 

to 127.54 lr'dinyl ;and .80.34tn 247.86 lpo$lr;ainyl sver clleck ('Psble 171. 

I n  the care of epp count negdllve Ihetern\ir b dehable ur penntype* s i l h  nepali\e Iheler~nir 

recnrded Rner number e tqca plnnt '. Nnne 11f tile 11) bridr had \ipnilic;lnl nepalive Iheternrh during rainy ,eavm. 

I)urinp postrniny ~ m , ~ i p n B c a n t  nerdlive Ilelern\i\ wna shown by eleven tlybrida over mid parenl; live hybrid, 

over better pdrent and thirty libe lhybridr s!'er cherk. Among the% Ihjbrida, sign~lic;~nt high negative heferurir of 

~65.110sl1owed by SI'SFPK 94002A x lCbK 9~1tiOZ and SPbFPR 94007A r ICSR Y311O9 Ide\elnped Inn pn*trainy 

rmwn.bred rabtant  female line*] over mid parent; SI'SFR 94003A x ICSV 711 (developed on rainy reanjn.lhred 

rerialant female line) ever better parent; SPSFR 94003A x ICSV 88088,SI'SFR 94UOlA x ICSV 88088, SPSFK 

94OO3A x ICSR 90002, SPSFR 94003A x ICSR 93031 and SI'SFR 94003A x ICSH 90002, Idevetnped nn rainy 

wwn.bred rabtant  female lins),STSFPR 94005A x ICSV 89015, SI'SFI'R 94005A x ICSR 9301~1 i ~ n d  SPhFIII< 

94007A x ICSR 93011 (develnped on pn$trainy rearon.lhred re i r ldnt  female lines) n ler  che~k.  

Tl~us,lhree hybridsrl lo~ed significant hip11 Iheterosis 1665.00) oter mid parent, one hybrid over 

betler parent and scven llybrids over check ( M  35.11in postrainy Seawn. 



4.6.4 Deadhear ts  % 

During rainy sPason lhe beter~lsb ranged from .I l . IY tn 26.115 trier mid parent !;blue, f r tm .111.25 

fo345.55 aver beller parent rnlue and from .l lh.l7 11, 133.48 n%er cl~eck. I lurinu pn\ tn iny rp;awn Ihe I~eter~,si.; 

rmged from .4789 to40238 over mid parent, from 47.24 I n  731.03 over beller parent, and from -84.31 tu 70.1) 

over cl~eck (Table 17). 

I n  caae of deadhear1 %,negative lleferosis ir deairilble for rhoel 11) resirti~nce ;a penl~typer s i t h  

nmarivel~eleri~aii produced f e w  deadhearth. l lurinp rainy seawn. only one 11) brid erl~ibited signilicant n t p ; ~ l i ~ e  

I~elerssiG urer mid parenland check. None I I ~  the Ihjbridl rhosed rienilicsnt needti,e lhrter,~aia orer bellor parent. 

I luring postrainy season, four ihybridi o!er mid parenl: one ih)brid o\er better parenl; .~nd Iuenly eiphf hybrid* 

mer check shonedshnificant nep;lli\e Iheteraab. Anlong Illere Ihybrid*, ~ignil ic;~ntly Ihigh neg.$li>e helerori, of c. 

50.011 orer chwk wreerllibited by SPSPK 940113A x ICSV RXIIXX, bPSFK YJtlOlA x ICSV 8tXlR8, SI'SFR V40.IIA 

\ lCSV 712.SPSFKY4031A xlCSV880RS,SPSFK YJII3IA x ICSV XY1115, SI'SFH Y40II.IA k ICSK 9.11131, SI'SFK 

94IISIA xlCSR YSOJI,SPSFHVJIl3IA xlCSKY.IOlI,SPSFR Y4IlJIA rlCSR1J3011Y.SI'SFK Y41131A r ICSK V3lllll 

;!nd SI'SFK Y4001A x ICSK Y3I109 idereloped on rainy seasnn.bred rcsi\f.lnf len!;;le parent), and SI'SFI'It YJll02A 

Y ICSV H8(IR8, SPSFPR 94007A x ICSR 90002, lrPSFI'K Y4(102A K ICSK 9311111, SI'SFPR Y4l1115A x ICSK 9301 1 

and SI'SFI'K Y4005A x ICSR 93010 ideveloped on p0slr;liny ses!~~n.bred re<irlant female aarentl. 

Tllus,during rainy season nune ofthe lhybridsshuwed sipnilicantly lhiph Iheternbi* ipSfl.[IUl over 

mid parent, better parent and check. I n  porlr;liny serslm, noneof tile lh)bridssl~uwed significantly l l igl l  nep;lli\e 

llelerosis of c.50.00 either over mid parent or better parent, l lu t  airteen Ihybrids recorded !ignificantly lliell 

llelerosis lp50.00I e\er check 

!hl 35.11. 

4.6.5 T r i c h u m e  Dens i t y  

During rainy season, lhe hetorohis ranged from .1110.00 to 847.58 over mid parent value, from. 

100.00 to 373.64 "per better parenl value and from ~100.00 lo  75.03 utrr check. I luring postrainy sensoq, the 



lheteruais ranged frem .I 10.00 to 455.95 nrer mid parent, frem .I00110 111 177.98 eter better pilrent, and fr~nm . 

100.00 to 111.17 nver clheck(Table 171. 

For trirhomedensity,pesitive Iheter~ab isdesirable fnr \hoot ny resirtance as number of lr ir l~omes 

on leaf surface influences tlne ovipnsition nf  slh~not tly and subsequent larval nlorement. I lurinp rainy aeason, 

significantpmitive heterosir \ a s  recerded by clew lhybrids over mid parent; six Ihkbrids ever better parent and 

one lhybrid aver check, and during postrainy season by fitrty three In) brid, lner  nhid parent; lifteen lhybrids erer 

better parent; and thirty lhybrids orer check. 

Among these lhgbrids, rignilicantly hi$@ positive Ihetennrir 1nf~11111.110 war exhibited by SI'SFI'K 

VJ!IIIIA x ICSR 89076, SPSPPK YJOOlA r; ICSH 9II0IJ. SI'SFPH 911105A xLCSK 9llOllZ;hnd SI'SFI'K YJIIIISA x 

ICSV 89015 lde~eloped Inn p~;strainy reasen bred re.;ihtant fenhale pnrmtl, lCSh  10 x IChK Vl11102, ICS.4 Ylltltll 

x ICSK 89076!de1olnped on susceplible Ilnl,hle lines! over nnid parent; SI'SPPH YJIIOIA x ICSK YIIIIIJ, SPSFI'H 

YJOIISA x ICSR YOIIOI, tdeveleped on p~~ r l r d i ny  var~hn.bred rerist;~nt fenhale pitrent1 w e r  better p;hrent in r;~in) 

reason and SI'SFR 94Q03A r ICSK 4111102, bl'SPR 941131A k ICSK 911002!derei11ped IIII rainy ae;~\on.i~red rerishnt 

female lines), SPSFI'H 94005A x ICSK 9301 1,SPSPI'H YJOIIIA x ICSV 891130 (desehnped un pl~<trsiny >eaun.lnred 

r ~ h t a n f  female l ine)  over mid p;trent; SPSFK 941131A x ICSK 90001 1derel11ped on u i n y  sea*en.l)red reai\t;lnt 

female line], SPSFI'H 9400SA x ICSV 712 (developed Inn pnrtrainy seasen-bred reii.;l;lnt L m l l e  line1 ever Ihetler 

parenl; SPSPK 94031A x ICSR 90002 (developed on rainy reasen.bred resistant female line], SI'SFI'N Y41101A 

r lCSK  90005, SPSFIJH 94001A x ICSH YOlll4, SI'SFPH YJOOlA x ICSV 88088, SI'SFPH 941101A x ICSV XY1130 

Ideveloped on postrainy season-bred r ab tan t  femltle linesi over cheek in  postrainy soawn. 

'rhu,si~nificanlly lhigl~ positive lheter1~bof~i011.00 exhibited by aix lhybridr over mid pitrent; hvu 

Ilybridsover better parent in  rainy season and none of lhe hybrids showed lhigl~ positive lheterosis oror check. I n  

postrainy seacon, Four hybridsover ma parent; two lhybrids over better parent and flve lhybrids uver cllerk l h l  35. 

I I showed significantly ihlgh positive heterosis (~l00.001. 



4.6.6 Leaf Parsmeten 

Correialiun studies revealed sipniticant neputiie correlation of 1e;11 paramelen leaflengtl~, 

S1'lenf *id111 and 5'lealdrwpinen nith shmt fly paranleters. egg cuunt planl.' and de:tdheart 0. Hence fnr rhnet 

fly reskbnce, posil iw lhelerosi5 is llhe desirable feature in care 01 5'Veaf length, 5" leihi o id lh  nnd 5'h leaf 

droopines ('Table 18). 

Ilurinp rain) araron tihe Ihelcrosis ranped frnm .J4.02 111 55.IY aser mid p;lrenl ;rind t o r n  -55.57 

InJJ.16 e w r  belfer parent, and frnm .60.37 In 49.76 ever check. I n  pnrlrminy seihsnn, lhe lhrlert~aic ranged I'rna 

.60.36 to 25.16 ~ r e r  mid parent. frnm 43.92 10 1247 o w r  belter parent, and frllm 49.37 111 37.11 nber ci~eck 

[Table 18). 

I n  rainy w n , n s n e  ufflhe lhybrids recorded ripi l ic;ml pnsilhr Ihelen~ris e,er mid pnrenl. lbetter 

nllrent and check. I n  plnlrniny *aon,sipnilic;~nt peil ive Iheterusis !!a5 exlhibited b j  three Ihjbrids over mid parent 

and ten Ihjbrids o ~ e r  check. I n  p;!slralny reursn, a aipnilicant Ilipll positive lheterilsis o1?25.00 wils exhibited by 

SPSFR 94031A x ICSV 880WU Ideveloped on rainy sasnn.bred reaislihnt felllalo parent), SPSFPH Y4ilil2A x ICSK 

YOil0.Z (deveioped on postr;ainy seasnn.bred resislanl femihle p;~rentl over mid parent; SPSPK 9400iA 1 lCbK 

'43009 (developed un rainy redson.bred rerirtanl female linesl, SPSFI'K '4JO02A x ICSR 93031, SPSFPR 930i15A 

r ICSH 93011, SPSFPH 94iIiISA x lCSR YJOIiI, SPSFPH 94002A r: ICSH 90002, SPSFPH 94007A x lCSH Y.1i11 I 

ideveloped an puslrainy sesrnn.brad ra is tsn l  female pihrmll over check. 

Thus, during rainy season none of the lhybridv exhibiled sipnifirant pusitive heternair over mid 

parent, better parent and check. Ourinp puslrainy season sipnificanlly lhipll positive lhelerosis of d5.00 war 

exhibited by two hybrids over mid parenl and six lhybrids over check. None e l  lhe hybrids hllored si~nif icanl 

plaitive heterosis over better psrenl. 
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4.6.6.2 Snh Leaf Width 

The h e t e r ~ ~ b  ranged frsnh .3O52 to56.40 (rainy1 and .S1S5 te I24.IIl ipat r i i iny l  tnver mid ptlrent 

~ l n d  frlhrn L l .33 to 47.86 irainyl and -611.35 111 I11.II (pnstr;~in)l n jer  Ibetter parent, und lr~lnh .YX.U4 111 31.74 

(rainy1 and 63.31 I s  126.42 Ip~alr;hin)l ever cbeck. I luring miny sen\on aienific;~nt pn~*iti$e Ihcterosi+ wer  mid 

parent wisexlhibited by only cnne lhybrid SI'SFH Y403IA x ICSl l  YJllJl idevel~~pcd Ion r;lin) >e,l,~nn.bred rehist;~nt 

female parent). In postrainy se;lsun, none nnf 1I1e hybrid* ab~nwed rigniticanl p~ail ibe Ihetern~\ir over mid p:irmt. 

Ibetter parenl and check iT:~ble 18). 

'She beteruib rdnged frunh .JS.IB 111 70.82 ir; l inyl~lnd .44.Jll tu 27.97 ipostr;hin)l obrr nhid p:lrenr, 

and from .5S.RY to62.12 ir;~inyll~nd 4 1  411 111 2J.Yll Ipnatrilinyl nver lletter parent, and Iron1 .Y11.17 111 5.37 1r;lin) 1 

and .90.35 111 32.37 (poslrnin)) over check il'dl~ie 18). 

Significanl pibsitive hetern& n;hs exlhibited by ~hnl) 11ne ihyhrid ever Ibetler phlrenl in rainy aahron; 

one hybrid ober nhid parenl; three lhyhrids over check in psctrniny seaon. During r:~in) seasen, none horlihe Ihhlrridr 

showed silniticantly high positive lheterosir of>25.00 over mid parent, better parent and check. Ilurine p~l*trniny 

,wwn, SPSFI'H 9MOZA x ICSH YO002 ldeveluped Inn pll$tr;tiny ao;ln~n.bred re>i\lanl fem;rle line) ober n ~ i d  pjlrent. 

SPSFR Y4031A x ICSR 89076 (developed an rainy see~ln.bred resialanl $male parent), ICSA 211 r ICSK Y31131 

ideveloped on susceptible female parent1 ojer check exhibited sianitiranl puritive lheterosih iJ5.11111 

Thu,  nunoaftbe Ihybridsexhibited significantly h i g l~  positire lheturosis uf225.011 in rain) seaun 

and in postrainy w n , n n l y  one hybrid over mid parent and two hybrids ujer check exhibited sipnificantl) high 

posii i~e heterosis. 



4.6.7 U n i f o r m i t y  in Recovery 

The lhelerosis ranged ~ronl.62.011to71.49 (rainy! and -5381 1a281.47 ipcr~trainy) thver nlid p;irenl, 

from .74.46 to219.16 (rainy) and .50.00 1~1319.16 (psslrainy) over beller parent, ilnd Irum .hJ.I'l 111 108.25 Ir;~iny) 

and .111.01 In 133.33 Ipaslrz~iny) over check r;hluel'lable 181. 

For unifnrmily in reccner), needlive Lelero,ia ir ;! deair;sble Lit lure sr the l rs i l  ir rnbrcd t ~ n  1.0 

scale (where I was given fur Iheulllly, undamaged planb wit11 g1111d recoier) in growtl! ~ufibll pi.~nts oler 111e plot, 

while9 wasgiven Ior hnhril) dum,~eedplanlr in entries will) no tillers). Sienilicant neajlive Ihclerori* ,va* rrhilriled 

ihy ,even hybridsuver nlid parenl; eiglll Il)bridrewc Ibetrer pjlrcnl. htnd Isalve It!I>rid\ oter cheek ill r.~iny 9e:;ron. 

and tw11 hybrid, over check in pu,tr;liny wawn. 

Slnilirantly hieit newli5e ihelero~iro~~.511.00 \r;l\ exi,il,ited b) SI'SFH 94113iA h ICSV no1115. 

SPSFH VJ001A r lCSR 89076, SI'SFK 9JlllllA k ICSH YJ03I,SI'SFK'l41102A r ICbK YJIII I ,  SI'SFK 94fI3IA \ 

ICSK 93031, S I IPK  9403lA x ICSR 9301 1 i de~e l~~ped  tln rain) reas~~n.bred resisl.~nl fentale parent1 over ntid 

parent; Sl'SFR YtDillA x ICSR VJOJI. SI'SFH Y40IIlA x II;SK 93011, SI'LFH 9JIl3IA x ICSIt 931131, SI'SFIt 

YUlJlA r ICSK YJII1I ide\elepedun rainy wbson.bred rai\l;~ntfenl;lle pdrentl over lbelter pdrent; SI'SFH 94llJl A 

x ICSF 891115,SYbFKYJUOIA xlCSKX91176,SPSFKVUIfl2A xlCSH Y31!Jl,SI'SFKY4III!lA xlCSK V3llll.lrl'bt I< 

94001A x lCSH 93031, SYSFK 94DOIA x ICSK V3ilOY, SPSFK Y41101A x ICSK 930111, SI'SFK 94llJlA x ICSI< 

93031, SPSFK 9403iA x ICSR VJOII, Sl'lrFR YIOJIA x ICSI< YJOlti Idu\ell,ped sn ruin) sesron.bred m i r t nn l  

female parenfs1,SPSFI'H V4OIBA x lCSH 93111 I, SI'SFPH Y40USA x ICSX YJi)lO idewloped on portruin) reawn- 

bred resistant female lines) over check in rainy seawn. 1)uring p11,Irainy searen, none oftl le Ihybrid, sl~awed 

s i~ni f icanl  negntivr lheterosis ober mid parent ilnd belter larent. The hybrids, SI'SFR Y4lllllA x ICSH VDUOl 

Ideveloped on ruin) season.bred resiatanl female parenl! and SI'SFPR 9400IA x ICSK 93illO (developed en 

postrainy -n.brd raislanl female parent! showed sienlficnnlly lligh negative Ileleru?b over the check mlue. 

The,s~ni fmnt ly  h i l t  nop;lti,e heterosknr~50.00 rv~rsexllibiled by six hybrids over mid parenl. 

four hybrids over belter parent, ond twelve hybrids over check in rainy aasnn. I n  poslruiny sedaon, none or the 

hybrids recorded j i~nil icunlly high negative heterosis l50.00) aver eilller mid Parent or belfer psrent whereu, 

two hybrids sl~owed high nepnlite lheterlab over check. 



4.6.8 Tutal Tillers plant.1 

'The beler~~isorer  mid parenl ranged Inmm ..I650 111 75.82irninyi ;and .35.59 lo  Ih6.l.I lpastr;;inyl, 

aver betler purenlfram .40.12 lo I l l 5 9  Irziiny) and .69.01 lo  2117,VX (pe\truin!i. ;and aver cl~eck value iron? .UX,17 

to 116.88 (rainy) and 46.49 lo  1110.61 lpctrlr,tinyl ('hble 18). 

Sipnificanl positive llrlerliris Ide i r i I le  for recover! r e ~ b l i ~ n ~ c l  \1:11 e\ l~ i l~ i lc t l  by seventeen Ii!brid\ 

over mid purenl, twenty lhybridrllver lheltcr p;trenl, twent! It!llrid.; (her check in rzlilly au:l\on.:lnd fifteen lhylrridr 

over mid p ren t ;  eiylltcen Ilybrida lover betler pdrenl; i ~ n d  fire Ihybrid, lwer cllerk in porlr;liny ~YI(IIII. 

I)uring rlliny beasnn aignificantly hill8 ps*iti!e Iheleroai5 nf~511.llIl w;lr exllil~iled ir! llle It) brid,, 

SPSFK 94002A r ICSR 89076 ide~eloped an rainy s~d,sn.brsd reri,l;%nl bm:tlr liner), SI'SFI'K 9111111A r IC\H 

93010 Ideveloped on poalr;tin) iea,on.bred reaist;lnl Lm;lie iinesl. ICS4 211 \ ICSIt ~lIIIIII2, ICb4 XVlllll r ICSIt 

90005, ICSA 900112 x ICSN VOll02 tau\ceptiirle Ln1:lle linerl trier niid parent. SI'SFH 9111124 x I(:SH X1J117n 

(developed on r ; i i )  seas,m.bred re$irl.$nt lenlale linssl, SI'\FI'H 91llllI A x ICSK Yll0lJ. SI'SFI'K YllIlII A r ICSH 

931110 (developed on pns1r;lin) se;;vm.bred rrrbl.lnl femnle linerl. ICSA XYIIOI 1 ICSI' XYII30. ICSA YlIIIlIl x ICSV 

71?.ICSA 20x ICSRV0IIO2,ICSAlIIxlCSH 93005,lCSA X90lll r lC>K 900l4, ICbA X~l l l l4x ICSK 9llflO5, ICSA 

90002xlCSH 901102, ICSA XY00l xlCSK93031, ICSA 89001 x ICSK 930lO (durrloprd on ruaceplible km l l a  Itne,l 

over better parent; SPSFK Y4003A x ICSV 890311 i ~ n d  SI'SFH 94002A x ICSH 891176 (developed en rainy ae.hlln. 

brod re i t lnn l  female lines), SPSFPH 94UUlA r ICSK YOIII4, SI'SFI'K 94002A i ICSH 89076. SI'SFPH VJllll2A x 

ICSR 90014,SPSFPH 91UOlA x ICSH 93010, SPSFI'K9UI02A x ICSV $YO15 (developed on ps,Irain! sa;~snn.bred 

resistnnl femnlelinet), ICSA 89001 xICSV 88088,ICSA 8Y001 xlCSV 89030,ICSA 20 r ICSH 9lll1112,ICSA 1iI 

rlCSR90005,ICSA 89001 x ICSR 90014,ICSA 89004 xlCSK Y0005,ICSA 890111 x ICSK 93031, ICSA B90III x 

ICSR 93009, ICSA 89004 x ICSV 88088, ICbA 89001 x ICSK 931110and ICSA 89001 x ICSK 931111 (developed 

on susceptible female lines) over check. 

~ u r i n g  pustrniny serson sipninrdnlly high pnsilive helerosb 1280.001 \*us exhihiled by SPSL'H 

vdon2A ICSH 89076, s r sFR Y ~ U O ~ A  x ICSR VOOOZ, SI'SFH vannla x ICSR 8~076.  SPSFR VSOUIA x ICSH 



91H)02,SPSFR94031A XlCSR89076,SI'SFKY4(101A xlCSH931111 ilndSI'SFU VJIIJIA x ICSK 93llllY (t le~eluptd 

on rain) sewn.bred rabt;~nl female lane*), ICSA 211 x ICSV 712 (developed en ~urr rp l ib l r  Lnnble line>), SI'SPI'II 

940111A xlCSK 89076:lnd SPSFI'K 94007A x ICSK 89076 (de\eloped on pnilr;!iny rru*nn-bred re.rirbn1 fen~i~ le 

lines) over mid parenl; SPSPK 94001A x ICSV 89015, Sl'hl:K YJ0112A x ICSH 891176, Si'SFK 94OII1A x It'SI( 

YOOOZ, SI'SPK VJOOIA x ICSH 891176. SI'SFK YJIIIIIA \ ICSI{ Yllnoz. SI'SFK 041131~ Y I(XH 89076, SI'SI:H 

94IIIIIA x ICSK 93011 ideveloped Inn rniny ar;aon.bred rcai\l;lnt Lmnle line,), Si'SFI'K 94lilllA x ICSIt XYIl7h. 

SI'SFi'K V4007A xlCSK 89076 and SI'SFI'K 94007A r ICSK 'J.1tIli ide,elnped on 11ortr;liny re.~aan.lrrrd reri\l;~nt 

female linesl, ICSA 90002 x ICSK 931131, ICSA 8VllO4r ICSR Y3111I, I(:\A 2IIx I('SV 711. ICSA 890ill r 1CbV 

BXIIIX, ICSA 89001 x ICSV 89II3II, ICSA 20 r lCbK Y30dl nnd lCbA 8911111 x ICSK 93IIl I lds~einped on $u%ccptil>li' 

km.tle l ine) over Ihetler purent; ;hnd ICSA XYOllJ xI('SV XXI188;~nd II'SA 211 h ICS I  712 ldu\alnpud on wrccptil,la 

fen~nle linesl, SI'SFK YJIIOI A x ICSK 891176 (derelnpcd on rainy ac;~sun.bred re\i,l;lnt kn1;lle linel lnrer cl~erk. 

Thua, during r;liny reilron rignilicnntly IhiCil poiilibe heterllrir 1~50.11111 ,r;l> e~l l ib i l td  1)) r i \  

I~ybridq sber mid purent, toelbe Ihjbrid, o+er lbvtter p ren l ,  :tnd eial~tren lhybridr over ulteck, l lurine pn\lr:~in) 

ausen signi1ic;~ntI) high pnritivc Ilelernaia (~8II.IIUI *v;tr rcrclrded by tcll iiyllridr #war mid pilrunl; rl\leen Ihybrid* 

over better parent; and hto Ihyl~rid\ iwer check. 

4.6.9 Pruductive 'l'illers plant" 

I n  rainy serwm, the heloroh ranged from .47.00 to 73.33 lobar mid purunl), .J7.110 111 67.74 I ~ h e r  

betler parent) and.47.10 to 56.00 luter u l~wk) .  lluring psatr;lin) re;taan Ihe lhelerosia ranged from 49.81 to 3113.113 

lover mid parent), .66.511 to 303.011 lover betler parenti and 41.14 lo  298.51 inver clleckl ITrble 191. 

Signilienntly positive heterosb ldcsirable for T~CIII.PTY rtbbtance) ~ i l \ex i l ib i ted by four llybridr 

overmid paren1,thre hybridsorer betterpurent andone hybrid over thetk in riltny soason; eighteen I~ybr idr  orer 

mid parent, nine hybrids over better parent, and eight hybrids urer check in puqtrriny season. 

1)uringrainy suon,noneofthe hybrids exhibiled significantly high positive heterusb ofJ0U.00. 

I)urhE platrainy season significanlly high posilive heterusis lk.100.0111 H~IS exhibited by SPSFK 94003&x ICSV 
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89030, SPSFH 94OOlA 1 ICSV 89015, SI'SFH VJll03A x ICSH 900112, SPSFR 9400lA \ ICSH 891176. SI'SFH 

VMOlA xlCSK90002, SI'SFH 9431A r; ICSK 89076, Sl'SFK 94051 A r ICSR YJOll9 (developed sn rainy re;bnln- 

bred rshtanl  remale lineal, SPSFPH 94001A x ICSH 89ll76. SI'SFI'H 940112A r ICSIt 900112, SI'SFPK V4002,t x 

ICSK W I 4 ,  SI'SFPH 94005A x ICSR 90002, SPSFPK 94007A I. ICSR 89076 Ide,eluped en por l r~ iny reasnn.brrd 

rt iblant fenlale linti1,lCSA 89004 x ICSR 90002 ldevelnped un rusteplible female liner1 o!rr mid parent: SPSFK 

941036 x ICSV R9030,SPSFK VMOlA xlCSK 89076, SPSFR 9405lA r ICSK 891176, SI'SFK 9JlIJIA r ICSK 9.1009 

(developed Im rainy ae;a~n-bred re\ialant female lines), SPSFI'H 940111A x ICSR 901114, SI'SFI'H 94li07A x ICSH 

89076 (deleloped un portrain) a?ason.bred raiqlant female liner1 ever belter pilrent: Sl'bFK 94001A r ICSV 

89015, SPSFK 94001A x ICSK 891176. SPSFH 9400lA x ICSH 900112 (dekelllped on r:lin). se;lron.l)red re\irl;~nl 

female linti),SPSFPH 94007A xlCSH 891176 lde$eloped on pnstrainy aa~nln.llred rn i \ l .~ l l l  f'etn;~Ie line1 Iner check. 

Tllus, noneuftlle it) brids alloaed rignilicanll) iligil perilibe Ilrturwir 1211111.1l111 o\er mid p;lrml. 

llelter p'rent and check in rainy r?daon, allereas $igniRr;lnlly lligil pl~sil ire Ihelernrir (~10l1.11l11 s;,, r.xl~illiled ihy 

tllirteen i~ybrids ever mid parent: \ir ihtbrids s\er better p;lrent: four Ihtbridr In!er rlteck in portrainy run\en. 

4.6.10 Yield ( l iNI) 

I n  riiiny w n ~ n ,  the hetereai* ranged Ram -93.68 to 1117.95 (,ner mid parentl. 44.85 111 1127.75 

(over betler parent) and 43.14 10 1759.113 (ever check]. I n  peqtrainy senron, llte heleroais r;tnyud fronl 49.94 111 

180.93 (over mid parent], frwn 49.95 111 165.30 lover better parent), nnd f ro~n 49.94 10 IY1.60 ( I ~ j e r  cl~eckl 

(Table 19). 

Signiliamt pnsitite Iheterusis (derirable] eas exitil,itud by Rurleen Ihybrid, over mid parent, 

I l t irtwn lhyhridr over lheller p;irent,snd R~rty lhybrids crier cllauk in rainy ae;lwn ;rid l l l ir ly four lhybrids urer mid 

piirent,twmly four lhybridsober better pnrentand l l l ir ly six hybridsorer cbck in porlruiny reaaim. 

During rainy sersnn, significantly liigll positive lheteroab of 2200.00 was recorded by SI'SFIt 

94001A x lCSV 712,SPSFK Y4002A x ICSV 88088,SPSFR 94002A x ICSV 8903I1,SI'SFH 94001A x ICSV 711, 

SPSFK yP(HIIA xlCSV s9n30,und SI'SPR Y4002A xlCSK 89076(develnped on rainy seasnn.i,red resistant frmile 





ldeveluped on rdiny mwn.bred resktant female liner), SPSFI'R YlllOl A x lCSR 89076. SI'SFI'K VIIOSA x ICSR 

vunoz, SPSFPRYJ~OIA ~ I C S K Y ~ O ~ ~ , S I ' S F P K Y J ( I O I A  x ICSH YJIIIIY. SPSFI~H VNIII~A \ ICSK YsnJI, SI~SFI'R 

93005A I ICSV 89030 idetelepwl on pustrain) seaaun.bred rerirt;lnt lemttle liner), iCSA 20 \ ICSH 9110111, ICSA 

XVOOl xlCSRV0014,lCSA H9W4xlCSR 90014, ICSA ~ O X I C S R  Y311t19, ICSA HY001 \ ICSR Y3lllI.ICSA vll l l l l l  

r ICSR 93011 Ideveloped on auqceptible remale lineal u$er check. 

Sipnilicantly lhigll pnsitite heteroris 12100.001 st15 during rhliny rea.;nn s;ba erhibilrd Iby w e n  

Ihybrids n\er mid parenl: fire 11) brids o ier  better parent: and r ~ ~ r l y  11) brida uber check during r:~in) *~~)\CIII. 111 

pestrainy s a w n  aipnificanfly hill1 pnriti,e lieternair 1~11111.11111 war e\hibited I,) llhirlern I~)br idr  wa r  mid p;$rrnl: 

eight lhjbrids over better parent; i ~ n d  nineteen 11) bridr over check. 

4.6.1 1 Yield (1) 

I)uring rainy season, the ltaterh,ai\ Inter nlid pitrent r i lngrd Ironh .Y5.13 111 32I1J.3S, o5er batter 

Ir;lrenl frllnl .Y4.03 111 311Y.35 and n!er clteck frnnl 41.17 11, XW8.III. 1)aring plhtrhtiny re.l*on, the Ihetero\i\ (her  

Illid pnrent ranged Rllm .711.(15 111312.6i, t n r r  better pisrent Rnnt .78.57 111 3tJ3.lX ;!nd Iner check from .Hll.llh to 

2Y5.16i'hble IYI. 

Signilicilnt positire hetert~tb (de,irable) Bar etllibited b) lline Ihybrid* lnrer mid parent, like 

lh)bridso\er better parent,twenty tan Ihjbrid* o\er  rl8rr.k in  r i~ iny acawn; ar\anty *even Ihybridr o\er mid parent, 

twenty I~ybrids over Ibetter p;lrant, and heten Iltbrids loser check in  pmtr;diny \ehl\en. 

During rainy %&,on, significsntly l h i ~h  pusitive heterrais 1~11111.00~ a;tr exhibited Iby the lhpbrid*, 

SI'SFR YIOUIA x ICSV 89030, SI'SFH 94031A r ICSV 89030,SI'SFR 94002A x ICSH VOIIIIZ, SI'SFR Y4031A x 

ICSH 89076 (develuped on rainy seuson-bred reritlant female lines) o\er mid parent: SI'SFK 94002A x ICSV 

88088, SPSFR 9403IA x [CSV 89030, SPSFR 94031A x ICSR 891176 Idnellnped on rainy sras~m.bred resisfdnl 

female lines) over better parent; SPSFR 9400iA x ICSR 93009, SPSPH 94UOlA x ICSV 712, SI'SFR Y4002A x 

ICSV 88088, SPSFK 9 W I A  xlCSV 89030,SPSFR 94002A x ICSK 89076, SI'SFK 941102A x ICSR 90005, SI'SFH 



YJOOlA x ICSK 90014. SPSFK Y4003A x ICSH YOOI4 (de\elaped (In rain) sea*nn.bred rerirl;~nl len~;~le line*). 

SPSFPR YJ005A x lCSK R9076, hPSFI'K 94O07A x ICSW 93OOY ;hnd SI'SFFH 94IIOJA x ICSK VIIOIIS (dejeloped 

on poslrainj-season bred r ab tan l  female linesl, ICSA 20 x ICSK 89076, ICSA 20 r ICSH VIIOII5, ICSA 8Vllll4 x 

lCSK90005, ICSA 89004 x ICSR 90014, ICSA 20 r ICSV 712.ICSA 90002 x ICSK 9IIIIO?, ICSA V01102 r iCSK 

93031 and ICSA 90002 x ICSK 93010. ICSA XYOII4x ICSV 712, ICSA X9ll0.I x ICSV 891115 nnd ICSA XVOfll \ 

ICSK 93010 lde\eloped on *u$ceptible fem;lle linesl a\er check. 

During poslrainy bearon, rienific;hntly lhigll periti\e I ~e l e r~~* i s  11f ~1110.00 n;ls erhibiled Ly I l ~ e  

Ih)bridr, SPSFK9J002A xlCSV 712,SPSFK Y411111A x ICSV RRIIXR, Sl'SFK 94OII3A \ IChV 7i2,SI'SFK V4IIIIJA 

\ ICSV 89030, SPSFK 9 4 4 0 1  r ICSV 712, SI'SFK Y411111A r ICS\' XXIIXII. SI'SFI( 94I1111A r II'SV 11911.10, SI'SFK 

94031,\ x ICSV 89030, SI'SFK 94003A x ICSK 90~1115, SI'SFK Y40IIJA x lChK YI11114, hI'SFK V4IIJIA \ I(.'SH 

VIIIIIIS, SI'SFK Y41101A x ICSK 9311111. SI'SFK YJllllJA \ lCbK YJII.11, SI'SFI< V4111114 IC\K Y.1II.11, SI'SFK 

Y40lli \ x ICSR 93l l l l ,  SPSFll VJlllllA r ICSI< 931109. SI'SFK 94lllllA x ICSK YSII10, Sl'hbK Y403IA x ICSH 

YJOlflide\elr~ped on rainy se;lson.bred rerisl.hnl female p.lrent1; SI'SFPR YJIIIIIA x lChV 711,SI'SFI'K Y411112A 

x ICSH Y11014. SI'SbI'H V4001A x ICSK V3011V, SI'SFI'K V4OIII.A x ICSK 93l1111 Ide\ei~hped Iln pohlr:lin) fr:l$on. 

bred rhb lan l  female parmbi ,  ICSA 20 x iCSV 8V11311, ICSA 211 x Il:SK 931131 Idevrleprd (In \u \ rp l ib le  frrn;lle 

lines) oter mid parenl; SI'SFK Y4002A x ICSV 712, SI'SFU Y41102A x ICSV XXIIPII, SI'SFI( 94OlllA x lChV 712, 

SPSFK 9MUlA xlCSK930i1, SI'SFIl YJOOlA x ICSH 93010, SI'SFK 941131A x I(:SI( 9311111 idevull~ped on rain) 

re;son.bred resislant female parent), SPSFI'K Y4002A x ICSK 9111114, SPSFI'H 9411111,i x ICSK V.IIIIIV, SI'\FI'K 

Y4001A x ICSH 93010 ide\eloped sn prlrtrainy *e;aon.bred resisbnt hnhaie liner), ICSA 111 x ICSV X'11l311 and 

ICSA 20 r ICSK 93031 (developed 11n susceptible female parent) Ilver butler parenl. 

Significantly hi!& psili~eiheler1ni~sf~00.00 war exhibited b) libe lhybrids Iner mid p;hrenl, I se  

lhybrids mer  better parenl and lnenly l i ~ o  lhybrids mer  check in  rhiny seaalln. I luring pllslrainy rearon. 

aipnificanlly high positive helerosic i~100.00) \$;IS exhibited by lwenty lbur lhybrids nver mid pdrenl ;and eleven 

lhybrids over beller parenl. None of the Ihjbridr exhibited sipnificant high helerosis (2l00.001 ober check. 



4.6.12 Plant Height 

'Tile ilelerair ober mid pdrenl ranged fnlnl . l l d l  111 95.04 lrainyl and .22.511 Is 59.42 Ipeflr.~inyl, 

o w  betterptsenl fr0m.20.00lo71.02 lrainyl and .J6.36 to44.73 ipartrainyl.and oter check from -511.00 le 7.14 

Iralny) and 44.00 1058.01 Ipostrainyl (Table 19). 

Significanl posilibe iheterosb Ideairable) a;$< exhibited by \irty line Ihjbrids ~hser niid parenl. 

Issenly seven hybrids riser better parenl in rainy ae;iaen; l i l t) lone Ihjl~rids user mid purenl, ri\leen llpbrida eier 

better pdrenl and b u r  11) brids Iner check in portrainy season. 

During rainy sanln, \ignificantly ihigh pllsili*e Iheterorb of~50.011 !vhla exhibited by SPSFH 

~ ~ o o . 1 ~  r ICSV ~ ~ ~ ~ ~ , s P s F H ~ ~ ~ ~ ~ A  X I C ~ K Y ~ O O Y , S I ~ ~ F K Y U I O I A ~ I C S R  YJIIIIY.SI'SFK ~ 4 0 3 1 ~  x ICSH YJIIIII 

Ide,eloped on rainy rezu~n.bred reakbnt female liner), SPSFI'K 94l1111A r ICSV XYOIS, Sl'hFI'H Y41101A x ICSV 

XVOIS.~I~SFPK YMOIA LICSKYOIIO~~SI~SFI~H P~IIII~A x ~ C S K  VOIIIIS,SI~SFPK YJIIOIA x ICSH U.IIIII,SI'\FI~H 

940IIIA x lChH 9J(IIIY, SI'SFPK 940029 x ICSK 93IIIIY. SPSFPK Y1002A r ICSIt 9.11110 Ide\ei~hped sn pu\lrdiny 

season.bred reristunl female line<), ICSA 9001ll x ICSH 9.1009 (debeloped ctn ausueptible female line51 over mid 

parenl; SI'SFR 940llJA x ICSV 8YtliS tde+eloped by rniny ,eenm.bred resi,tnnl female linell, SI'SFI'K Y40lIIA 

x ICSV 89015,SPSFPK 94002A x ICSV 89015, SI'SFI'K 94OOIA r lCSK93Il~IY lde\elsped un plstr;bin) hemon. 

bred reai.itant remalt lines) uber beller pprent. None uf llle lhybridr sIw\red significant pcnitive ihelernais Inter 

clleck. 

During p~etrainy se;lum,si#nifiwnlly ih4l1 pmitive lhelermit 1130.00) wua exi~ibiled by lhe Ihyl~rid*, 

SI'SFH 94001A xlCSV 88088, SI'SFH 9403iA x ICSV 112, SFSFK 94001A x ICSK 901105, SPSFH 94UOlA x ICSK 

YJOlI, SPSFH 94001A x ICSH 93009,SPSFR 94001A r ICSK 93010, SI'SFK 940JlA x ICSR 93031 ldevelnped en 

miny ,wmm.bred rek lanl  female linel.SPSFPR 9P002A xlCSV 89015, SI'SFPK 94IIOIA x ICSK 90001, SI'SFI'K 

9402A xlCSW 9W02,SPSFFK9400IA xlCSR93031,SPSFPK94001A xlCSK YJOlI,SPSFI'K 94001A x ICSK 

93N9,SFSFPR 94WIA x ICSR 9.WI0,SPSFI'K 94002A x ICSH 93031, SPSFI'R 94001A r ICSH 9301 1, SI'SFPH 



94002A X ICSR90001,SPSFPR94001A s lCSR93031,SPSFPR9JOOIA x lCSR93011,SPSFPR 94OOIA 

x ICSR 93009, SPSFPR 94001A X 1CSR 93010, SPSFPR 94002A x ICSR 93031, SPSFPR 94002A x ICSR 

93011, SPSFPR94002A x ICSR 93009,SPSFPR94002A x ICSR 93010, SPSFPR 94005A x ICSR 93011, 

SPSFPR9400SA x lCSR93009,SPSFPR 94005A x ICSR 93010, SPSFPR 94007A x ICSR 93031, SPSFPR 

94007A x ICSR 93009 (doclopcd an pollrainy rcsrnn brcd realstant lcmalc lines), ICSA 90002 r lCSR 

93009,ICSA 20 x ICSV 712, ICSA 90002 x ICSR 90005, ICSA 90002 r ICSV 712 (dovclopcd on aurrcptiblr 

fcmdc Unts) oscr mid parcnl; SPSFPR 94002A x ICSV 89015, SPSFPR 94002A x ICSR 90002 (doeloped 

on poatralny reason-brcd rcslrtanl lcmsle linea), ICSA 90002 r ICSV 712 (dcvclopcd on susccptilrlc lcmalc 

line) over bcttcr parcnt; SPSFPR 94001A x ICSR 90002 (dcvelopcd un postrainy ~casan-bred rerirtant 

fcmalflinc) over rhcrk, 

Thur, ln rainy setson high posili\e hclcruris ~50.00) was crhibilcd by l l~ l r t r fn  hlbrids e\cr mid parent; 

lour h)brldr ",or bcttcr parcnt; and nonc u l  thc hjbrids shuaed high pasiti\c hetcrosis orcr  chcck. 

Signilicantiy high parili\e hetcrosis k30.00) rvas fxhibitcd by hycnty sctcn hybrldr o r c r  mid parent; thrcc 

h!bridr mcr bfllcr parcnt; and only on< hlbr id ovcr chcck in porlrain) acaoon. 

4.6.13 Days to 50% Flowering 

During rainy reason, lhc hclcruvir rsngcd from 4.24 to 6.22 (ovcr mid parcnt), from -11.17 

to6.21 ( o w  bdtrr parcnt), and from -1.37 to 9.22 ( o w  ch~ck+aiut). During pollrainy ~fason,thc hctcro!is 

rangod from -30.56 to 16.12 (ovcr mid parcnt),frum -611.00 to 16.12 (wrr hcttrr parcnt), and lrum .13.91 

to 9.13 (o\crchcck) (Table 19). 

During rainy acasun, non~althc hlbridr exhibilfd signinrant poritlvc heteroais (lor latonars) 

over either mid psrcnt or better psrcnt. Only onc hybrid exhibited signillcant porltivc hetcrorir ovcr chcck 

, SPSFPR 94001A x ICSV 89015 (developad on partrainy asnlon-brad rcalatant lcmslc line). Slgnillcant 

ncgativc hcternsil (forearlhers) was exhibkfd by SPSFR 94001.4 x ICSV 88088 and SPSFR 94001A x ICSR 

93031 ovor both mid and bflicr pannu (davclcpcd an rainy reason-bred rcsirlant fcmalc llncs). Nonc of the 

hybrldl exhibited slgnlficant n r g s t l ~ ~  heternsir ovor check. 



In  pmlrainy w n ,  significanl pllritire l~eterorir Ifor I;ltene%+l oser mid px rm l  !,:br eillibiled by 

the hybrids,SPSFR 91003A xlCSV 89015. SPSF H 94002A x. ICSH 900115, SPSFK 94003A \ ICSK 90002, b13SFH 

94001A xlCSR 8W76,SPSFK 91001A xlCSV 891115,SPSFH 94001A \lCSH 93009, SPSFH 9400IA r ICSV 8911311 

Idevell~ped on rainy season.bred rmblant female lines), SPSFPH 94001A x ICSV 712. Sl'bFPH YJIIOIA \ ICSH 

89076, SPSFPR 94007A x ICSR 89076, SPSPPK 94007A x ICSR 900112 (de~elopad en peslniny seaaen.brod 

resistant female lines), ICSA 90001 x ICSK 89076, lCSA 89001 x ICSV 88088, ICSA 8911i14 x lCSV 88n88, l c s ~  

89004 x ICSV 89030 and ICSA 90001 x ICS\' 891130 (de~aloprd on auareptible fem;ile liner). Signifir;~nt po'ilive 

lheterosiio\er better parent aaselllibiled by Sl'bFH 91003A xlCSVRYOI5,SPSFH 94001A x ICSV 89IlIS. SI'SFK 

940BlA x ICSK 93009, SPSFR 94002A r ICSH 9110115, SPSFH 94IIOIA x ICSK 891176. SI'SFR 94UlIA r: ICSV 

R9030 (derel~~ped on rainy reasnnhred re4slanl fenlale lines), SPSFPK 94llOl A x ICSK X9076. SI'SFI'K 910il7A 

r lCbK 89076, SIISFPK Y4001A x ICSV 712, hl'SFI'H 94005A x ICSV 890lS ldu,rl<~prd sun poa1r;liny \uaa<~n.bred 

lairtan1 female linei!. ICSA 89004 x ICSV XXIlUU, IC \A  89004 x ICSV 890.lll. ICSA 90ll l l l  I ICS\' 8911311. ICSA 

900112 xlCSH 89076 and ICSA 891101 L ICSH 93lIlI9 lderelllped an ~ ~ ~ c e p t i b I e  femillr iinet!. Sipnilir;lnt po4ti\e 

lhelernsis mer check sa exhibited by ICSA YilOfll r ICSV 8YOJO 1de\eloped an au\ceptible lenlrle linel, SI'SFH 

Y400lA r ICSK 90005,SI'SFK 9403IA Y IChl t  89076 (duvelllpcd Ion rlliny \erron.bred reri*l:lnt Dm,ile liner! ; ~nd  

SI'SFPK 94007A r ICSH 90001 and SPSFI'R 94lllllA x ICSV 711 Ide\eloped on po*lr;!iny <e;~\on.bred rerbtant 

female l ina i .  

I lu r inp pestrniny senson, si~nil icant negative Iheternrit (Inr e;brlinu*r! over mid parent "as 

exhibited by llte ilybridc, SI'SFI'R 94!112A x ICSK 9311111, SI'SFI'K 91005A r ICSK 93011, hI1SFI'H Y4IIIISA r ICSH 

Y31110,SPSFI'K 94001A x ICSK YIlOlJ(derulilped nn perlrilin) ,wuln.bred r p l i r l ~n t  fem;$le liner!, ICSA 20 x ICSK 

90005, ICSA 89004 x ICSK 90014, ICSA 911002 x ICSH 9tIlIII1, ICSA Yi1001 x ICSK 9IIIIlI5, SPSFH 94002A r lCSK 

93011, ICSAR9004r ICSR Y3031,1CSA89004x lCSK93010,ICSA Yi!ODlr ICSH 9301 1 Ideveloped #In ru\ceplible 

female lints!. Sipif icant negative helerosis eter better parent was erllibiled by SPSFPK 9411115A x ICSH 930IU 

(developed on postrainy roason.bred reslstanl femule line), ICSA 89004 x ICSK 90014 and ICSA 89004 x ICSK 

93010 (developed on susceptible female line!. Significant nqative helerusb over check v;llue wac exhihiled by 

S P S F R M 3 A  x lCSV88088,SPSFR94001A xlCSV 711, SPSFH 94WIA xlCSV88U88, SPSFH 94031A x ICSV 

89015. SPSFK 94001A x ICSR 90005, SPSFR 94001A x ICSH 90014, SI'SFR 94031A x ICSK 90005, SPSFR 



9 4 0 3 1 ~  x ICSR 90014. SPSFK 94nnzA x ICSK 93011, SI'SFK Y~IIISA r ICSH ~3031. SI'SFH 940II34 ICSH 

93009, SPSFR Y4003A k ICSR 93010, SPSFK 94111lIA x ICSH 931131, SPhFK 94OIIIA v ICSH 93011, SI'SPH 

9dnnlA x ICSK 93009, SPSFK YMOIA x ICSR 9snIn, SPSFK Y~OJIA r ICSH 9sns1, SI'SFK 9403IA r ICSH 

93011,SPSFR94031A xlCSR93009nndSPSFRPMSlA xlCSK 930IU (de~elnpednn rnin) ~:t~,n.bred ~e>i* lun l  

female lines), SPSFPR 9JflfiIA r ICSV 712, SPSFI'R 94001A r ICSI' RU088, SPSI'I'K YlUfllA Y ICSI' XVlllS. 

SPSFPR 94002A x ICSV 7I2,Sl'SFPR 9JOllIA r l C S V  88088, hl'SFPK 94001A x ICSV SYB30. SPSFI'K 94OOSA 

x ICS\' 712, SPSFPR 9J007A x ICSV 712, SPSFI'R 940074 r ICSV 8Xl)IX. SI'SFI'H 9401174 r ICSI'XY015, 

SPSFPK94U07A xIC\V 89030, SI'SFI'H 94002A xlCSK 90005. SI'SFI'K 941102A \ ICSH YIIIIIJ, SI'SFI'H Y41IIISA 

xICSH90005, SPSFI'HYUIIIIA t ICSH 9311.31, SI'SFPK94iIUlA x ICSK 931131. SI'SFI'K 940lllA r lChK YJOII. 

SPSFPK94902A xlCSR930111.SPSF11K9Jlll15A \lCSR9303I,SI'SFPH 941105A r ICSK YJlllI,lrl'SFPH Y411115A 

r ICSH 93010,SI'SFPR 94007A r ICSK 93031,SPSFI'H 94007A Y IChK')31111,SI'SFPII 940117,i x ICSK 930111 

ide!elupedon plhlrainy assn.bred m b l n n l  fem;lle linc*l. ICSA 20 x ICSV XUIIXX, ICSA 20 .i ICSV XVOIS. IChA 

2i1 ~ I C S V  ~IZ, ICSA~I I~  ICSV XYO~II.ICSA LIYUOI \ICSV 712, I C S  nynn1 x ICSY 8~015,  ICSA XYUI I~  x ICYY 

712, ICSA XYIIII~ \ ICSV XYIIIS, ICSA Y~IIIIIZ r 11:s~ 712, ICSA 9nnnz x ILSV nunnx, I C ~ A  i n  I c h e  ~ ~ 1 1 7 6 ,  

ICSA 20xlCSH 90002,ICbA 20 \ ICSlt 9illlil5,l~:SA 2% x ICSU 9UiIi4, ICSA KVlllll r ICSH 9UIIiI2. ICSA XYIIIII 

v ICSK VlIllO5, ICSA XYlIflI r ICSK 90014, ICSA XYllil41: ICSKYilOO1, ICSA XYflll4 x ICSH YiIIIflS, ICSA XYllil4 

~ I C S K Y ~ ~ I I ~ , I C S A ~ ~ ~ ~ ~ ~ I ~ ~ K Y ~ I I I I ~ , I C ~ ~ Y I ~ ~ I I ~ X I ~ ~ K P ~ ~ ~ ~ , I ~ ~ A  u11ei12 x ICSK YII~II~, ICSA 211 x ICSK 

V~OII, ICSA I n  x ICSK Y ~ ~ O Y ,  ILSA 20 r ICSH l ~ s i ~ ~ e ,  ICSA XYOIII x ICSI~ YIOSI. ICSA KY~IIII x ICSK u3i111, 

ICSA 89004xlCSHV3031,lCSA XYllfl4 x ICSK 93010 ;rind ICSA 91111112 x ICSH 931111 (durelnped Iln ru.cvpiible 

female lines). 

Thus, in  rainy s e a m  none o f  flte hybrids sl~oued ripnilic;tnt pwi t i te  helero,i+ (desirable for 

lalens>) either over the mid parenl nr beuer parent and only one h j b r i d  d ~ e ~ r e d  r iun i l ian l  positive Ihetera\is over 

chsk;ignii lantly nqr t ive I~eterosb jdesirilble for eariinss) was exhibilcd by IHQ Ih>Lrid< over mid parent; In11 

lhybrids over better parent; and none ufthe lhtbrids wordedsipnifir;~nf neaslive lheforo,is over check. I n  pertrainy 

m n , s h t e e n  hybridiremrded sipniticantly poslive heterosii over mid Varent; fineen Ihybrid, over better parent, 

and fire hybridsover c h ~ k ;  andsignificant nefiative Leterosii was exhibited by Ihirleen hybridsover mid parenl, 

lhree hybrids uver better parenl and sevanly five hybrids over check. 





CHAPTER V 

DISCUSSION 

Thc sorghum shoot fly,A. soccob is a major pest of sorghum in Asin causing acrcrc damsgc to the 

secdlinps and is an important )icld limiting factor in  both rainy and postrainy rcasons (Johvnni, 1981). 

Plantinu carly in  the rainy wason cn rh l c~  the crop lacscape l rnm rhuut fl) attack, as the crop xrows otcr  

the \ulncrabic rtagc (early sccdllng rtagc) at ahich l imc thc shaot fl) buildup i 8  low. The Ai l  India 

Coordinated Sorghum Imprnvcmcnt Proprantme (AICSIP) rccommcnds carly planting In the late part o l  

Scptcmbcr (mlddlo of Octobcrnomal sonine) in order to honct postrainy scaron sorghum pn,ducli$,ity, but 

thc shwl  fly buildup i c  hear y during t h i ~  pcriod in postrainy season. llcncc it is cxpcricnccd that host plant 

rcsi~tancc il required to pcrnmit folloeing the rceommcndcd carly planting to rcducc the losses caused by 

choot fly in  sorghum and st~bii ir ing1ho)icid. 

Significant \ariabil i ly lor  resistance lhas bccn c~tabiished among gcrmpla~m line. (Dabholktr ef uL, 

1989). At  ICRISAT, resistant sourccs harc bcen idcnlificd and gcnctic divcrsity aas obscncd lor  shoot fly 

rraintancc in thew sourccl (Agsntal and Abraham, 1985). Honcvcr, improvement ofvsricties (pure lincs) 

for postrainy scmon ha8 not mct a i th rucccrl in Indian NARS or ICRISAT programs. I n  view of high icvcla 

o l  helcrnli8 (advantage afhybr id o\cr thc pure liner) r cpo r t~d  in ~orphum by 1ncraI3vorker1 f l r v a r i o u ~  

trailr,in particular for grain yicld andfoddcr yicld (Rao and Murthy, 1970; Quinby, 19711), hybrids arc Ihc 

target malcrialr in  \,ariour llrccding proprams. 

Somc rtudier rhorrsd that thc lnhcritnnee of rcrislancc to shoot fly ir quantilativc and pdygcnicaliy 

contmllcd. I t  is cxprcaacd as a dominant trait und~r low 6hml fly p r c s r c  and addltivc or additive r addilivc 

under high prcrlurr (Bariksrnnd Chupdr, 1980). Thore studlc$ wcrc bawd on rralsfa involving puro linca. 

Ho,vcvcr, tho hybrids dcrclopcd from mslc l t c r i l f l  rcl~sscd l o r  postrainy season arc m id  to hc highly 

avseeplibkto shmt fly (Rao and Rno, 19%; Johvani and Srivsslnva, 1970). Yet, information an inhcrltancc 



ofrhmt fly mrbtancc in h)brids dcvclapcd fmm cmr lincr ir scanty primarily bccnurc i hoot fly rcsirtanl rmr 

llnca aro not arailahlc a i t h  many lorghum impra\crncnl programs, ICRISAT Asia Crntr r  bred shoot fly 

rcsislnnt cmr lincs apmi~%aUy for rainy and po~lraln? scuonf, but the informatiun on the rolc o lcmr systems 

and valuc ofrpcci f l~ breeding appmschrs fo l l o~~cd  Ir not documcntcd adcquutciy. 

The present study Inroi\cd 144 hlbrids dc\elapcd at ICRISAT during I994195 by rrosrinp; 12 

c)ioplrumicmalcrtcriic lincr to 12 di~rrsclestcrr to product 9 rrts o f 4  r 1 linc x tcrlcr rombinntionr and it 

!,ria inltiatod with thc primary focus on flnding tho mcthodr ufdc!cloping shoot fly resistant hybrids from 

rmr liner and mcthadr of hmdlng rhmt fly mistant cmr lincr. hlarc rpeciflcaliy, tile imcstigation sddreasca 

the foilonine: 

I. Eralvalcthcmcthoda nfscrccnlnp, ~ n d  to detcrminc approprialc mcthod and rsngcof vhoolfly load 

at nhieh the genut!pct can be dirrriminatcd casii). 

2. Chara~tfrL.rthc~arinus 1)pcs of parcnts (cmr iincs and rcrtorcr line#) with known braading histor) 

far shoot fly r e ~ i r t a n c ~  and various rharactcrs that rontribulc to rcslrtancc. 

3. Dctcrminc Ihc magnitude of eurrclationa bclrvccn various rharactcrr and rhoot fly rcdrtanrc 

4. Dctcrminc thc vaiuc eferosling ti lr iuur types alparcnts in producing rhoot fly rcri ltant hybrida. 

5,  Study thc gcnctics afrerirtanrc to rhoot fly in  h)brids in\nl\ing parcntr of dillcrcnt origins and 

v i t h  difircnt rcrirtanrc I c ~ c l ~ .  

Tancja and Lfuachner (1985) outlined rcrccniny prorcdurct aimed at diflcrcnlti l l ln~ sorghum 

gcnotypes for shoot fly nai~tsncc. Thc ramc prwcdurc was adapted h c n  for srrcening in rainy sraron 

(EI IK)  and portrainy rcaron (EIIR), cxperimcnlt with srtiflcial infcrtation. The othcr trio e:pcrimcnta 

undor natural Infostation aers E I K  during rainy scaran, and EIR during pollrainy scasan. 

Dtadhcati pcmcnlagc b I majorpurnmctfr vacd to gauge rcrlrtsnee to shoot fly. High rangc and  lo^ 

CV pmvidf ready distlnctlon among gcnotyper and thcnlorc thole catimstrr wrrc urcd hcrc to dclrrminc 

which a1 the pmcdurcs (artiflciai infcststionl natural Infcrlalion), reasons (rainy an11 partrainy acaronr) 



and pfst prcssulrr (ius.vr high pest prorurcr)  aa out i in~d r b o w  pro\.idcd bcttrr dircriminptian among Ihc 

gcnotypcs. 

I n  rainy scaron, bath anil iclal and natural inlcrtstlons rccordcd high dcadhcart pcrrcntngc. Mcan 

dcadhcart perccntagc i n  the succptibic chcck, CSH 9 n.ss 93.18% undcr natural infestation and 95.23% 

undsr nrtUlcid infestation. The resirtantchcck, IS 18551 recorded 68.01 under natural infcatation and 53.93 

undcr nrtilicialinfcalatiun. Duringpostralny scamn, thc dcadhcart pcrcrntagcr acrc 72.61 (EIR) and 65.83 

(EI IR) in  susc~p l i b l~  chcck, CSIf I and 59.06 (EIRj and 34.46 (EIIR) in  rcslstant chcck, IS i8551. 

Considering thcsc, i t  can bc sccn that thcrc i r  no significant diflcrcncc irch\ccn tho natural and artificial 

rnr'ironmcnta during rainy season. I t  is pursiblc thal high ahoet fly prcrsurc nas ihuilt up in natural 

cnvironmant due to cnr ironmcntai conditions such a% high tempcraturc a i l h  intcrmittcnt rains r ~ h i r h  

favoured high ajipnsition in Ihe natural rn%irnnmcnt. As n rcauit both thc trials, sown on ths same day 

cho~rcd similar dcadhcart prcsrure. During pastrainy rearan, tho a\ iporitinn in t i l t  artificial cn\ironmcnt 

(piantcd lat~,a~cragc minimum temperature in lhc first 111 dn!r >!as 15.4'Cj aas loner than in the nntural 

cnrironmcnt nhieh was pianted carly nhcn the abcragc minimum trmpcratureear hlgh (21.7'C). Thir 

might hare lead to thc lell dcadhcart pcrccntsgc in artificial cn\iranmenl in  rpitc of providing opportuniticr 

to enhanco shoat fly popul~l ion through interlards and fiah mcnl pincement. Thus, lhc desircd fly activity 

could not bo realircd in artifleial cnsironm~nt i n  thc postrainy scasan ciuc to enviranmcntni randltlonr. 

Hcnea to cnrurr uniform shoo1 fig prclsurc under f i t id  conditions ahaat fly popul&lian dynamics should bc 

studied through monitoring the adult flics b) flah mcal-baitcd traps, egg count on rcfdiinp,l and aclual 

damagc to the sorghum soodling (dcadheartr). Thus knanicdge o f  puak activity periud a l  shoot fly during 

thcscslon~nsbier ustoplantthc tc l t  mstcriai st an appropriate time to prnvidc rutlicicnt inrcct prcasurc. 

To tcst the in~cet uniformity, a aule~ptiblceantroi is piantcd st lrcquont lnlcrvnir scrotl I h t  licld and by 

rhcekingthc dcadhcart pcrcantagc damago in susc~ptibic control at frequent intervals, thc desircd hvcl of 

infutstlancsn ba maintained by intcmcnlng shwt fly control spra)a when thc dendhcart (%) cxcccdl50% 

i n  thc susceptible control. Difl'crenccr among thc gcnotypcs in each of the rainy acsson exporimcnta arc 

barely ligniflcant bccsurf thc pcr l  prcllurc was very hlgh (J90% i n  thc susccptibic ehcck). On the othcr 

hand, highly signllirsnt difl'croncca among the gcnat).pcr for dcndhrart % wcm oblcrvcd in both thc 



portrainy rcason cxperimcnts. This ahoj\s that the gcno1)pcs can bc discriminated cllccti~cly far rcaisluncc 

nhcn dcadhcan % rsngca around 611 - 70 in rusccpliblc cheeks. 

Shoat fly lays nhitc,clangalcd, cigar-shaped egg1 singly on the under surlscc of the icavcs parailt i to 

thcmidrib at rccdling rtagc. Thc larva aftcr hatching craais along the lcaf8hcalh and ma\cs u p s r d  to 

rcnch thc pianl nhori. So i t  is ~xpcclcd that various lcnf parametera rurh as csrly rccdllng \igour and 

glossinerr in carly stagc may  ha!^ a roic 10 play in ovipusition prcfcrrncrl nan prcfcrcnrc 01 thc gcnotypcs. 

Other factors such as trirhomcs and leaf pdramctcnacrc reported h) socral  worker3 ( Ma i l i  and Bidingcr, 

1979; Khurana and Vcrma , l l 85 )  toeontribute to rcsistancc. Traits such as liilcrinp, and uniformity in  

rcrovcrg nta? mcarurc thc ability of gcnot)pcs to rccnrcr and protido grain ) i dd  inspitc of attack. I n  

addition, traits such as plant hcight, *a!$ to 50% Ilolsering and grain !icid arc thc pianl paramctcm 

contrihutingto thc adaptation ofthc gcnolypcr. Honcscr,il may not bc pos3iblcto measure ail thctrdils 

in  thcflcid 10 8 ic~.ci 11, diseriminatc thcgcnot)pc~. 

Tile st*ti~tic. (range, mran, SE m d  CV) acrc cramined 1st find out rrhich of thc sc\'cral traits 

paiiicularl! thconcs niatcd to rcsirlrncccan irc urcd to dilTcrcntiate thc genot)pcs. Only trails such as earl) 

s~ediing\~ignur,giosrincs~, I 1  totai egg count, trichumcs (AB) in uninfeatcd plenls, l dcadhcarl% ( E I K  and 

EIIK), Ill dcndhfart % (EIR and EIIR), 5" icaf icnnth, 5" leaf rridlh, 5'"caf dnmpincsa, da)r lo 50% 

tlowcring,plant hcipht, totai tilicrr plant ', pruductivr tillers piant", unilormity in  recovery and )icld (UNI 

and I) shared high rangc aith lay CV ucrosl ail four cnvironmcntr and thcrcfarc ncrc utcd to dilTcrcnliatc 

thc g~no1)pcs. 

5.1 Mean performance o f  diverent genotypes for various characters 

Sorghum ahorvs hso typct of rcaislancc la shoot fly. Thc flrrt 11 prlmary rcristnncc (~ccdling 

rcristanrc),rrhich ir indicdcd by diWrenccr in  the number of scdiingr attacked by thc pest (Doggctt doL, 

1970). The ~cmnd,mrery  rcslrtsncc (Daggolt doL, i970), involver thc ability ollnjurcd plant to rccovcr 



succcssluiiy from thc primary attack olahoot fly. A critical unal)sis o l  mcvn p~rfarntsncr  01 hjbrids and 

parcnta o\cr hoscasonr in  h10 dillercnt cnvironmcntr Yiz., rainy (EIK and EI IK)  and postrslny (EIR and 

E D )  scslons rcscdcd lhat many traits contributed to tho rcsistancc as mcaaurcd by doadhearis. The shoot 

fly rcsi$tancc (low dcadhcart %)war found to bc influcnccd by csrly sccdling B igour, glossiners, trirhamo 

dmsity,P lraf Icngth,S'iodridth, 5"icaf droopinear, uniformity in  rcroBcry, plant hcight (pnsiti~ciy) and 

by egg count, total tiiicrs, praducti\.c tillcrr, !icid and d a ) ~  tn 50% floncring (ncpativcly). Among thew, 

early lccdiing \.igour, glosrincsa, trichomc dcnsit), 5" lcuf Icnplh. 5"lcafaidth. 5"lcsldroopincra and cpg 

count arc traits rciatcd n i t h  primary rcsistancc. Olhcr trails, like uniformity in  recotcry, tatni l i i l ~ r r  and 

producti~c tillcrr influ~ncc thc rccayar) resirtanre. 

Thc rusrcptiblc parcntai iincr had rignificanliy more cgg Lying and highcr pcrccntagc of dfadhcsrtr 

than the resistant psrcntal lines indicating that the breeding method amplu)cd lo devclop the rcriatant 

p ~ r c n t a i  lincs mas cLct i \c .  Thc cpg la)inp and dcadhcart pcrccnlsga were higher during rain) rcasnn 

comprrcd lo portrainyscuon. Therc results rcscalcd strong rcasonai clfccta on thc pcnctie control of shout 

fl) rcsistilnrc. Similar rc~ui ts  jrcrc ahtaincd hy Joh!uni and Sri\arta>a (1970) m d  Farah (1991), vhu 

suegcstc,i that fluctu~tians in shwtt fly incidenrcs.ere duc to matroroiugieai faclurs such ss trmprraturc and 

rciati jc humidity,rhieh appcarcd to bccnngcnialfor rh i~ot f lg  ~ u n l v a l  during kharifrmsun. Dilfcrcncc~ 

hcknnscason$fur early rccdling vigour, ~ l n r ~ i n c r r , o ~ i p o r i t i o n ~ l  prrrcrcnec,S1' lcalIcnpth,S'Ll~af~(.idth, 

5'lcaf droopincs and trichomc dcnsity3rerc 5ipnilirant. Thc gcnotypcr ~ i l h  primary rcsistanec acre founli 

to hc highly vigomus,morc glossy,rrith prcatcr 5'* ica l l~npth,  SSh Icalwidth, 5'blcaf droupincsr and trlchomc 

density during rainy scasan than in postrainy scaran. This mar probably due la cnrimnmrntal variation. 

Thc rcsistnnt parcntal limn and hybrids invoiving rcsirtant parent3 r c r c  superior for rcsl~laneo compared 

to the susccptibic parcntai l lncl and thcir corrcrponding hlbrida. Thc rolcr olvariovn traits on shoot fly 

rcsirtancf wcrc rcpariod by ncvcral a.orkcn,Tancja and Leuschncr (i985), and Patci and Sukhani (1910) 

on sccdling tlgour; Blum (1968 & 1972) on glo8rincss; Ms i t i  and Bidingcr (i979), Mal t i  el 01 (1980), 

Tancla and Lcuichnor(1985) on trichomcs and Khurana (19811), Vijsynlakahml (1913) on icslparamctcrr. 

Unirormlly in  rcravcq,  p d u c l l o n  oltiiiora p lm t '  and pmduetirc tiilera plant', -the paramctcrr lhat 

m M t  movcry  rcaistanoc~cm gnulcrduringpoatrainy rcsran lhan in rainy acaaan,whiic tho convcrac was 



thc c s ~ e r i t h  cpgIa)inp and dcrdhcan damage Perhaps, high shoot fly pressure in miny sfason might hayo 

ceund attsckon the ti l icn rcpcstedly particularly 1, hcn thc shoot fly populations progrcrri\,ciy incrcvac as 

the rainy acaaon continues. Thi l  !r iu supported by th~ f i nd ipso f  S i g h  and Rana (1986). Shoot fly msiatant 

parental lines and hybrids ineni,ing resistant parental lincs ahoncd grcalcr uniformity in  reratcry than 

susmptlbbpnrcntal linos and cormspanding hjbrids indicating that the tillers of realstrnt cultir ars acre less 

prefcrrcd by the shoot fly forcgg laying and hence rccwcrcd fastcr than rusccptible cuilivars, This war in  

eonfirmationofthcflndingsofD~rming(l971). Hoxo\.cr, susccptibic cuitirsrs and thcir rcspecti,e h ~ b r i d s  

shan.cd highcr Iota1 li l lcr production than rcrislant anc?. Thus rignilicant dilTercncer rrcrc maintvincd 

bcntfcn rcriatant and rurc~pl ib le r aristicr b r  tiller numbcr a# aaa illso rcpnrtcd 1,) Shrrma do/. (1977). 

As crpceted, rusceplibic pamntal i incl produced maximum numbcr of praductivc tillcrs. On the canlrar), 

PRLR line, also produced maximum nunlhcr of productivc t i l lc r l  trhich may he riuc to thcir photopcriod 

renritivitg. Althovph thc total tillcr production was murc i n  runccptiblc genot)pcs thcrcwns no ~ignificant 

diflerenec far producti\e l i l icr production among thc h)brids indicating l i l lcr dc\clopnrent rnnrcquant to 

'dcedhcnrt' formation in thc main shoot and cvbscqucnt run. i la l  and rcrorcry dcpend an the Icvrl of 

primary rcairtanrc Thch!brids und parcntai iincs ~elmted far primnr) rerisfancc alre %havcd high rcrobcry 

rerirtsneo indiratinp that highrr plant reeater) ahirh i- rhaructcrirtlc of rcri$tant \ilricticr. This 

miationship rc\c.bd that rccorcg  dcpcndr on thcler'cl afprimary rcsirtancc as also obren cd Iry Singh and 

Rana (1986). 

Thc sutccptiblc parental lincr rccoralcd higher #rain )icld plant' (undcr UNl ct,nditians) cumpuled 

to resistant parfntal lines indicating the nce<i to impravc tho ) icid potcntlsl oflhc re r i r t~n t  parental lines 

through furthsr bmding. Hybrids had significantly highcr yield romparcd to their parents. Thiv ruporlorily 

na r  a, expected on account of hctcrorir in thc hybrid#. Thus thc hybrids with high rceo\cry rcsirtancc 

appear to yield more under shoot fly inferlation. The hybrids involving shoot fly rcaiqlant paronlr rvcre 

osrlicr in  floacring and tsilcr than thc h)brids involving au~ccptible parenla. Similar rcauit3 rvcrc also 

rceordcd far plant hcipht by Mate el oL (1979) and Singh and Johtnni (1980s). 

Thc gcnotgper rclmtcd for highpcrrcpcrformmec bared on thc low J ~ ~ d h c s r t  prreentagc along jrith 

grain ylcld revealed that ae\oral h ~ b r i d r  and parmta had also trhibitcd superior p e r l o r m ~ n c ~  for othcr 





I llYURlDS 

I. SPSFR94002,\x ICSV712 

2. SPSFR 9.1002,\ i ICSV88088 

3. SPSFR94WlA r ICSVS9015 

RnR rms r RnR 

R~RIM x RUR 

RnR ems r RUR 

1. SPSFR 94001,\ r ICSV 89010 

5. SI'SPR 94003h I ICS\'88088 

RDR cm3 x RnR 

IlUR rmr r RUK Wwdorul no" pnrcnnr r  I.lclllmplk 
5, dlh droapwr~..rr~orndt) n rnossn .  
p m ~ c ! ~ ~ c t . . I ~ n  !{?Id 

6. SI'SFR 94003.\ I ICsV89030 

7. SPSFR 940DI.\ i ITS\'XPO8R 

(.loaalnars, ollplirllionsl non pnlrrmre. 
Irirhomn.unllonil) i n#wuw~.pmdudrc  
llllcm, ){<,Id 

12. SI'SPFR 91007i\ r lCSR9OOOl 

13. SPSFK 9dnnl,\ z rcsR~31109 

I ~ r l !  scraLn~ s ~o.r.glallan%,o6.po 
:.!.onll non pr~re r rn r? .5~  r8llcnglh. 
uidln.drrop "0%. prudrcI~,r I. l r n  !r.d 

I S .  SI'SPPR 94001,i r ICSIl9lUIO Karly serdling dgour. glosrlnc'$. u\lporl- 
lion~lnon.prrfmnrc, trichomn.5'lrll 
Imglh, widlh, droopInca, unirorn~ily In 

(.,o~,,nn,r~~fo~.t~on.l non prrrrnncr. 
~nrhomn.  B Iksllcnglh.).(cld 
l h ~ d w m ~ n o m r e m u r . S  rall'nlln. 
y i o i  
Early uedllnc rlgour. l l a l i n o l .  
u r l p a i ~ ~ n . p m ~ ~ r n 1 , 5 ' I ~ l l l l n c l h .  
s.k~rdmoplneu,unirodIy In rrcascy. 
Vkld 



Tabla 21. Hybrids selected for recovery res ls lan~e  
S.Na. Hybrids Oroup Season selected SetGtlonfor other trattr 

1. SPSFPR94007A r ICSV 7 i 2  PRBRcmr i RBR Portr, Unlfomrty~nrrcovrry, p rduc l i i e t l l lm ,  
yield 

2. ICSA89004A xICSV712 S B c m l  xRBR Rainy Total t i l l ~ s .  p 1 ~ d ~ c t I v ~  titters. yield 

3. SPSFR94001A l lCSR90014 R B R c m l  r S B R  Rllny Produ~t l ve  l i l l e r~ ,  yield 

4. SPSFR94OOlA x ICSR 90006 RBR c m l  x SBR Rainy Produelive tlllorr, yield 

1. SPSFR 94OO3A x ICSR 83009 RBR cmr  x PRLR Portrainy Unlformity in recovery,productlvr 
t~llerr,yield 

6. SPSFR 94003A x ICSR 93010 RBR cmr  x PRLR Porlrainy UntlomHylnrrcovery,p~uctlvet~llrrs. 
yield 

7. SPSFRYOOiA x ICSR91010 RBRcmr  x PRLR Porlralny Uniformlly in  recovery. yield 

8. SPSFPR94006A x ICSR93Oit PRBRcml  r PRLR Pertr l lny Uniformity in recovery, yield 

9. SPSFPR 940OSA x ICSR 83010 PRaRcmr  r PRLR Rainy Uniformity in  recovery, yleld 

10. SPSFPR 94007A x ICSR 9 l O t l  PRBR cmr l PRLR Rainy Uniformity ~n recovery, productive 
tillerr,yieid 

11. SPSFPR 94OO7A x iCSR93010 PRBRcmr x PRLR Ralny 6 Portrainy U n l l o m h  In rrsovmry.pr3unlvetillerr. 
ylcld 

12. lCSA88001 r lCSR93011 SBcms r PRLR Portrainy P r o d ~ ~ t ~ v ~ t ~ I i e ~ s ,  yield 

13. SPSFR 94031A ~ ICSR90002 R B R c m l  x SBR Ralny 6 Portrainy Produstlvstlllerr, yield 

14. SPSFPR 94007A x ICSR 89078 PRBR cms x SBR Ralny To l r i  Itlterr, product lvet l l l r rr ,  yletd 

15. ICSA 20 x ICSR 90002 SB cmr r SBR Portrainy Total tlilers, producl ivet~tterr,  yletd 

19. iCsA 89001 r ICSR 89076 SB cms lr SBR Podrainy Total t~ t le l r ,  producilvc tilierr,ytcld 

17. lcsA88004 x ICSR80014 SB Lms l SBR Portrainy Productive tllters, yield 

18. SPSFR 94002A % ICSR 93010 RBR cms x PRLR Portrainy Productive t!lierr, yield 

5.2 Correlations 

T h c  asrociat iona b c h j c c n  d i f l c rcn t  eharaetcra j rh ieh  l i n i l l i y  c u m  u p  i n  the crprcssion o f  !hoot f l y  

rcsir tsncc. fa r i y  swdlinpuipour,Icafcharactcn (glolsincrr, tr ichomc dcnaity, lraf icnglh, l e a f a i d t h  mnd lcaf 

~ i roop inc r l ) ,  r o e o s w y  t ra i t s  ( to ta l  l i l i c n ,  product i \ .c t i i l c n  a n d  u n i f o r m i t y  in rccn\cry), g m i n  l i c l d  a n d  

adaptat ion r h s r a c t c n  ( d a y  1050% f lorrar ing a n d  p lan t  hsi8hl)- i n  w ia t ion  t o  shoot f l y  r c r i r tancc  paramctc ra  

(ovipori l iot !  a n d  d c s d h r s r t  percentsgc), a re  usc fv i  i n  fo rmu la t ing  a h r r r d i n g  l t r n t c g y  as t h c  ca r rc la tcd  

response in f l vcnrc r  the  aclcction c r l t c r i a  for gcnct ic i m p m v c m a n t  I n  sdac t ion  programs. T h c  phcnot)pic 

c c r w l d i o n  m f l k k n t  tst imatc8 bahvccn r h m t  fly rer istancc ps rnmctc ra  a n d  the  character8 con t r ibu t ing  t o  

it, a n d  among the  c h a r s e t a n  Ihcmaclvc* a r c  g iven  i n  Tab lc  8. 



5.2.1 Early Seedling Vigour Vs Shoot Fly Resistance Pnrilnleters 

Sccdiingvigour gircs an idea about the gmalh rate during the carly and critical r t s p  of thc plant for 

shoot fly incidcnm I t  is cxpcctcd thal  rcsislant ruitirar3 may h a w  high srcdling \ igovrnhirh enahicr them 

to prow fast and may help to grow out Ihc avrecptibic stapc (sccdiing stage) in  a rclali\,cl) shorlcr period 

than the slow groning susccptibic cuiti%ars. I n  this study, carly sccdiing \'igour nas ncgativcly and 

significantly corrciatcd with cgg count and dcsdhcarl pcrccntagc i n  rainy scaron in thc hjhrid,. Therc 

crislcd a ncgatirc mlatianship only bchrwn Ihc derd hcarl pcrccntagc find s~cdiing r igour during pustrain). 

season in h) brids, and the carmiation bahrccn ~ccdling r igour and cgp count was also in the axme direction 

bu tno ts ign i l ak  This indicalerlhat t h c r c ~ c r c  fcrrcrcggs and lo~cr inc idcnccof  drad hcartr in h)brida 

nhichwcre more ~igomur,shilc this reliltionship nu not consistent and significant in c a w  of parcnls during 

both rainy and postrain) rcasons. T h i ~  inconristcne) may hc ductu dislinet cxpre~aion ofother tralta lhat 

mag n,mpcnsatc the diRcmnrcr in cgg Is!ing in parcnlr or thc trait,curig 5 igour, might not h u e  r~p ressc~ i  

10 the lhrcrhold l imit tocurlail u\iposilien Icadinl; to Inv dcadhcart. An cxaminatien of rrcdling bigour in  

pnrcnts and hjbrids shoacd thal parcntr Ircrc not as %igurtlul ac hybrids (Tai~ lc 8). 

Thc ncgafite rclalionship bchrern vigour and dcadhcarti (%)was in  confirmit) with the results 

obtained by Tancja xnd Ltuschncr ( i98S)rho rcasoncd that rapid pronth ofscediingmay retard thcfirst 

inrtar lawacfmm rraching thc gmiring poinl. MatcelaL (1979) riao indicalrd that most resistant types grew 

taiicr and had higher gronih ratc than Ihc susccptiblconcs c!,an though tho grorrth ratc dilTcrcnccaas not 

iignincant. Singh and Johrani (I'l80a) also indicated that fast g ro~ r th  of rccdling eonlrihutc~ tn !hoot fl) 

~ C I ~ I ~ P ~ C C .  

5.2.2 Leaf Chnracters Vs Shoot Fly Resistance Pnrnmeters 

Undcr ntId conditions, r ~ ~ i s t s n c c  is primarily due to non-prcfcrcncc foravipositian. Tho Icnf i r  tho 

ritcofoviposition for rhoot fly hcnrc loafcharacterr such as glorsincsr of Icsvcr, prercncc of trichomca, leaf 

kngth, kafwidth and leaf droapincrs arc tho most important traits which harc positive influenceon shoot 

fly rcsi~lancc. 



Glossy Ics\.cs may pasribiy slTwtthc quality ofi ighl rcflcclcd from lhcm nhich in turn may influence 

th~hostpmfcmnr~ic i ld ing toicrr Cgg ia)ing and dcadhcartr. On thcothrr hand, high lrirharno danrity on 

thc sbariai rurfacc ofthc icnf lends to non.prcicrcnrc for or iporition by shoal fly and high density on the 

adaxial surfacc may intcrfcrc n i t h  l ana i  movcmmt and l un i \ ' n i  icading to rcduccd derdhenrta. SEI.LI~~ 

studics i n  sorghum harceicariy rupportcd this vies (Maill and Bidingcr, 1979; Bapst and hlotc, 1982; 

Tancjs and Lcuschncr, 1985; Jadhuv da1, 1986). The results obtnincd from llrcscnt ~ t u d y  alvo rc\caicd lhat 

thcrc is a highly signiflcvnt porit itc cnrrclalion hchccn giorlincsr intensity and trichomc density both, in  

the pamntr ( r -  0.58 and 0.36) and h) bridt ( ~ 0 . 4 3  and 0.35) for rainy and postrainy seayon# rcrpeclir.ciy, 

indicating that in  mart cxses glossincar and trichomcr crist tagcthcr. This ia quite an inlerarting anti 

important rciationfhip from thc \'icv point of shoot 11) rcsistuncc. Siloat fly egg Is j ing and dcwdhcart 

prmcntagc am highl) rignifiunnli) and ncgati\clp assoeiuted n i t h  glossincrr and triehan~e denyit) in case of 

both parents and hlbridr during rainy and postrainy scusonr, indiratingti lat both act as deterring factors 

for o\ ipu~itionai non-prefcrcncc of thc shoat fl) to aorghum gcnat!prl. 

Dmics and Scshu Rcdd) (1980) fuund liflh and fourth Icatcr are prcfcrrcd in order, Rlr aripeoitian 

inthelicid. Thcre ir an inlcrse corrclation bchvcon the dislancoofeggr from thc bare ofthc icafbiade and 

production of 'dcadhcnrts' in  tho infcslcd sccdiings (Mowall, 1967). In this stud!, strung and significant 

ncgat i ren~mlat iun~ bchrfcn leafpnramcl~r$ (S'ieaflenglh, 5j1 lc~f\,idth and 5 '~ca fd ruap ine~r )  and ahaut 

fly msirtancc paramctcrs (u,ipasiliun and drndhcarta %) wsrc naticcd in both wason3 in thc h)i,ri$a. I n  thc 

crsc of parents, highly significant and ncgati\c corrsiationr acrc ebrcwcd oniy in  rainy scaron, Although 

not signilicant,thc cormlalions !V(.ETC in  the ranlc direction during porlrainy rauron. Thus longer, aidcr and 

droopcr ieajcs may bc contributing turrardr rcslrtancc to the shoot fly. Studicr by Khurana (1080) aisn 

shuwcd significant ncgatiuc corrclation of shoot fly infertalion a i t h  lcvf icnglh and leaf breadth,aherc as 

Sandhu d sL (1981) shor~cd positirc relationship in dilTcmnt varicticn. Vijayslskshmi (1993) obacmcd 

cormiationa afifaf iength,nidth and drooping depth with dcsdhcartl(%) In oppolits dircclionl in tali (tve) 

and dwarf(-r c) gmups. Thceanlrvlting nruits mighl have been due to rarlcd type1 olgcnrtic malcriai uacd 

in thc studies and/or due to eristcnrc of diffcrcnt biatypcs s i t h  time. So far thcrc i 8  no report about thc 

crirtcnceof b i o t y p  in rhmt fly either plsrrspwckorth~spccific. The p r~scn t  study is oniy indication and 

this, howcver, nccds to be confirmcd, capccisliy in  no.choicc canditionr. 



5.2.3 Recovery Traits Vs Shoot Fly Resistance Paran~eters 

Early anackon the main shoot by %hoot fly induccs the production of fcn synchronous tiilcra, nhich 

grow rapidly and morl of which sun.itc to producc hancstablc carhcadl, ro that tho xiold i y  not much 

rcduccd. Thur, traits likc uniformity in  rccovcry, total tillers and pradu r l i ~c  liilcrs may bc conridcrcd as 

a rcrondary mcchanirm of rcsislnncc or rccoscrg resistance. 

Uniformity in motcr?. showed strong ncglali~c correlation with cgg lasins and dcadhtart formation 

by chaot fly in  thc parents and h)brids in irath thc scalons. That mcxns pl8ntaaith fcrrcr c p ~ ~  nndfcwcr 

dcadhcarls rcco,rrcd Bstcr to g i ~ c  uniform prowlh and carhcad production. 

Shoat fly infectation (egg count and dcadhcart %) erhibitcd pusitilc rorrciation a i t h  lotal liilcrs in 

thc hlbrids consi~lcnliy acmrs the scasons, nhilc such rclaliunship in parcntt \\as not rtatistirviiy conaistcnt 

ilrroas scasons, although numcrieaily so. Thus, in gcnc r~ l  thc rusccptiblc gmot! pcr h a ~ c  more tillers. 

I n  thcrtudy, pmdurtivo liiicrr ncrc posilivciy corrcinlcd n i t h  egg count in  h jbr idr  only in  postrainy 

vclsnn. During rainy scayon, although such rclstian nas not stsli.itically significant but was in  apposite 

direction in casc of both parents and h~br ids.  This may be lluc to high shoot l ly  ~~IISYIC during rain! 

scaaon,sinrc tha mmprtition bchrccn flies forcgglayingnas more .and in this case the) had nu chnicc. Thew 

rcsulta arc in  confirmity with Singh dnd Rana (1986)nho rcporlcd rccovory rcsiatanro docs not appear to 

be an urcfvi mechanism particularly uhcn shoot fly populath~ns prugrcssivcly inrrea~c 83 the rainy acaran 

rontinucs. Thus, such relation !+as not rlrong and consislrnt a i l h  dcadhcart formation across tho scslons 

in  both hybrids and parcntt. 

5.2.4 Grain Yield Vr Slloot Fly Resistance Parameters 

Grain yioid i n  infcstcd and uninfcstcd conditions wrrc r ignikant iy  and po'itivcly corrclatrd with 

ahmt fly oviporition in hybrid* during rainy reason, and in rnro of psrcnls during portrainy scnaan. 



Dcsdhcnn formalion rhoncd r i~nl l lcant  positirc rclalion jrith )icId (I) in  rnsc of h lbr ids (during rainy 

acason) and parcnts (during postrain) scaron). This mcans that thc occurcnrc o lmorc dcadhcanr may 

suppon the mlcolothcrmmponrstory mwhanismr such as recoucry r c s i ~ t a n r ~  (Doggctt, 1972). This might 

hsrc bren duc lothcfsd lhnt msn) cuil iran wcrc abic to product side tillers vNar thc main ahont ~bsr  Wilcd 

by shmt $,trhich in t ummu ld  produce a rcssonabir j icid pro\.idcd the plant was not u l tackc~l  again and 

optimum lcrtility and moislurc conditions prcvaiicd/cxistcd. 

5.2.5 A d a p t a t i o n  Charac te rs  V s  Shoo t  Fly Resistance Parameters 

Pasitibc carrclalion% arrc obscnrd bchrten dajs to 50% floncring and shoot fly rcsislancc 

paramclan. T h i ~  may bc ductoliiicr production in lnfcstcd plants ahi rh took morc dn)s for floa.ering scrocc 

tho rcasonr. I lonc\cr  such a rclatianshipnas net strong or cunsirtcnt v i t h  Ihc pnrmts. Plant hciphl sss 

ncgatir ciy corrc l~ lcd a i l h  $hoot fly rcs i r t~nrc paramctcrl in  110th thc scasonr. Earlier hlatc do!. (1979) 

indicated that must rcs l~ lant  typrs prca tailcr lhan succcptiblo nnfr. Singh and Jnhrxni (1980a) also 

reporicd similar results. Karanjkar daL(1992) noticed significant nepatibc corrcialion Ihch!ccn plant hcifiht 

nndshootfl! dradhcans. Vijayaiabhmi(l993) also found that plant h ~ i g h l a a r  napali~cly r o r r f l a t ~ d  e i l h  

numbrr o l c p p ~  100 plants and dcadhcart perccnlapc for d n n d  and tali groups in rainy season. 

5.3 INHERITANCE AND GENE ACTION 

Hjbr idr ,  hccausc of their hctcrntic udvilntapc for producti~ity, arc popular n i t h  farmcrs and 

l i~crr forc form target malfridl in  many breeding program,. I t  il imporiant therfforc to knarv the type of 

lcmaic parcnts and male parent, that icad l a  shoot fly rcrislant hybrids. The 144 hj l r r id  cambinatian* in  

Ihc prcrcnt study ncrc cntcgoriscd into nine distinct groups barcd on thc hrccding history o r t h c p a n n t ~  

( T ~ b i c  9-11), Comparatit,ciy lcsst cgg count and law dcsdh~ar l  %war rccardcd in all Ihc hybrid groups 

in~olving resistant parental gmups,~rhiicothcr combinations (SB cms r RBR, RBR rma r SBR, PRBRCm3 

x SBR, SB cms x SBR, SB cmr x PRLR) suppo~lcd high cgg count with high dcadhcari % indicating 

dominancdintcrmcdiatd ovcrdominancr for ~urccptibility. Thls clearly lndicatoa that to dcvclop nsi l lsnt  



hjbrids both malc and fcmsic parents ahouid bc rcrirtsnt. Thcrc finding8 vcrc rupportcd by Bxlskotaiah 

el oL (1975), Rsna eloL (I975 & l98i), Shurma rtaL (1977), Borikar and Chopde ( i98i ) ,  Birvdsr and 

Borikar (i985), Wimbsikar and Bapat (1987) and Singh and Vcrma (1988). 

Mean pcdormanccoftheninc distinct groupa with rcgnrd to dillcrcnt rharsrtrrs rclatcd to shout fly 

rcsistanc~ reveaicd thc superiority o lPRLR group for rccdiing \igour, in  both thc acsranr rtudicd. The 

h)btids in~olving rclistant lcmalcl (RBR cms x PRLR and PRBR cmr r PRLR) rcrorded highcr rccdling 

,igourcompsrcd to tho SBR and SB cms parcntai lines and lhcir hybrid groupa. Sccdling ,igourrr.as low 

during portrainy acvlon rompsrcd to rain) rcason and thin tcndcne) particular!. c r i ~ t cd  in rusrrptibic 

parcntai Rroupl and their hybrids indicating dominsncc of lolv j igour ovcr high seedling rigour in  low 

lcmpcratumeondilions. This signifies that thc rvreeptibic parental lines acre r l r n  sclcrted imiirccli) lor  l o r  

reedling \igour under low tcmpcraturcr, and that the rcsistrnt gcnot)pc, for high acadiinp r igour. 

E l p r c s $ i n ~ ~  of glorsinc~r was  more in rain) scason than in partrainy scsson. Tho h ~ b r i d  groups 

imohing iholh pilrcntr n i t h  giorsinrrr (RBRcmr r RBR, PRBRcm? r RBR, HBRcmr x PRLR and PRBR 

cms PRLR) ncre cltrcmci) glossy. On tho uthor hand, thc othcr groups efhybridr r h i r h  involrcd one 

glorry(RBRcn>s,PRBRcms and PRLR) parent and r n o t h ~ r  "on-giosqy (SB cms and SBR) parent or both 

nun-giorsy parcntr wcrc all nan-glor~y, irrcsprctivr a l t hc  season, indicating that "an-glassy trait nas 

dominant and thetrvitcxpre~siona.u slnbiencmrr the seasons in thc h)briBs. Thia is in conlirmillion of the 

rcruits obtained by Tarumato (l980), and A g a n ~ a i  ~ n d  Housc (1982) who found that giorrinelt bshavcs HI 

a rcccssiYc trait. 

Season spccificily l o r  trirhumc dcnrity r a s  rcficclcd in thc h)brid groups dcpcnding upon the t)pc 

of parcnts lnr.oivcd. I n  the hybrids of PRBR rms (portralny season-hrcd resistant fcmaic lincs) group thc 

trirhomc crprcsaion during rainy season ~ i l a  lonor than partrainy season. Thc wxnc was abrcrvcd in the 

parcntr. This shaard that the fema l~  parents brcd in postrainy season ncrc indirccliy srirctcd for hlph 

triehome dcnrity i n  thc low temparatum rondilionr olpastrsiny spason. Further this irnplics that 1ca10n- 

spceif~ bmdlng program should bc t r k r n  up to rapturc this mcrhsnism in brccding lor  rcsiltancc l o  lhoot 

fly rcristsncc The hybrid# a e r c  intcrmediatc bfhrccn thc psrmts lor  trichomo denrity and low dcnrily 



appcarcd l o  bc dominant. This indlcatcd thst both parcnta should h u e  high frirhumc dcnsity in  order to 

h a w  hjbr ids a i t h  high trichomc donsit?. to ensure highcr ic%clr of rcsirtancc, as trichamc~ rontribulc to 

or ipoaitionsl non-prcfcrcncc mechanism. Sharmv el a1 (1977), Gibson and Mai t i  (l983), and Tarumoto 

(1980) studicd the nsturcof pcnc action for non-prcfcrcncc and found thst tht  prcrcncc of lrirhnmcs on the 

J d a l  svrfacc was govcrncd h) singlo rcccsaiYc pcnr, but thc inhcritancc of trirhnmc density appcarcd to 

bc more complex. 

I t  nn1 noticed that among tho parcnlal t)pn,thc PRLR group, and amongthe h)brid groupt,thc 

h!brids (RBRemr x PRLR,PRBRcmr x PRLR)inroi\inp resistant fcmnlcr (RBR cms and PRBR ems) anti 

tho ilndracca (PRLR) had thc longcst Icuf lcngth compnrcd to both thc rurecplibie parcntal and h jb r l d  

groups Conl id~r ing the gene action it rus rlcar that short lcaf dnmin~tcc eYcr long Icnf. Similar results 

ncrc r i rn rccordcd for lcsf rticith and icaf droopincw. Furlher, in "11 i \)brid groups dronpiness ,jar 

dominant1 o~crdomlnant. 

I n  rcspcrtto uniformit) in rccujcr) mlong thc h!i?rid gmupr in!olving PRLH group ilr maif parent, 

high uniformity in rrcnvcry u a s  cithcr partially dmninrnt or intermcdiatc ricpcnding un 1)pc of fcnmalc 

prrenl,ahrrc in thc h)brid groups insol\ing cithcr SBR or KBR group ill maic parcnta, low uniformit) 

in  rccovcry n.ar partinily duminantl dominant1 oycrdorninant dcpcnding on thc fcmillc parcnt. A clcsr 

pattcrn war obrcrvcd that h)brids llaccd en rainy scanon-brcd fcmal~li wro,ered rtell in  rainy rcaran and 

there based on pastrain) scaron-brad fcmalcs recarcrcd wril i n  portrsin) scaron demonstrating again thc 

impartancc of rcsson-apecilic brcfding that had bccn used In dcscloping lherc re8istunl fcmulc groups. 

Tiller production war higher during poalrainy sculon and thc crosses which involvcd ~usceptiblc 

parental lines produccd more tillers plant'. Similarly producfivc tillcrv plant rrbrc aiao murc during 

pastrainy mason. A marked reduction in productive tiller production war obrcrvcd from cariy rsbi (EIR) 

to late rabi (EIIR), porsibly duo l o  abiotic atrsas likc drought that prcvailod during intc rabi. Among thc 

parental lincr, SB cmr and PRLR groups produced mmrimvm nurnhrr of productive tiilars. Thc hybrid 

groups did not dlffcr signifiesntly for pmduetiva l i l k r  production and graln yicld. I n  othcr word#, In hybrids 

thc s u ~ ~ ~ p t i b i l i t y l  r ~ s i s t ~ n c c  of parcnt did not lnnvcnrr for l icld, although among psrcnta auaccptiblc 



parental linc groups pa!c hiphcr !icld than resistant groupr. 

Thc h)brids in$oi!ing PRLR~rnups  a1 restorcrr acrc early and tail in  all cn~ironmrnls during both 

scaconsmmparrd to h) brids i noh ing  susccpliblc line groupr (SB cms and SBR) rrhirh Mere laic and dwarf 

in all Ihcfour cn)ironmcnts. Thecariincas obrcmed in thc resistant h!hrid groups produced from PRLR 

rcrtomnan RBR cms and PRBR cms might confer ad1 anlagc in c~rapinp thc commonlg nccurinp terminal 

drought in portrain!,rraron. 

Thus forrhoot fly rcsistancc (low dcsdhcart damapc) and its araocivtod traits (high scrdiinp \.igour, 

high pins~incsr, high trichomc density and la! cpg lajing). lhc h ~ l r r i d  groups oiRBRcmv r PRLR.PRBR 

cms li PRLR,RBR cmli I RRR and PRBRcms r RBR vcrc  crccllcnt. On the ~ l t h r r  hand, thc h)i,rid group? 

of RBR rms SBR, RRR cmr \ PRLR. PRBR rmr \ PRLH and SR can. \ PRLR prrformcd rreil for 

rscovcry as rcflccrctl by high produetivc tiller numbcr. 

5.4 COMBINING ABILITY 

The choicc olsuitdi~le parcnlr for c!al\ing betlcr varicticl or h!I,ridl is important in  lriant Ihrccdinp. 

Parcntr for hjhrid brecdin8r.m bc rclccted bawd on eilhcrpur I E  pcrforn~sncc or gcncral can~hinin[; ability 

(GCA) ur both. Thcper re pcrfnrmirnre, ho~rcscr, ir not a rcliablc index us i i  l inerri lh high jicld pulcntial 

may not ncccrrariiy cxhibit it3 rupcriorlty in cros! cnmbinalion? ( S r i v a r t ~ ~  a rf "I., 1979). Thcr~forc thcrc 

ir aconqtant nccd toldcnlir) and sclat potential r a m b i n ~ r l  nhich can produce  combination^ ruprriar Icr the 

cr l r l ing ancr. Studies in a singlc en\ironmcnt are of rcstrietcd applical~il it l  ar combining ahllily nns 

repolled lo ihc influcnccd by cnrironmcnt. licncc in Ihc present in,estipation, Ihc combining ability sludic8 

nereearried out undcrhrodiffcrenlcn~imnmentl namely rainynatural (EIK) and purtraing-nuturnl (EIR) 

cn\imnmants. Thcurcoil inextsrler dcsipn (Kcmpthnrnc, 1957), in  dccidinpthe ro la t i ~c r r~n~ i~ in ing  ability 

ofn nurnberofmak and fcmaic parents to produce dccirahle hkbridr il well knosn (Rno etnl., 1968). Hcncc 

in thc prcwnt study, 12 cytoplasmic malo stcrilc iincr dcvciaped at I A C  ncro crasrcd s i t h  12 restorers lines 

and tho resulting 144 hybrids along with their parent1 r e r c  cvalvaled for shoot fly rcaislancc and its rclatrd 

t n h  and ylcld. Thcdillcrcnccr amongthc parcntr and hybridsnrrcripnificant for GCA cfTcctc for a l l lhc 

traits (itudird. 



Among thc parents rrlcctcd for primary rcsirlancc based on high per sr prrformsncc for ion 

deadheart % ainngrrilh high grain j icld (Tablc 201, SPSFR 94002A (RBR rmr) durinp rain) smron and 

SPSFR 94003A (RBR cmj), SPSFPR 94007A (PRBR cm8) during posfrain! rcvson acrc good pcncrsl 

combiners for low dcadhcan %. The grouping of parcnt! based on high per s t  prrfurmilncc along with 

dcsirabir CCA cffcts (Table 22) rc~.calcd that rhc parents SPSFR 94002A (RBR ems). SPSFPR 94007A 

(PRBRcmr) in rain). rcaon and SPSFPR 9.lllll7A (PRBR cms) in partrainy rcaron arrc found l o  h a w  high 

dcrirablc GCA cffccts for cad) srcdlinp jigour. Rcpaniing GCA eff~etll br pla~rincs~. SPSFR 94001A, 

SPSFR 941103A, SPSFR 94001A (RBR cm,) and SPSFPR 94U07A (PRBR rmr) in  rain! scibren, SPSFR 

94003A (RBRrms),SPSFPR940OSA and SPSFPR94007A (PRBRems) in pu~lra iny acnsonnrrc obrencd 

l o  bc good pencral cumbincrr. Thc pnrcnu, SPSFPR 94007A (PRBRcmb) in rain) rcason,itnd SPSFPR 

94UOSA, SPSFPR 94001A (PRBR rmr) in  pasfrainy rraran for S'Vcnf icn&lh; SPSFPR 94IlOSA, SPSFPR 

94007A (PRBR cmr) in rain! wason for Sth Icsfnidth; SPSFPR 94007A (PRBRcmr) in  rainy qcason nml 

SPSFPR 9400SA, SPSFPR 94007A (PRBR cmr) in partrainy rcsstm for S1"lraf droopincss were found to 

ha,c high dcrirablc GCA r f f ~ ~ t s .  Fortrichamc dcnril!.SPSFR 94UtllA (KBR em<), SPSFPR 9400SA (PRBR 

cmr) in  rain) rcarun and SPSFR 94IIIIIA (RBR cmc) ~ i u r i n ~  postrainy rcaion sere  found l o  hare high 

dasirahlc GCA cffcclr amunp parants. I n  rcspccl ofcpg count, thc parcnlr SPSFR 940OIA (RBR rmr), 

SPSFPR 94007A (PRBR emr) in rain) scasun and SPSFR 94003.4 (RBR cmr), SPSFPR 9J007A (PRBR cnlr) 

in postrainy srawn rc\caled ripnilicant dr~i rablc GCA cffcctr. 

Conridering the uniformity in  rcre!cr!, SPSFR 94002A, SPSFR 94UOIA (RBR cmv), SPSPPR 

9400SA. SPSFPR 94007A (PRBRcmr) in rdiny Teasun, ancl SPSFPR 94007A (PRBR cmr) in  peltrainy 

scason ncrc good combincr~ among parents. Among parents, SPSFR 94001A (RBR cm,) cxhii>itcd 

slgniflrant GCA ~ffcrts for lotal tillers plant' and producthc tiller* plant' In pollrainy rcaron. Whilc nonc 

ofthc parent, cxhibilrd signincant GCA cffcclr for thc abme l~roeharaclcrs In lhc rainy rcnron. 

Conridcrinp tho grain yicld plant', parfnta SPSFR 94002A (RBR ems) fur yield-UNI and yicld-I in  

rainy acplon and SPSFR 9400IA (RBRcms) for yicid-UNI and )icld-1 in postrainy reason nc r c  found to hasc 

derirsbloGCA en&. Regarding thc character plsnt haight, SPSFR 94001A (RBR cmr), SPSFPR 94005A 

(PRBR ems) in rainy scaaon and SPSFPR 9400SA (PRBR cms) in postrainy seaton ncrc found l o  haw 

duirabkGCA cRcrls. I n  rcspcctofdaysto 50% h c r i n g ,  SPSFPR 94005A (PRBR rms) In both rainy and 
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93009, ICSR93010 (PRLR) for plant hcipht; SPSFPR 9400SA (PRBRcms), iCSR 911002 (SBR) for ia t rnc~r;  

lCSR93031. iCSR9JOII (PRLR) for csrlinors wcm found to h a w  desirable CCA r i f cc t~  acrorl thc rraronq 

i.c.,during bath rainy and portrainy reasons. 

Among Ihc parcnta ~clcctcd for rcralcry rcristancc, iCSA 20 sh<nrcd dcsirabic CCA cNccls far 

sccdiing~igour,5'Icallcngth,S'Vcaf drnopincss,uniformily in  reco\cry,)icld.l, plant hright and earlincsr 

during porlrain) season and for total lillcrr in rainy scacon. 

Fur lhcr  clorc examination of CCA eNcetr for iincs (Tabic 23) rerrs i rd thal among lines SPSFR 

94U31A (for rcediing tigour, plorsincss,deadhearl %,S1' icaf droopinch% Hnll uniformit! in rrrn\cr)),  SPSPR 

9400IA (lorcpg In)ing,SLlcnfaidlh and plant hci~hl),SPSFPR94llOlA (lor trichornc drnrity and latmcsv). 

SPSFPR 94007A (forS"Icafisn#h),lCSA X9UOi (furtotsi tilicrr and licid-UNI), SPSFR 94OOZA (fur )icld-I 

and earliness) rrcrc thc best pcneral eumhincrr for rain) scacon. Durinp paslrriny \encon, ICSA 211 (fur 

ccedlingrigour.SbIcafdmapinc~s,5'lc~fIcnpth,!irid-l rnd  carlinerr),SPSFPR 91007A (for ql~~r\inrrr,cgg 

Iayinp and dcadhcan %), SPSFPR 94IIIIiA (lor trichemc dcnrit)), SPSFR 94031A (for uniformity in  

rrcoven), ICSA 89001 (for to ld tillerr), SPSFR 94001A (lor productirc ti l lcrt and !icld.UNi), ICSA 891101 

(for plnnt hcight), and SPSFR 94002A (for latcnosa) ncrc supcrior ronlbincrx. 

Among tcstcr%, ICSR 93010 (for ~ccdling bigour, 5" Irt lf Icngth, S1* i ~ ~ f ) \ i d t h ,  5'' l c ~ f  droopinc~~,  

uniformity in  recoterg and plant height), ICSR 9301 1 (for qlo%sines~). ICSR 93lIl19 (lor cqg Ia)ing), ICSV 

88088 (for dcadhcarl Yo), ICSV 712 (for trich~lrnc Bcn~i l )  and Ialcne~s), ICSR 93031 (for uniformity in  

rccmery, producti~~o t i i l c r~  and carlinrrr), iCSR 9000S (for )icid-UNi, )ield-1) acre found l o  hc the Ihcst 

qcncral combincrr during rain) scaron, iCSR 93010 (for rcrdiin~~ipnur,S'Vlcaficngth,S'Ll~afwldlh and 

plant hcight), lCSR93011 (forplorrincrr, unilurmity in rccor'cry, )iald-UNI and carllncrs), ICSR 93031 (for 

egg iq ing) ,  ICSV 88088 (for deadhaart % and t r ichom~ dcnsit!), ICSR 93009 (5" icaf draopincrs), ICSR 

89076 (for totaltilicn,pmductirc tillers and latcnras), iCSV 89030 ()iold-I) ,!ere found to bc host rnmbincrs 

l o r  postrainy season (Tabic 24). 

Tho study ofapcciliecombinlng ability rlifrta (Tables 14-16) ravcalcd rignilirsnt and dcsirabie SCA 

cRcctr in  aoerd h jb l i d  mmbinslions,lor primary raiatsncc, rccovcry rcriatance to shoot fly and yicld. Thc 



numbcr of hjbrids a i t h  significant dcrirablc SCA c L c t 1  and h!brid n i l h  high SCA cffcclr i n  dcrirablc 

direction forcach trait i n  both scasons studicd is gitcn i n  Table 25. 

SPSFR94001A x lCSV88088 (for carb. accdling \ iguur), sPsFU94001h r trsn9ooos ( lor  glossin~~s, egg 

count and unilormit) i n  rccorcr)), srsFrn 94005,~ r ICSV 112 (for dcadhcart %), ICSA 20 r t r su  90014 ( lor  

trichomc dcnsit)), SPSFPII 94001,\ r ICS\ 89030 ( 5'* leaf Icnpth), sPsFn 94002.\ 1 l r hn  91010 (lor 5Ih l c s l ~ i d t h ) ,  

SPsFPR94ms.\ x lCsR91011 (fur 5'"lcaf droopincs$), ~I~~FI'K94002.t r I(.SnR9076 (lor total tillcrs plant I), SPSPH 

94Wtn ~ l c s l l a a l l  (for prvductirc t i l icn plant'), srsba 94001.\ x t rs l I9 lo t l  (for )icld-UNI), srslin 91031,$ r I r s v  

712 ( for~ ic id-~ ,sPSFI194m21~xICSRm2 (for ~ariincss), SPSII'I19J002,\ x IcSH91010 (for lalcncss), bt'sl~n 940111t 

r Its\ m15  (for piant I~cighl) i n  rain) s c a m  and SI'SFFK~~OOI,~ r tCSll90002 (for cari) sccdling t ignur and 

plan1 height), sl'Sbn94031,$ rtrsll~Iol1(f~~rglossincv~), lcsh 20 x I(.slr 90002 (for cgg counl), SI'~~1~1194u~sh r I r s t l  

lJom (for dcadhrrrt % and S'lcalicn$h),SP~FPI~ 94007h r 1(.s1189016 (for trichomc density), l r s ~ ~ ~ i r l o l  r I r a n  

93M9 (forSUIrafaidlh), lcs.\amt x Icst189o16 (for 5'"caf drnopincw), ICY$ wlolll I lrslrnllo9 (lor uniformity 

in rccorcr)),sPhFn94rml.t~ I l S n m l l  (for total t i i icr? plant'), SI'stH9400lh I 11 h119000S (1111 produclivc tillers 

plant'), rrsl'll 9~oo2.t r l r s \  712 (for ~ ic ld-UXI) ,  lcs,\ xsell4 r Ir'h1190002 (lor )irld-I), Ii'a* x9uul r ICh\'112 (111r 

carlincsr) and sl',tlltl 94005.t x ICSII Xlil:6 (for IH~C~CSI) i n  postrdiny xcwon Ncrc noticcd 11) hate high SCA 

cffcct%. 

The h) hr id  combinations ncrc funhcr  ralcgorised, bawd on high per se pcr f i~rmrnrc illon(! r i i th  

significant SCAcffcctslndcsirablc direction for rach trait i n  rainy and portruin) scarunr ncrc given i n  thc 

Tahlc 26. A funhcr perusal of SCA cffcclr u t c r  thc or" rcasonr ('Table IS), rcvcrisd t h ~ t .  thu SCA cffcct* 

acrenot consistant furmajorit! ofcharactcrr for hro rcasuna cxrrp l  for h)brida ICSA 89004 x ICSV H9U311 

(forS'lcalIcnpth),SPSFR9403IA x ICSR 93031 (lor uniformit) i n  rccovcry),SPSFR 94113IA x ICSV 712, 

SPSFR 94003A x lCSR90005, ICSA 90002 r ICSR 9301 1 (lor !itid-I), SPSFPR 94002A ri ICSR 93010 (for 

Iatcncrr) and SPSFPR 94007A x ICSV 88088 ( L r  plant hright) which acrr  found conrialant acrosr thc t an  

seasons. 
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2. <:lo%sl"*., 
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IO.T.,nl llllrra 

11 I'n>durll,c t ~ l l ~ ~ r r  pl.int8 
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SPSPPK 9400.\ (11.11) 
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Table 21 : 'Trslrn sha$ing lvprr lvr combining rbillfy lor %srlou, lrnlla 

I ,Esrl)arcdl lng~lgour I('SR930lU(-O.X5) PHLH 1TS1193010(-1.12) l~llI,Il 

1. Gloralnrrs l c s n  93011 (-I lo )  PI~LR I s  9 3 1 1  ( I n u )  lllll.ll 

3. I?ggcounl Plrnt ITS11 93009 (-0.32) Pll1.X I S 1 1  I ( 0 4  1'111.11 

4. nradhran% 1(3\ '  n8088 (-4 69) 111111 ICS\'B~118X(-12.79) 111111 

5. T l i rhon~r  dmli l)  (tnrn'l lC'SY711 (17 461 HUH ICS\'X8flXS ( I 1  07) 111111 

6. Smlraflrnplh(rrn) ICS1193010 ( I  07) 1~111 H I<'S11 93010 (3.61) PI11 .I< 

7 S'lrr fr ldlh (ma) 1rs11 91010 (0.20) 1'lll.n l('s11 ~ 1 1 1 1 ~  (1l.n) l~111.11 

8 ~ ~ ~ ~ i d ~ ~ ~ ~ l ~ ~ ~ ~  (ml) 1 ~ ~ 1 1  91~111 (11 XJ) l '~1.11 11'S1193009 (1.55) 1'111 I< 

9.I'!~irormil~ in r r r o \ r ~  I('SI1910JI ( 1.01) PIlI.11 l ' \119J l l l l  7 1'111.11 

I S 1  3 0 1 0  I I 1'HI.H 

IO.To!rl l~Urn planl' \ I ,  ~ i g n l n r m l  dilrcrrnrc ICSH 891176 (1.33) SIII1 

1l.l'roduclnclilIrm pl.lnl' I1  hl1930Jl (0.OX) I'HI.11 IT511 89076 (0 56) S1111 

I1.Slr.ld-I >I (1 plant') IL SR90111I5 (590) S l l l l  l (XI l91011 (9119) 1'111.11 

13.Ylc~ld.I ( g  plant') ICSK 90005 (3 115) SllR IC'SY 89030 (8.8)) 111111 

Ir. l ' lmt hrlght ("3) IrSI19301U(47.25) lPHl.11 l('SI193n10(1Y.l~) i~l l l . l1 

15.Dn!8lo50% flurrnng 

I. Eariinrss ICSII 93031 ( 2.19) PI1I.H I(.'SI193011 (2.96) 1'111 11 

ii, l,s~enesl ICSY 712 (n,n3) I l u H  I C h l l  89076 (2.88) ~1111 



Tahlr 25: Il!btidr sho*in~svprtior rprrior combining nbilit) (SC.\) for r.tiou,mi<a 

ho. ofh)bridrvllhdrllrrblr ll!blid with S U ~ C ~ ~ O ~ S ~ A  C ~ C C I  

SC,\ C ~ C C ~ ~  

rrdu 
Rain! Porlnb) l i b )  amon l'orlnin).nrsrun 

1. Esr ly l t rd l ln~$ i~our  5 7 SPSYK94WIA r ICSV 88088 SI'FFl'Il94001A I ICSH90002 
( 1.68) l.2.'1) 

3. Eggcounl P I ~ I '  4 11 SPSFR 94002h r ICSR 90005 I('S,\ l o  I ICS1190001 
(-1 65) (-1.57, 



Commemirie~ploilation ufhclcmiir in crop plrntr is regnrdcd rs  a major brcnklhmugh I" lhc realm 

of pldnt hrccd~ng. Hcteroqir lrrccding hael led to cnnridarablc )icld imprn\cmcnt o lse\r rn i  ccrenl rnlpr 

including sorghum (Rai, 1979). A mnior Irrcaklhmughaas achic\rd in wrghum pn,duction n ~ l h  thc rcla*\e 

olCSI1-I and CSHJ  during 1910'~ ~ n d  CSHa in 1980s. Thi, initial sucrrrs in  rxpiuitatinn nf h!i>rid \ igour 

hdd Icd 1 0 t h ~  ~ n l ~ n s i t c  ldcntificillinn uladdiliunnl hctcrotic combinrtions. The dc\clopmcnl of c)lnplalmic 

mdlc (Icrilc lines lunhcr  fnhdnecd the scope for cxpll~ilnlicln of nnv hetrrollc  combination^. ld~ntif icalion 

ofsuprrior h)brid combinations, combining high hctcrosir lor  grain )ield along n i l h  shoot fl! rcc!.lancc for 

rabi resron has rcechcd much attention in thc rcecnt)edr*. 

The rcsultr r c v c ~ l c ~ l  thc prcmnec of high >arialion in hctcroait over mid psrcnt, bcttcr parent and 

check amon8 JiRercnt emarcs lor all allribulsr, during balh aea.an.. Helcroais over mid psrcnl, ihcttcr 



parcnt and chcckaas ncgatitc and highly sipniflcant fclr majority o l r r ~ ~ r s c r  lor  rgg cuunt and ~Icadhcan 

%during postrainy scason. A negali!c and highly significant hctcrosis n i l i  bc dcsirablc as for as shoot fly 

rc~istancc is conccrnsd as it indiratcs a dccreascd cgg laling and loncr dcsdhcan % in F, hlbrids. I n  the 

prcscnl stud?, i I crosses orcr mid parcnt, 5 crosscs o jcr  bctlcr parcnl and 35 crosrcl orcrchcck cxhibilcd 

signmrant ncgsti\.c hctrrosia l o r  cpg ctlunt and J crosrcr ovcr mid parcnt, unc cross o w r  bettrr parcnt and 

28cmsroao~crrhcrkc~ibitcdrignifirdnl ncgatitc hclcrosir lor  d~adhcdrt  % in po~train) scason. Thus out 

of I44 h!brids, 5 crosscs and one cross for cgg count and dcadhcart % rccpccti~cly cxhibilcd high and 

significant ncgatirc hclcroril a!cr bclter parcnt indirnling thc prrpondcrancc of non-dditi,c gcnc action 

and micofu~crdominancc forcgps plant' rharaclcr. Halalliel flL (1982) rtudicd hclcrosir sjrr  1,~tlcr parcnt 

lor dccrcassd cgg la!inp and llcadhcari % and found that i t  *.as prcscnt only in  fcw crosscv ihut mnrt of thc 

hclcrotic clTccts acre non-significant. 

Thc ultimate aim is to produrc hctcrolic h!bridr fur grain ) i c l~ l  u i l h  rheot fly rcristrncr. I n  the 

prcscnt stud! ntajarity ofthc h!brids rcrurdud p,~(ili\c and vipnificant hctcrorir m r r  mid parcnl, ilcttcr 

parcnt andchcck b r  lolai tiller% in lhotl! vcncans,for productirc tillerr in  postrainy scaron and ncg;~livc lor  

uniformit> in rcro!cry during rain) scaron. Significantly high po$ i l i ~c  hcl~rur is  otcr mid parcnt, bclter 

parcnt and chcckaas cxhibilcd fnrmajorilyofcrvssc8 for)lcid-UNI snd !icid-I. Positltc hctcrnsis for grain 

) ic ld nas obscmcd in the majority of h!brids as rcvcaicd by rc\crai aorkcrs (Harcr and Bapal, 1982; 

Mchlra and Barikilr, 1492). 

>fajorily of h lbr idr  (sir() onc hjbrids ovcr mid pwrcnt, 5ixtcen h)brids o lcr  bcttcr parcnl, four 

h!hridso\crchffkin postrainy scason; fi l ly anc h)brids over mid parcnt, h lcnty sawn hyllrids ovcr i > ~ t t c r  

parent in rainy rcason) rhn\!cd posilivc hctcrosis for plant hcight n hich is a dcsirablc fcnturc to obtain dual 

purpose hybrids. Postive hctcroris for plant hcight was obscmcd by Rao (1486). Days 1050% flowering 

mordcd negati~c hctemris (thirteen hybrids aver mid parcnt, lhrcc h ybrids over bcttcr parcnt and revcnty 

firc h)brid:ovcrchcck) during postrainy wason. Earliness is a dcsirablc fcaturc in rahi sorghum toc~cspe 

from dmught riturlions. Negativc hctcroris for ds)s tolloacring has been reported by Shanksrrgouda e l  

uL, 1972. Posi1i.e hclcmsir for days to 50% flonrringrvas also obscncd in aixtccn hjhrida o w r  mid parcnt, 

rflccn hjbrids orcr bcitcrparcnl, fir. hybrids o w  check in postrslny scaaon and one hybrid ovcrchcck in 



rainy scason as supporlcd by Subbaraodal  (1976) and Thank) era1 (1981). 

A pcmral ofthcsc results rercalcd that I ca  h) brids rrhich c~hib i tcd high hclcrusis (ever mi l l  parcnt), 

hctcmbcitiosi~ (orcr bcttcr parmt) and standard hctcmsis (orcr chcck). Thcsc n r r c  SPSFR 94002A x ICSV 

712foryicld-Ll\'l (in portrainy scanon),SPSFR 94002A x ICSV 88088 for j ic ld- l  (in rainy ssaron),SPSFR 

94002A x ICSV 89030for !icld-UNI (in pastrainy season), SPSFR 94003A x lCSV 89030 for total tillcrr (in 

rainy scason), SPSFR 9400iA X ICSV 87015 for productire tiilcrs (in postrainy scason),SPSFR94031A x 

ICSV 89015, SPSFR 14031A r ICSR 93031, SPSFR 941131A x ICSR 93011 and SPSFR 94001A x ICSR 

13031 fur uniforn~ity In rcco\.cry (in rainy scason), SPSFPR 91iI02A \ ICSR 90002 fur Iorr egg count, 

dvadhcarl % andlriuhnmcdcnsit! (in postrainy scn~on),SPSFPR940OIA r ICSR90014 for lolai tillcrs (in 

rainy scason), SPSFR 94Il03A x ICSR 931131 for )icld-UNl (in postrainy rcsron), SPSFR 94IIOIA r ICSR 

13007 fortrichomc density and !icld-UYl (in postrdin! scason), SPSFR 9403lA x ICSR 93ilI19 for trichumc 

~lcnrity (in p o ~ t r a i n ~  scason) and ICSA 89001 \ ICSR 93031 l o r  Iota1 tillcrs i ~ n d  pruduclirc tillcrs (in rainy 

~ C H S U ~ ) .  

Thc h!l~rit l conillinationi scrc further catcgorisc~l ihascd on lhigi~ pcr re pcrforn~ancc for Ion 

dradhcarl% and !rain !icld alongnilh llibh hctcroiis orcr brttcr parcnt (hatcrobcitio~is) fur lorv d ~ r ~ l h c a r t  

%and high grain yicldircrc given in Tnl~ lc 27. I n  rain! scam, thc hjbrids,SPSFR 94Oi12A r ICSV 712, 

SPSFR 94002A r ICSV 88088 for )icld-UNl and !icld.l,SPSFR 94002A x ICSV 89il15, SPSFR94002A r 

ICSV 81030, SPSFR 941131A x ICSV 8903il lnr yicid.UNI,SPSFR 94IIOIA x ICSV 89030 and SPSFR 9403IA 

x ICSR9303l for)icld-1 and i n  postrain) rcason,lhc h)brids, SPSFR14002A x ICSV 712,SPSFR94002A 

x lCSV81030, SPSFPR 94002A r ICSV 89113i1, SPSFR 94001A x ICSR 93009 for yield-UNI, SPSFR 74003A 

r ICSV 88088, SPSFR 94001A r ICSV 88088, SPSFPR 74007.4 x ICSR 90002, SPSFR 94031A x ICSR 

93031,SPSFPR94002A x ICSR 73010 for dcadhcart %, SPSFR 9403lA x ICSV 89030 l o r  yicld-l ~horrcd 

significantly high hctcrasi~ over bcttcr parcnt. I n  thcrc combinations, thc parcnlr must ha!c favourable 

allclcr fixcd at direrent loci to proridc maximum otcrdominancc ahich rvas cxhibitcd through hlgh 

hctcrobcltiosi~. 



Table17 Il!bridr lalrtfrd bnrrd an highperlc pcrformanr~(1or In" drndhran */e and high gmIn!irld) along%l!h hrrrrobrltlorir 

l l l ghpu re prrfomlnrr d l h  drslrtblc h r t r r o ~ l ~  for deadhrad I/. & !$?Id 

Il!bridr 
Rain! reason Perlnln) rrsron 

I SPSFR 91OUl,\ r ICY\ 111 

2 SPSFR 94002.\ r ICb\'88O88 

J 9PSFR94002.\ r lCS\'R901S 

4 SPSFR91QOlh r ICLV 89030 

5 51b5bH 91001 \ r IC$\'?80?8 

6 WSFR PIUUI \ I IO\ 88088 

7 SPSFRIIOOI \ r  lC5VW9030 

8 bl'bbX9403l \ r ICS\'X91130 

9 SPSbl~R9IOlll,\xl( \ \ 'TI1 

In  s r c F v i < ~ r n n l \ ~  ~c$ \ .x ,u r~  

II ~ r \ b r ~ v 1 o n 7 , \  r I c \uvono l  

11 IPSFR91001.\rICS1<93009 

I J  SI'ShR9401l\ r I~S1193011 

14 Sl'$l'l'll9IUOl,\ r lLLIl1)3UIO 

\lcld L \ i , \ le ld  I )11151\1 

)Icld L \ l , \ l r l d  I 

l t r l d  1 \I 

\ lrld 1 \I \ irld I I \ I  

II~ildht111 % 

I1tndhr;ul % 

\ ~ r l d  I 

1 lcld I >I \ ihld I 

ll~,>,Il,,.,d 

\,<Id I \I 

Il<,~dix*rt % 

\ h l d  [ ' \ I  

\ l ~ i d  I llrndllrrrt % 

I)'.~dhr.~d % 

A clorc pcmra l  ~ l t h r s c  rcsultr  ( T a b l c ~  17-19) ind ica tcd  h!bridr SPSFR94002A i I C S V  712,SPSFR 

94002A x I C S V  89030 (for !icid.UNl)o\cr chcck; SPSFR 940112A x I C S V  712, SPSFR 94002A x I C S V  89030 

(lor!iclJ-UI\V,SPSFR14002A r I C S V  88088 (for !icld-I) o r c r  lrctter pdrcnt; SPSFR 94UOIA x I C S V  712, 

SPSFR 940U2A x I C S V  R80X8 (for ! ic ld-UNI a n d  yield-l) ,SPSFR94031A x I C S V  89030,SPSFR94031A 

s ICSR93031(lor)icld-O,SPSFR9400IA x I C S V  88088,SPSFPR94002A X I C S V  89030,SPSFR9400lA 

x lCSR93031,SPSFR94001A r, I C S R  93009 and SPSFPR94002A x ICSR93010 (for p lan t  height), SPSFPR 

9 4 0 0 2 A  x I C S V  712 a n d  SPSFR 94001A x I C S R  93009 ( lo r  t r i chomo dcnri l))  ovcr  m i d  parent ~ h a a c d  

r ign i i l can t  hctcrosir across the  scasonr. 



A criticllc~duationofh)brid combinalionsaith highper s t  prrformancc for lo,,. dcadhrurt 

% and )!old, hctcrosir mcr bctter parcnt, higher csmbining ability IEICRIC~ the ~ u p ~ r i o r i t y  of h!brids, 

SPSFR 94001A x ICSV 88088\rith grain )icld 0177.50 (UNO and 99.25 (1) plant-i, SPSFR94002A x 

ICSV 7 i l n i t h  grain yield 46.03 R l X  nnd 55.97 (0 g plant-i,SPSFR 94002A r ICSV 88088 with grain )icld 

55.25 (LVT and 67.33(I) gplPnt-iISPSFR94UO2A x ICSV 89015 a i t h  57.39 (UNI) and 64.97 (Q g plant-I. 

SPSPR94003A x lCSV88088 with 63.75 (UNQ and 54.12 (I) g plant-I, SPSPR 94003A x ICSV 89030 n i l h  

56,26(UNI) and67.98 (I) g plant-I. SPSFR94001A x ICSV 89030aith 72.88 (UNI) and 55.18 (0 g plant-l 

brionpingto RBR cms x RBR Eroup, SPSFR 941101A x ICSR 9311119 a i t h  grain J i r ld  62.33 (UNI) and 56.00 

(flgplant-1 bclnngingtoRBRcmr r PRLRgmup, SPSFPR940(1ZA r. ICSV 712aith 43.33 (UNI) and 73.67 

(1) p piant-l bcionging to PRBRcml r RBRpraup and SPSFPR 94002A Y ICSR 93111O~~ith 47.88 (UNi) 

nnd 56.71 (1) g plant-i belonging l o  PRBR cms s PRLR group lur  shoot fl) rccistancc (rv mcawred b! 

dcadhcarl %)ai lh high ~ m i n  !icld compared t e r h c o k ~ l  35-1 nhich rccuriical 41.89 and 53.39 g plant-l in 

UNI  and I samples rcspccti\cly. Funhcr tho hlbrids SPSFR 9411I11A I iCSV 8808R and SPSFR9400iA x 

iCSR9300Q arm rrlcctcd during both rainy and portrainy Scssnns ind ic~t ing their potcntisiity during both 

tha rcarons and ma! Irc rrcommcn~icli for aidc auili!aliun nNrr furthcr rcrnfirmatur) trir ir. 

Finail!, i t  may bc conrludcd that I. Breeding for re$istanccaas cNcrti\e in  desclnping 

rhwtfl! rcsibtant cnls line* m d  restorer i i n r ~ ,  2. Thc suscoptibiiity in thclcmnle parent8 Bras o!erdr>minrnt 

in thc h!brid,3.Rcrirtanca,ras rcquimd in hoth thc parants to prrlducc shout fly rcrirtilnt hybrida ~ i t h ~ r f n l  

rain) or portrainy leasonf, 4. Land race gcrmpiasm iincl adapted to partrainy searun including h l  35-1 

could bc uscd as rcrtorcrf in crosses n i t h  Ihc rcrirlant fcmaies to produce rcristlnt h ~ l ~ r i d r ,  5. 

Rcaistanccsas primarily due to osipo~itional non.prcfcrcnrc, 6. Ser era1 merphaiapical, and Icaf p~ramctcrs 

affcclcd rcsirtance in addition to glortinorr and trichomcr, and 7. Searon - rpccilicity war obrcrvcd in thc 

expression ofvnriouf traits srsaciatcd with rcristancc particularly trichumc dcnsily and rcco>cry rcai8tancc 

parsmet~rs,S. l h c  obscncd season-spccit in tho r c i t a n c  a mea$urrd by dcadhcarts might bc due to 

thcab,crvsd diNcrcnees in thccxprcrdon ofvarious traits (scc paint 7). Furthcr, it may also be duc l a  the 

biotypc rpcrfficity. The prcscnt atudica ran not over ruic the ralc of biotypo rprcifirity. Howovcr,further 

controlled ltudica arc required to diNcrcnti~lo tho caurcl far thc ~ lb rencd  lpccificity in  thc 





I'lle insealigi~tions were underlaken to ,tudy lllr genetirr of rhool llg rer i r t~nce in rorglwnb 11)bridr 

~lfc!tupl.l\mic m;hle alerile lines ail11 aperi:ll empll:tris Inn Ihe inilerilance sl'dill'ercnl r l~ar : l r l r rs  ;ta\,xi;lled 

nit11 rllllrlt n) re,i$lance in direrenl re.lrnnr and 111 ertirnate llle nrr;lgo degree ~ u l  dc~rnimtnuc ror rucll 

rllar.lrter\ Ilcsideh informstiun nn l l le Ihulrr<~\i\ ;and nanlre of r11111bining ;tbilit!. 

A iinc \ lerler e\perimenI using ;t lc~lifil ~ n l  I ?  c)loplil*n~ic n l i~ le r l e r~ l r  linc*.~nd Il di terr r  rertorcrr 

in nine~etale.rll\rl ronl:~ining.(x.(n~n~bin;~ti~~nrl sa\ undrrl;$km l i ~ r  Ii l i \ in\r\tig:tlion. I'lw rtrull ing I44 

I~)bridh;~nd 24 p.!rmtsnl~~ngnitI~eigllt~t;lnd:~rdrl~trkr serass.~lu;!lrd ;XI Iiw I n l ~ r ~ ~ i t l ~ ~ ~ ~ t i ~ l  ('rap, ~(CICIITCII 

lnslitute l'nr f i le Senli.Arid 'Tropics lll.'klS,\'l'i, l ' ~ t t~~nc l~c ru ,  Andi??.i l ' rn~le\ l~,  11!di1! in the njin) band 

pl~r t r :~ in)  IIYY5-Y6I \e:$*on\ under nil lurit l itnd :trl i l ir i.~l ~ n r i r ~ ~ n n ~ m l *  n.illt $:lr)ing l u ~ r l r  111'~1111111 11) 

i n fe~ t ;~ l i ~~ t t .  Fir11 rnt.:fil . ~nd  intcrl:~rd* nrre wed In enll.~nru rlt,~ol 11) p~~puI :~I i t )n in :~ r l i l i c i i ~ l  en+ironrnrnt. 

0b~erv; l l ion~ sere recorded l l n  ri lr ly reerllin:! I ~~IIIIT, glo$rine*r, egg CIIU~!, dr;idi~r;!rl 'A, 5'Vfi;lf Irngtll, 5 ' "  

Ie;1faidtlt,5'Vle;lfdrtx~pin~1, triri!oee dunrily, unifimni1.v in ruco\cry. IOI;II tiller*, prodo<li,c liller\.!~eld. 

I'h'l,)ield.l, pldnt Iheiglil ;lnd dab* 10 511% l l~~ner ing.  

On llie Ik;l\i\ ~ ~ f o \ e r a l l  prrh~rnl;lnre h r  diflbrvnt cil;tr;firtcr*, l l lc rt*i*t.~nt ~;I~PIII.I~ line* .!nd Ihgl,rid\ 

in,nl\ing l l l rm Mere supuriur cr~nlp;lred 10 lllerurr?pfible p:lrunl:tl lines ;xnd tlleir <i~rrrrponding Ihyl,ridr. 

'The suaceplible parenlal lines llad rian~licantly n l rm  egg I;~)ing ;~nd lhiglwr percesl;lge ~nfde;tdilcdrt.\ 

con~p;tred 10 reai\l;lnl parenl;$l lines i nd i~ t t i ng  t l l r  t,reeding m e l l ~ ~ j d  cn~pl<~)ed to de\elop tile re\i*f;#nt 

parenl;tl l ine was cll'crti,e. I.e\s number ofegg* in llle re*ltlrer p:~rtnl;!l liner indicz~led 1I1:tl the re*irt:bnee 

in t l ~ e e  l ine is due ~orip~jsitienal nsn.preferenre. 'l'lle egg la)ing :tnd da:!dlle;~rl ?o npre mure durinp r:tiny 

heawn n,mpared lu pmtrainy \earn indic;lting l l le strong rr;tst,nal ell'edh 1111 ll~r genetic conlrrll t;f \IIIIII~ fly 

resirlance, The gennljpes !\'it11 primary rerirranre xere fr~und In be Ihigllly vigen,ua, more ul~~ssy bil l1 

maximum 5" leaf lenplll, 5" learwidtll, S'Vlen~dnapine~s ;lnd lliglt I r i ~ l t nmr  denrily during rainy reason 

c~lmpared lo poalrainy seasnn. Uniformily in  recovery, prsduclien of tillers plant' and producti\e tillers 



plant ', the parameters Illat rellecl reca,ery rabtdnce !rere niore during pu~lrn iny \e;$\on, wllilr con,erw 

s;l-\ 111e cau ni lh q g  h)inr: ;tnd dudheart drm;!pe. Keri\l;tnc parental lines ;rind hybrids rhusrd nvn\imunl 

uniformity in remery cunipard 111 rucceptible parental lines and currrapirnding I)! brida indir;~ling 111.~1 llle 

lillera of resbunt rull i\nrs ;are Ie*a preferred by the rlaonl 11) lnr egg 1;1)ing and lhenre recarered fahl 

comparedlos~(.eptibleNlli~i!m. AlthnugI~ wrceptible cultivarr nnd rerpactire Ihjbridr ahused ihigll tol;~l 

tiller productinn cumpi~red Is  re.\i\l:bnt nnes, Illere nsr  !I,, *ir:nifir;~nl diflrrrnce for produrli\e l i l l r r  

produeli~~n among the hybrids A\ e\p~lwl . l l~esu~rept i l~ le  p:lrml;ll liner recorded lhighcr grain yield pl.tnl-' 

cnnlpnred lo rerblanl parental lines indic~tling the need I,, inapnne thu !ield putrntinl ,>f the re*iil;lnt 

pilren1;ll line* Ihrouglt furlher breeding. Ilw\e,er, the rehi\l;lnl I lybridr ihild \ignilir:tnlly ltiyh! iuld 11.15 

to 1117.95% in pnslrain) *e;lroni th;m their parenLs~ln ,~ca,unt oftheir lhelerotic cnnd~liun. On thr other 

band, the !ield in the rusceptihle Ih)I~rid* n;lr 6.78 10 l86.137~ higher Ih:tn their parenl,. 

Ctrrehtlon +tudie$ re%c:~led III:II 1I1e wedling ch8r;1cter+, l e d  p,tr,intetcr\, l k ~ f  ~l,$tn~cIer\, rec,ner! 

Ir:iit.+, grain )!kid ;tnd :l&tpt:ttion rI~.!rocter\ ~ e r e  correl:~tc~l j$il l t \I\<III# I!) re\i\ l. j~~cc parttnwter> i~,gg count 

tund d u d h u r t  % I  bul llleir interrel;ttion*l~ipr :~nd  llir nl;bcnit~~~le 01 ;~r\,~ciit lt,~n in 111c pitrenth ;and Ih!l,rirlr 

>;ivied in riliny and pr~\tr:!iny re;iumr. 

lnherilanue snd gene .lrtien studies I1;tred on 11) brid group nle;tns is rel;~ti<m III p.trrnt;tI line group 

muma indicated dsminanud inlrrmwlirld wer dr,minrnce fnr *u~rrp l ib i l i ly  la.; n,o~\ured by ray count nnd 

doadhear1 %I in variou* I ~ j b r i d  and parcllt group+. 1Jomin;~nl erne srlion a;tr ~ ~ I ~ w r ~ c d  lor  Ihw wedling 

sipour ;and nun.gln%\inu\s in Ikw trn1pcr;~lure csndilians. he twn  *pcciliuity for trir l~ome den*ity ":I\ 

r e l l s l d  in llte h) brid prnupr deprndina upon tlle type of parunt* in\ol\ed ;find 10s dun\ily l;trsc~ci;tlcd wit11 

au~.eplibilily) appeared to beaddilive. I n  the i~ jb r i ds  ef I'KIIH cms (portrainy +auaon.brrd reri5lanl fenlule 

lines) graup the lrichome erpre\riun during rainy ae:$\en x;h Iknvrr I h t~n  po\lr;liny run\sn. O n  llle other 

hand, it was revew in thehybridr s f  Hl lH rms (r;jiny \e;$u,n.bred rc*iil;ml cms line$ alliuh ruppo r ld  Inn 

demily in thep,rilrainy se;l$nn, and thigh denrity in  lhe rainy reason. Same ual; u l>wrv~d  in the p;lrmLs per 

sealso. Conqideriny gene action for leaf paramelerr it was clear that short lrafdominaler over the lllny leaf. 

Similar resulLs were akn recorded fnr leaf width and lenf droopinas. I n  respecl te uniformity in  recovery 

among the hybrid groups, the hybrid groups involvinr: ruiny srsa~n.bred females recovered well in rainy 



reawn and posmin) seaslln-llred lemt~le hybrid prllups recorered well in  p~~al.r;~in) \e;lu,n den~enalrrlin): 

;Ietlin tile efTecti\mes* ~llseasnn-\perific breeding 1ll;ll l lsd been wed in du,rlopine lhrre r r~kt . ln l  fern;llr 

croups. or I h b  miel11 Ihaw also be due Is  exllence l l l l l le  ditTerenl b i<~l)per  \!illl lime lor due to bolh. T h b  

Illlrqe!er, needs l o  be further confirmed especially in nu.chnice n~ndi l ionr ,  hlenn per lorn~;~nrr  01 I1)brid 

L!nlUpr nil11 rqa rd  Is  different rll;lr;lrlen related lo *Iloel fl) rcrialrnre rc\r;tlad III;II lllr \has11 fl) rc\i\t;lnce 

iarma;nured by de;%dhe;lrt %)and itsinaoriared lr; i ih(Il igll wcdlinp !ieoar, lhigll fil,~rrinrr*, ltipll trirlt,~nlr 

den\it) ;~nd Inweep la!ing) the hybrid grrlupr of Hl lK rma \ I'HI.I(. PHllK rnl* r I'KI.H, KI tK mm, k RltH 

rind I'I<IlH ilns r Hl lH r~ereercellenl. On the rltllrr Ih.#nd, tlte Ih) brid e roup \<~ f l< l tH  rm.; r SIIH, KI lH unr 

\ I'H1.H. I 'KIIK rnlr Y 1'RI.H end Sl l  cnl* k 1'KI.H were perlornmd n r l l  litr r<,ewrry ;I* rcllrrled b) llielb 

produrti\e filler nuntl,er. 'I'll. lhybrids imulsing PHi.H gruup :s* rc*lorrrr iHIlK cnnq v 1'KI.K 2nd I'KIIK 

rma x I1I<I.KI \rere e;trly :,nd 1;1lI in  ;~ii m,irons,ml\ during 1111111 \ P : I \ O ~ \  comp:~red III I~yi>r id\  in,ol,ine 

susceptible lineernup* ISll cmr ;and SltKl >rhirh vcre 1;tle;lnd d w r b  The r;~rline\* ob\er,ed in the rurirt.lnl 

11)brid croup‘ n~igl>t ronhr :*d,;lnl;tee in err.bping the iornmunl) occurring 1rrmin:tl d r ~ ~ u e h t  in po*lr;iin) 

\e>twn. 

('~inibining ;~l,ility \tudier re\e;iled Ih;~t ;!!?lung line* SI'SFII Y41131A IQlr \redline \ig<nlr, g111\*int\\, 

de.$dltairt R. 5'"eof drwpine\r and uni f$~rnl~ l !  in reucncr) I .  \l'SFK V4iIttI A Il,lr ceg 1;a)ing. 5'h1ei~fwidll~ 

:~nd pkinl Ihccghll, hl'SPIJK VUlill A I L r  Irirhome denhily and Islene\*), SI'SFI'H '14i1117A i l i l r  5'' Ie;lf lengII11, 

ICSA XYOOI IRlr 1nl;~l tiilcrr and )ield.ljNII, SI'SFK 94llillA Il im yield.1 and ciirlincr\l sere Ihu bsrl esncr;ll 

conlbinen (or r;$iny se;~\ss, Ilurine porlr;*in) w u l n  ICSA l i t  i l i l r  wedling bigour. 5'Ve;lf drw~pincr*, 5 *  Ir;lI 

length. jield.1 and eiwlinml, SI'SFI'K YJ(lIl7A ( f i r  plrr;*inhr, q e  hying and derdlle;irl %I, hl'SFIIH V4itillA 

ifor tricl;,tn~e den\ilyl, SI'hFK 1)41131A Ifor uniformily in reco\er!), ICSA XYIIiII I l i lr 111I;lI l i l lrrt l, SI'SFK 

VUlOlA (fit? prsducli$e tillers ;lnd t ield-LNII, \I'SFI'H 9411115A ff,~r pl;~nl Iheigl~tl i ~ n d  I 'SFK ')4ilrllA it l lr 

htene\s) were \uperinr conlbiner~. 

Among leslcrr, ICSK 93010 Ifor heedling vipeur, 5'L Ie;fir Imet l~,  S'Veaf widtl~, 5" letlf drts~pine**, 

uniformily in recovery and plant height), ICSK 9301 I ( L r  ylosrine*sI, lChH Y30iIY Ifor eeg Iuyingl, ICSV 

XXOXR ihlr deadheart %), ICSV 712 (for lrichome densily and Iatmbsl, ICSH Y3113I ifor unifrlrmily in 

rwnery,  p r ~ d ~ ~ L i ~ e t i l l e r s  and ra r l i nm~]  und ICSH 90005 (for yield.UN1 2nd yield.11 were liund Is  be llle 



Do1 Eeneral combiners duriny rtliny reasen, ICSH 9.1010 lfor reedlinx ,iCaur. S"lr:~f leneth, 5" lenf aid111 

and phnt  hekhll. ICSK 9.W1 I 1R1r gle\rincs, unifnrmily in  recwery,! ield.lINl ;lnd e;~rlineral, ICSR 951151 

l h r t x g  hying). ICSV XSOXX 1R1r de~dhparl %and Irirl~c~me denrit)). ICSH YJIIIIY 1 5 ' ~  Ienldrnnpine*aI. ICSK 

891176 Ifor fntal fillera, produrlibe tillers and htlenesrl ;lnd ICSV XY030 1)ield-I1 nrre found 10 be besl 

ronlbiners for psrtr;~iny \e;hann. 

h pen~ql l  nfl;CA elfwls in ren~bin~~t iun nil11 hiell per $ u  p t r l ~ r n ~ . ~ n r e  l f i ~ r  low dendl1r;lrt % !sill1 lhiell 

er;lin)ieldI twer lauawv,nr rere.~led tI1;1f. hI'SFI'II YJlllllA II 'KIIK cmal for lhigll reedline \ ip t~ur :  S13SI:K 

Y40IIJA IKIIH marl ;lnd hI'bFI'K Y4OII7A II 'KIIK tnn l  h ~ r  I l iyi l yloasinu*\; Sl'hFI'H 941107h II'I<IIH rmal 

l11r low exg count; SPSFl< 'I4110IA l l < l lH  un+I lor t r ic l~o~nc dcn\il j : hl'SFl'K 94lltl7,\ I I ~ K l l K  <III\I for SCh 

IeaSlenglh; SI'SFI'K 94007A I I 'H I~H rln*I fnr 5jh Ieafdrnopinr*r: SI'hFI'I< Y41107,\ II'I<IIK csr! fur lhiyll 

~!11ifllrlllity in reco!er!; SI'SFI'K ~1411115~\ l l ' l<ll l< <">,I fgtr l~l81111 Iheighl; SI'SFI'K Y411115,< ll'l~l~l< CIIN for 

I.llrnr\r ,$ere found 111 ih;l,e dr*iralilc l;C,t ell'ecl\ ;lcrom tile *c;lren\ i.e., dllrinc 1111111 rainy ;~nd  pnrtr.kin) 

\eil\on*. 

4 f ~ l r l l l r r  prrur,~l 111 SCh ~,lTcrt\ wrr  tlw t!r<t \e:lr<ln*, re\e:~lrd 111:1t, l lw \('A rll'crl\ .ere 11111 

~onhihlent for n~d,iurit> ,1f<ln,trt8cter~ Iiw t w  wm<~n\ etcvpl rcr lhyt?rid\ ll:S,\ KVllll4 \ II'SV #Yll.lll ll<r 5'' 

I~~flun~ll1l,SI'\FK'Jd131A r ICSK 931131 l l i ~ r  unifirnlity in recwer)!. SI'SFI( VJII3lr\ k ICSV 711, hIDSPI< 

1J4ll03A I. ICSKYO11115. IC'SA Y11001 vICbl( VJlll I lfnr yiuld.li, SI'SFI'H YJO112,\ x ICSH 9.llllll l l i l r  I;~lanr*\l 

; ~nd  SPSFI'H 94lill7,\ Y IChV XX(IXR i h ~ r  pktnl Ileighll. 

SI'SFK Y4IlIIIA x ILSV XXOXX l h r  e88rly reedl in~ rigour), SI'SFK 9411111,\ x ICSI< P11I105 I f i l r  

gl,~\rines\, ~ y c , l u n t  and unil lrmil) in recmery I. SI'SFI'I< 940115A x ICSV 712 (for de;tdhe;lrt '7.1, I(:<* 111 

x ICSH YOII14 IRbr l r i r l l l~mv denrilyl, SI'SFI'K Y40OIA x ICSV 11911311 I SVe~ l l eng l l~ ) ,  SI'SFK 'J411112A r 

lCbK 930111 llor 5 '  le;lf>ridli~l. SI'SF121< 94005A r ICSK 93011 (lnr 5'~1s;fdnspines~l, SI'SFI'K Y411112A 

\ICSK 1191176lfi>r total tillers pl;lnl 'I, SPSFK Y400lA r ICSI< 9301 l Ilnr prndurli,e liller, pl;lnC11, SPSFI< 

94001A x ICSK '43011 I l l r  l ield-UNII. SI'SFK 94031A r ICSV 712 (for yield-11, Sl'hFK 94lIIIIA 1 ICSI( 

YUO02(lnr parlinm),SPSFI'KY401IlA x ICSR 93010 (lor lulenessl. Sl'hFK Y41131A n ICSV XY1115 l l l r  phlnt 

Iheight) in  rainy $e8son ;and SI'SFPK VJOOIA x ICSH 90002 (Rnr early seedling vignur and phlnt IleiEIlt 1. 



SPSFR 91031A \ ICSK 93IIJlIfor glosainns!, ICSA 211 % IC'SK YIIIIlI2 1h1r egg L.o!bnt!, Sl5FI'K 9411l15A Y 

ICSR 93009 (lor de;~dlte;trl ?r :Ind 5'kle;~flenyll~i. Sl'hFI'H 941107A \ ICSH 89076 l l i l r  I r iu l~omr dcnrilyl. 

ICSA 90002 x ICSH 93009 tfi lr 5" le;~fnidthl, ICSA XYOOI x ICSH 891176 l111r 5" Ir;ifdra,pir~m*l, ICSA 

89001 rr ICSR 930119 IWr unifilrmily in  rerojergl, SPSFK Y4OOJA x ICSK 9IIIII4 Ifnr lola1 lilierr phnl"), 

SI'SFR 94002A r ICSK 900IIS In l r  prnducli\e lillera plsnt"1, SI'SFH 94llllZA \ ICSV 712 IBlr )ield.llNI!. 

ICSA 89M)IxlCSK 90002 [fnrj ir ld.l l. ICSA891101 r ICSV 712 l f i ~ r  r;brlinea\l ;~nd SI'SFI'I< 94llllSA r ICSH 

891176 (far lalmes,l in  porlrsin) \eawn !\ere noticed 118 B:I)P Ihigll SCA efl'ectb. 

l'lie re*ulls re\eitled tlle presence I I ~  Ilia11 v;tr$ti<~n in Ilr ler~tsir Ilscr tnid p;trcnt, bcller p:urcsl !lnd 

check &!mong different cro\\e% l < ~ r  :all :$!tribute\, during I ~ o t l ~  +?,t\on\, < critic;~l e!i~luuti<~n 01 l ~ > l j r i d  

rombinationr $tit11 Ihigb p<.r vu prrfi~rm,lncu for I,,s de:ldl,e:trl I sill! Itiglt Ihcler<,\i\ {ner bc l l r r  p;trunt :ind 

cumbining ability rmc:tled l l t r  l l l l t ~a ina  ruperior lh! brid5 Ih:!)ing lhigl~ gr.lilt ! i ~ l d  in pl~\tr.!in) w;*\os: 

SPSFK YIIIOI,\ r lChV XWIIXX \sit11 firitin j i r l d  ~1177.511 IUH l I  ;!ndYY.15 Ill g pl:tnt.I. Sl'SFIl 94IIII2A t 

ICSV 712nitll grain ~ i r l d  +6.llJ I I N l I  .$nd55.97 Ill g pl;tnl-I,SI'SFI< Y4IIIIIA x I( 'SV 88llXX !,ill) grdin j icld 

55 .251UNl ! ;~nd67 .33 l I ! ~p I~1n l . l ~S I 'S~~  94llIlZA x ICSV UYlll5 \!ill! 57JJ  I l IN l l  ;$nd 6d.97 111 fiplIint.1, 

IrllSFK YUIOJA t lChV 8XllU8 !<ill$ 63.75 1 l V l I  ;and 54.42 Ill g pl;lnl.I. hI1hFK Y$lill31\ % IC'hV WOII30 ail11 

56,26lUYI!nndh7.Y8 I I l g  p~~nl-I.SI'SFI<'J4IIIII.\ x l l ' h V  891130 u i l l l  72.18 I I ' N l l  ;nndSS.lU l l l g~ I .1n1 - l  

belonging to K I I K m n r  IIIIK eruup. SI'kFK 94llllIA t ICSI< Y30ll'J ,+ill1 er:$in yield (b2.33 tl:N11 ?and 50.110 

( i ) g  plant.1 1beltmfiinl:lo K118 nlhx I'I<I.K gntup. SI'SFI'K9UI02A x ICSV 712 nil11 $3.33 ILINlI ;xnd 73.67 

Ill g pbln1.l I,rlonging to l ' l t l l k  cmr x KIIK g r w p  ;and hl'SFI'I< 94IIO2A x ICS1< 'J511111 s i l l?  47.18 l l lNl1 

;md56,72tll gplanl - l  belmfiing 11, I'KIIK r s \  x PH1.H group cc~n~parad 10 rllvck h1 35-1 ~ ~ l l i r l l  recorded 

41.89 and 53.39 fi plan1.l is I ' N I  and I r;lmplr< rrapeclivrly. t'urllber l l t r  Ihjbridr SI'SFI< Y.lllllli\ r ICSV 

88(IXXundSI'SFH YIOOIA x ICSK 93011Y streraleclcd during bot11 riiiny and po*lr;$iny ae;$r,lnr il~diralin): 

their perenlialily durinfi boll! the \ensrln* and may be rrc<lmnlendvd lisr ,ride rulli,;llion tultur lbrl l lur 

Finally, i t  muy be concluded that I. llreeding for re.;irtsnce war effectiw in de r r l~~p ing  rllnsl fly 

resislant crns line% and re*lorer line.,. 2. 'l'lle rurceptibilily in  the hmnle parenla w;t* e$erdnminanl in llle 

Ilybrld, 3.Haictnnee *:a required in bolh llte parents to produce rllut8t Ily rerBlanl Ih)I,ridc eil l lrr fur rainy 



or pwlrdiny +e;lallnr. 4. I.;lnd rnve gerntphlam l ine ildilplcd to pnhtritiny *e:l\lln intluding h1 35.1 ctnld 

beusedasrctnrarsin crok* ,$illl the re.ii\I;jnt fen1;lleh Is prllduce re*i*l;lnl It) bridr.5. Herirlance \!;I* 

primarily due to eripo*ition;ll non-preference, 6. Se,er;ll n~arpllulogir;$l, ;and ie;lf p:$r;lmrIers ;IITecIed 

r~b lanre  in addition In glo\\ine** and Irirl~enta,;and 7. Sea\lm. rpecilicily u:tr obaened in the r\prehrion 

of\arinas Irail~aw~LaIed -ill> rmi>t:~nce p.!rtimbwl) Irichnme den+it) ;and reuner! re\i\litnce pdr8bnleler%. 

8. Tile nbrertd ae;~y~n.spn'ifirily in llle resi*lance as nle;lrured by de;ddllr;lrlr nligl11 Ihe due !,I IIle t~bwrred 

differences in lhe erprrsrien nf t:trinus frail< lrce poinl 71. Furlilrr. it 111:1y :11*11 lbe due to llle biol!pe 

rpartiril!. 'l'lte prnrnt amdin ?;in no1 o\cr rule lile ~rnle elf biot) pe rprcifiril). Il l lae\rr, furtllpr rentra,lled 

\ludiei~re r~quired lo dilTeren1i;tle tl~e cb~u\m for 1I1e nb\er!ed \pecilicil) in l l ~ c  r ~ ~ ~ i ~ l ~ ~ n ~ c ~ ~ ~ ~ ~ ~ e p l ~ l ~ l e  le$el\. 
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