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INTRODUCTION 



I. ZKRODaCTZOir 

^anfloyfr (StUfilKUuia aaamift 2^)» • Mirttr of tte 

ttmHf OoapositM (Aat^raoea*) la « B ijipertBiit •!! •••« orop, 

ranking aaoondl In tha varld pradmtiwi of atflbla ail* 1% ia 

ballarad to hsTO ariflnatod In Maxloo and Oantral Aaariaat bat 

onAautotaAly ita Aoaaatioati«A aa an oil aoad orop vaa firat 

atartod in OSSR in aarlj part •! ninatoontli eontury* BowoTor» 

with tho dorolopment of Tariotioa in Ruaaia with high aooA 

yiald and oil potontial in 1960*09 ita aoltitatioa haa aproad 

to othor oontinanta* Zn tlio yoar 1980» aunflowor vaa grovn 

OTor 11*61 aillion boataroa in varioaa parta of tho vorld and 

V M & alttoa aooountod for 59 par oant of total vorld prodiaetion 

(Anon., 1980)* tho dorolopaont of aunflovor hybrlda in oarly 

1970*0 in IVaaaOf Boaania* and USA haa ftarthar inaroaaad ita 

aaopo and iaportanoo in tho world odihlo oil trada, 

larfo ooalo ooltiTatlon of aunflovor in India aa a 

aouroo of odihlo oil vaa atartod in 1972 vith tha iatrodiaotion 

of high yiolding Roaoian rariotioa. tha aoltiyara E0,68414 

(Pax^odovik) and £0,68415 (AraaTir8lcl4-5497) voro found ouitahlo 

for our ooantx7 and io grovn proaontly in a n j atataa* 

Boing oaaontlallj a orooo pollinatod orop« it oxhibito 

hotorogoneitir vithin tho T&riotal population* Arior to tho 

diaaoTorj of ojrtoplaamio aalo otorilitr by laoloroq (1966)t 



tht to««4tnf vaa aainlx t* d«v«lop superior populations 

f ellowiiic tho mothodo of populatioa broodiac* lovortbolooo, 

lA rooMit yo«rc thoro io shift la tooodinc toolmiqat firos 

population laproTomont to hotorools iMrooding ^ vay of dovolop-

lag olBfflo orooo ligrbrido* %tarid oimflovor i» proforrod ovor 

proooatly grown opon pollinatod Tariotloo ia TIOV of thoir 

hoaogOB^t7f uaiformitj aad iapartiag otabilitar to tho produotiea. 

Booldoo, liylrid omfloworo aro aoro oolf fortilo, thus ohowiag 

onhanood oood oot aad oood filling (Sootharaa, 1980» 1961). Tho 

•alao of h/brido la auaflovor produotloa wao rooogaiood long 

hook in aoa/ oountrioo partioularljr la Traaoot Soaaaia, OSA 

aad Oaaada aad tho first ooaooreial hybrid was roloasod la 

fk«aoo as oarlj as 1969* 

Xa hotorosis hroodiag prograaaost tho kaovlodgo of 

rolatlTO rolo of goneral ooabining abilltgr (goa) ond spooifio 

ooahinlag ability (soa) for qaaatitatlTO oharastors lafluonolag 

Xlold aad Its ooaponents is •ory nooosaarj in solootiag tho 

iabrods as paronts for tho produotioa of suporior hafbrids. 

Spmgoo aad Tatiai (1942) doflaod %sif as avorago porforaaaso of 

a liao la sororal hylarld ooabinatlono aad %oa* as tho of foots 

ia oortaia spssifis ooabiaatioas vhloh sigaiflsaatly doriatod 

froa *goa* on tho basia of arorago porforaanoo of tho lias iarolTo 

Xho liao X tostor analysis is oos of tho slaplsst aad sffloiont 
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••ihAAs 9t SMMsiaff oombiniaf abilliar •' Itocft iiiaib«r 9t latetA 

lilies* H a s otthod has b««a follmmd la sunflovsr and la wuaj 

•tlitr crop plsats (Klll«r aad £••• 1964t ^burthj li lL*» I967t 

Shaiynrs Oovda, I970t Sindagi, I972| Sttt/ and Basodto Singht 1977 )| 

tht pr«««nt study Is sa attsapt ts asssss ths utility 

•t 22 pvoalsinc iĴ tosd llass ss parsats la ths hstsrssls lirssdlaf 

pregraaas by lim x tsstsr aaalgrsls. Sixty •ix h3rbrlds» prsdussd 

hy sxsssiag 22 iahrsds with 3 tsstsrs* wars stodisd for thsir 

seaMning ability and sxtant of hstsrosis for iapsrtant yisld 

sad yisld attribtttss. Zhs sbjaetlTss sf this study wsrsi 

1, fo asssss ths gsasral and ^ssifls soablninc 

ability sf iabrsds and to sstioats ths sxtsnt 

sf hstsrosis in rsspsst sf yisld sad yisld 

attribtttss. 

2« ffs idsntify sapsrisr iabrsds for fttrthsr 

atilisatioa la ths produotiea of hybrids and 

syathstiss. 

9* Ts laidsrstaaa ths gsns sstioa for Tsrious 

quaatitatlTS eharaetsrs. 



REVIEW OF LITERATURE 



ZZ. RSTZIW 07 UTBRATOUE 

A9 sunfloww la nn highly oroM polliaattd oroyt it is 

idMllj sttitcd for •zpIoitaUoa «f l^toid Ticttiup. Za tht 

f M t V 4 4«oad«« th« improTOiMnt in this srev vfts aaixay throu^ 

ats« ••Itotion and ]«ourr«nt s«le«tion prooaduraa whioh raauXtad 

in th« davalopaant af popuXatiana* Siaaa 1970 marm aaphaaia 

ia halnc givan to tha daralopaant af hybrida and thia haa baan 

paaaihla dua ta tha diaaorary af oytoplaaalo-ganatia-aala 

•tarillty in thia arop* Iha firat atap in tha davalopaant af 

hyhrlda ia tha aalaation af paranta (inbrada) with good nioklng 

ability. Of tha aavaral awthada arrailabla ta aaaaaa tha 

aoabining ability of inbradat lina x taatar analyaia ia oaa 

idiiah ia aiapla and affioiant* Za litaraturat thara ara not 

aaay raparta an tha utility mt liaa x taatar analyaia in tha 

atttdy af aaabininc ability and hataraaia of ataflovar inbrada* 

fha fallaviac rariav ia an attaspt aada to aaapila all tha 

partinant litaratura anrailabla in thia araa* 

la tbi atody af larga nuabar af inbrada and thalr top 

•raaaaa with tha Tariaty Sunriaa at Maaitaba (Canada) ^ 

ftaaaal (1993)» it vaa raraalad that oorralation ooaffioianta 

batvaan daya ta flavaringt plsat haight and haad diaaatar 



B 

of iMap%A» mad warn ahara«t«rs in tb« top erooaoo noro 

pMltlTO and fedftOj oifiilfioftnt. Bat ttaoro M W no MUti«ii-> 

•hip iMtwooa th« 10 pimt oharMtors •!«•« yiold of inteod* 

loaf oroot plant holglity dagra to fXoworlnc, daya to naturitTt 

atalk dlasotovt IM** dlaaotor* raat i«tinfft •ifatv vatinc and 

par aont lodgod planta of ttao Inbroda and ooabinlng ability 

for yiOld in top oroaaoa* 

In ttio mXvAf of top oroaaoa with I^ and I^ iabrodat 

Sohalao (I960) obaorrod in tho progonioa» a fov vith good and 

otliara with poor ooabininc ability in raapoot of aood yiold* 

1000 aood vaii^t and oil ooiil«it« Aa ao«o proganiaa cava 

hifhor yiold t t m that of ttao toot -variotj» ho oonoludod that 

tho top arooa nathod ahould bo uaod for tho prodiiotion of 

hybrida* 

Aitt (1966) oboorrod aignifloant f^iaral ooabininc 

ability and apaaifia oonbining ability affoota for aororal 

eharaotara* IHiaaloa af QOA Tarinoa vara froatar than 80A 

variaooa fOr daya to aaturityt biiahal waifht and oil aontont* 

Xoraoik and Skaiood (1972) in a 4*parant diallal arooa 

obaarvod tho aicaifleant diffaraMoa in faa far plant hai«ht 

and aaad yiald par hood. A high aaa tor aaad yiold por haad 

and oil aontont vaa ahown ^ oeabinatiena ot linaa dariirad froa 
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Biuqpa*^ and Slorcnskaaiva* fh« ratio of TarlatoUity 

•OBtpoiunts of ioa aaA sea vaa li9«64 for oood voXglit por hoad 

iadloatlng that ooltablo hybrids rathor than jparontal llaoa 

ohoald bo ooloetod* But It vao oppoolto In tho oaoo of 

oarllnooo vhoro ooarroapendlnf ratio was 111* Zn aaothor otudar 

KXoosowakll (1972) obtained pooltliro oorrolatlcm botvoMi §•• 

and ylold* Shlo vao oonoldorod Talaablo In doroloplx^ hlgli 

yloldlng oynthotlo Torlotloo* 

XIlaoT (1972) otudlod 30 Sorlot varlotlos by polj-oreoo« 

top orooo and dlallol orooo aothodo* Good goa vao fouaA In 

Toronoah-151f 0haklnakll-2S9« Ohomyanlca*66 and %ilool and 

•odlim foa In tho moro ooaaon varlotlos Inoludlng Porodorlk 

(faniiwrd)» AnMnrlrolclj-5497f TIIIM&^540 anfl yHXZM£-164S» 

vhllo TMIIMK-asS?, •NXZMK-8931. Vootok (£aat)« Tynpol (?onaant), 

Sffiona (Ohanco) and Xuoh (Bagr) all had poor foa. 

Anaohohonlco and Boahkova (1974) aado a otû r̂ on 

oonblnlng ability for oood ylold In onnflovor* (kit of 39 llnoo 

OTOluatodt tho hlghoot foa vao ahovn by K.2X40 of Auotralla* 

Good oea vao idiovn by tho Baoolan varlotloo i^atnlk* Zarya 

(Savn)^ ToaJchod (Aooont)» SaratOT-2114 and IC,2060 from Iraq 

and K«2I7I £ron Roiaanla* 

High OOA tor oood ylold In ouoh rarlotloo ao Ara«Tlr-lS13« 

Ohoxnyaidca and Sputnik vao oboorrod by Anaahohonko li iL* (1975)* 
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Xgralyoshkla and S|i«roYa (1975) «t Mol4«Tiaa BxpcrlACiital 

Station, olmmrwA that llmm Mtting U M t h n 50 p«r etat •£ 

•••At on ••Iflnct 8«n«nilljr had • higbmr nam than ••!« 

aat«fUNia« fonui. An •TaXoatloa waa aada an 150 lin«^ twt goat 

93 99^ oant ttf tte f̂  Itgrtxrld* a^taiaad, •^•••^•A TXZI^-lfiiS 

in 9—d yi«ld ^ 5 ^ o/ha* 

loatyaoliaiiko (1976) •resaad alartti liA«^ with aix 

testers and aatabUabad a diraot •azr^latloti batw «̂n th^ yi^ld 

•t Xiami and th^ir rvap^^tlr^ tepHiros^ hybrids. Hi|^ yielding 

Uae« kiad hiili foa tor yi«ld* 

8«tt3r and Baaudao Singh (1977)* in a Una x t««tmr 

analysis iav«lTing 10 inbr^d^ and 2 spsn pollinatad mmtlmiw 

•ariati^s studiad Tsrioua •ooaontio oharaotars and found that 

g«M astian for flowsring* tasad diaaatar* aâ d fllliBg, hall 

•ont«it and •••d ji^ld vaa prsdoBiasntly nonradditiv* but i t 

mm additiva for dsys to 75 p*r oant aaturit/ and plant hsight* 

liirlOT and BuntorakU (1978) in thair vtu^r villi S liMa 

•htmrwA that gaa far a««d yisld and oil j i t ld p r̂ h«otara 

d^and aor* en oovironaantal oonditiona* Whila i t waa not ao 

for oil oontont* Xho lina^ Oa.2586 and K«595 had high gaa 

for aoat oharaotora and var* pronioing. 



8 

I«VMlk and WetJiovA (1978) ••i«Uiili«4 Uttwrmm— in 

oombinlng ablliV for plant iMiflit and aohena ylaI4 Aran tba 

data raaordad an a vida ranga af aharaatara in parantal llnaa 

and tajtarida. 

Manjunath (1978) atudlad tha canatlaa of aoiia quanti* 

tativa aharaatara in aunflavar* An«ly«i« at data trtm f̂ » Fjt 

BO^, BOg fran a 10x10 diallal 9TO»9 atudy ^«a ravaalad tliat 

dominant x doainaat gwiB aation vaa a«ra lapartant than dominant 

gana aation far dara to flovaringt i « ^ attabar* langth and 

braadth, ataa firth« ratio of haad vaight to aaad yialdt 100 aaad 

vaight and aaad aaabar por haad* Bttt» tha rmwm* vaa tnia 

far plant hali^tt haad diaaatar, haad vaight and aaad yiald. 

Doainaat x dominant waa mora iaportant than additiva x aoainant 

gana aatlan far dajra ta aaturitjt bat bath vara aq,«ally iap^ant 

for potiola loagth. Spiataaia vaa iitortant far raj and braat 

wbai' and ail aast ant* In ganaral, www doaineiaoa waa 

pravalant and teainaat gaaaa had paaiti'va affaata* 

Stodiaa nada Iqr Roahkora (1976)« la tha aanflavar 

aollaationa rarealad that 19 w*^ o^&t wt tha linaa had high gaa* 

Thraa taatara prorad aignifiaant to datamlna tho aoa of tha 

linaa atodiad. 

Soahkara (1978a) in har anothar atudj dataminad gift 

af 64 variatiaa and Tariooa inbrad liaaa hf aaana af tap aroaaaa 
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luiBC 4 t«at«r«« A lint froa •ari«tar Sputnik ihowwA hich goa, 

a« 41d 18 othar fonaa* InoXuding PtradoTik ttIuoh«h«miyi (Zayrorad 

Tancuard) and a llaa traoL tha Tariatj 6-22* Soaa raaiprooal 

differeneaa in gaa vara fiBund and tha linm Zha*17 ga^a aara 

hataratla progan/ whan uaad aa faaala rathar than aala* 

Sudhakar (1978) otoaarrad aignlflaant aaa affaata anlj 

in aaran aut 9t 27 tap araaa l^toida far aoaa af tha aharaotara 

atudiad lika aaadliz^ heii^t* daya takan ta flawaringy ataa 

firth and plant haight* Anoag faaalaa Kiraanadarataat RM«62« 

HS.53 had good goa affeata* Mon-additiTa gana aetion waa 

pradoainant for aaadling halght« plant haight, daja to flotfaring, 

ataa girth* haad dlaaetar, daya to 75 par oant aaturitx* nuoiber 

af fillad aaadat voluaa vaifl̂ t and taat vaight* wharaaa gana 

aatian waa addltiva for niiabar of laavaa» plant yiald, hall 

oentant and oil aontant* 

Alokaaav fii §X* (1979) dataminad tha goa 9t liiort 

ataaaad ixlbrada Hy top areaaaa with tha tall Majak and Zanit 

ani tha ahart Bonakoi niakaroal3ri«47 and Charx^anka-66« High 

gaa for aaad yiald vaa ahown hy auoh hyhrida aa V95» 3/102t 

4/19» 9 A 1 and alao by 0hamyanka-66« 

Sindagi li il» (1979)» obaarrad that tha aatara of 

gana aatian vaa pradoainantly additiva for tha eharaotara 
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•iudittd in a lin« x te«t«r analysis inrolviag 11 intosA linss 

•nd 3 opsn pollinated sunflowsr varieties. Amonf fsaalss 

82-RR-234 and 3^-69674*91 were good owibinsrs for yield and 

yield oomponentSt while S^-lGl proved to be the best oombiner 

tor oil oontentf hull oontent and test weight. Crosses 

S2-I45-I/64 X Horden, S^-69874-91 x Reason Reeord and 

S2<-413-2/151 X £0.68415 gave high sea effeeta for the number 

of filled seedst yield* head diaaeter, oil oontent and test 

weight* 

Ileteroeis is inoreased Tigour of the f^ of a eross 

over the mean of the parents or better parent* Various 

hypothMfis have been advanoed to explain the phenomenon of 

heterosis* Aeoording to the most aooepted hypothesis* 

dominanoe, over dominanoe and epistasis (inter-aleltie 

interaotion) all aoting together produoe heterotie offeet* 

Uabura (1958), studied heterosis for yield and yield 

attributes in 100 eroases of sunflower and found heterosis in 

25 hybrids only, with respeet to growth and oil oontent* 

Xovaoik (1959 and I960) made several inter<-varietal 

eroases and observed that seed yield in f^ obtained was higher 

than that of both the parents and ths extent of inorease ranged 
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firoa I to 20 pw o«nt« I>iff«r«iio«a vtrt alao obMrrtd with 

retpeot to oil eontoiit« bat only a tw hybrid* onoooded th* 

paronta* fha f̂ ê vara aora viforoua and flovarad aarliar 

than tha paranta* 

Kiimik and Zallaa (1962) vhila ooaparing tha profsilaa 

Sroa aalfad and oroaaad aaadat oh^wr^A that planta trvm 

oroaaad B—AW flowarad 3 daya latar and thay vara 18*7 par oant 

tallar* 4*2 pr oant highar yialding and 10*8 par oant highar 

in 1000 grain waight* 

BopoT and tasaroT (196'9) daralopad inbrad linaa from 

high yialding variotiaa and r«portad that aingla oroaa and 

top oroaa hybrida axaaadad thair paranta in oil aontant and 

aaad yialda* Sooa intar-^variatal hybrida anaading thair 

paranta in aaad yialda vtrm alaa obtainad. 

Haagtt aaS Oatrina (1963) affaatad diraat aziBl raaipraeal 

aroaaaa batwaan Timiaara linaa aharaotariaad by hi^^ aaad 

produotion* Oat of 18 f^w atudiad 4 ahovad hataroaia for 

aaad irai£̂ t par plant 10 tor aaad yiald par haotara, and 6 for 

oil aontant. Moat of tha hybrida aaturad 1*2 daya aarliar 

than thair raapaotiva aarly paranta and 1-5 daya aarliar t h n 

tha atandard Tariaty VNIIMK-ea^l* 
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8ehu8ier (1964) aade studies on hsterosis and inbrasdinf 

d«pr«8sion In aunflovtr hytoids and obsarrad tbat, aora than 

90 par oant of tha Itybrids in thalr study axhibitad hataroais 

upto 47 par oant oirar tha baat population. Hataroala for 

aaad yiald was t^to 70 par oant in 32*8 par oant of tha hybrids 

and 18 par oant of tha hybrida ahowad hataroala for kamal 

paroantaga and oil eontant raapaotl^raly* 

Hataroala for plant hal^t and saad /laid vas obsarrad 

in a study of 8 sonflowar hybrida by ^tt (1966). Soarbak 

(1966) obtained intar->Tariatal l\/brids with lev husk aontant* 

Crabaojuk (1967) in a study of v^ys of using inbred 

linea of aunflover in breeding for heteroaia* obaarved hataroala 

in interline hybrida for yield upto 54 per oent over standard 

variety TinZMK.1646, 

Kleosovalcii (1967) aoopared inter-irarletal hybrids with 

interline hybrida for rarioua qualitative and quantitative 

oharaotara* He obaerved higher heterotlo effesta in inter-line 

hybrida than Inter-varletal hybrida* 

KlooBOvalcil and Xblodaiajosak (1967) ooapared Interline 

and line x variety hybrids with 4 oheeks* Mono of the hybrids 

were earlier than atandard variety Borovakii* Interlias 
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hybrids 7l«Xd«d b«tt«r than ehMkt* A f«v l^lirida •quailed 

th« olMOk •ariatias* Itoadovik and Saaaa in oil and kamal 

yaroantaga, 

Traaeaaaa (1967) affaotad 125 and raaiproaal aincia 

aroaaaa 1»7 artifiaial hytaridiaation batvaan S,*8. iî hrad lixiaa* 

27 hytarida gara hataraaia twt aaad yiald raofinc fraa 9 ta 

28*8 par aant avar tha baat oliaak variatr TliZIMX-6931* Iha 

baat liybrid had oil ooatant apta 6?«5 par aaat whiah vaa 

7*2 p w oant aera than ohaak Tariaty* 

Tttlpa (1967) obtainad 118 aiagla 9V99m hybrida uainff 

•ala atarility and fartiliV raatoration ^yatanat of vhioh 

53 Wfi^ highar aaad yiaUa than yjaZMK-8931. Oat af thaaa* 

2 hybrida gava aaxlaua inoraaaa 30 to 35 par aaat for aaad 

yialdt 81 par aant gara highar oil yialda and 101 had highar 

ail aontant than 7ifZZMK->8931« Maxiaua inoraaaa vaa upta 

8 par aaat in 3 hybrida for oil ooatant* Haotolitra and 

1000 grain wai^t \mr% grmmfr than tha oontrol in 58 and 

76 hybrida raapaotiyaly* Zn ganaral, tha hybrida vara dvarf 

with thiak ataaa and saturad 8 di^a aarliar thmi thair paranta* 

Ouadaav (1968, 1968a) rapartad an inaraaaa af 20 ta 

30 par oant aaad yialdt upto 40 par oant oil yiald nora than 

tha aontral fN2ZMJC^931 in tha intarlina hybrida. ^r tha aaa 

af nala atarila linaa* Traaoaaaa and Stoanaoou (1969) in a 
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diall«l • » • • ob««rv«d 7 preslfllnc hytoida showing iMitcrosia 

for sood yiold and oil 0(mtont to an extant of 78 par oant and 

13 par oant raapaotivaly* Thaaa liarbrido aat yialdad tha 

atandard roriaty Raoord Ity 24 fr oaat in aaad yiald and 

31 par oant,oil oontant. In anotbar atudy, Vrazieaanu and 

Stoanaaott (1976) obaarred an inoraaaa of 14 par oant mora oil 

In ana of tha byhrida than tha atandard irarlaty Haoord^ 

Shuravina (1969) ooapared tha U n a x Yariety h^rhrids 

vith tha paranta for augavt oil» protain, and phoaphorua 

oontanta in tha aaada* Xha oil oontant in tha oroaa I^ x Najak 

was 49*4 g par 1000 kamala whila tha paranta had 29*0 and 

41*7 g oil par 1000 kamala raapaotiTaly. Intar-variatal 

hybrida batvaan oultirara vith high oil oontanta y9T9 intaraadiate 

Tol*F (1969) raportad that intarlljat and top-orosa 

hykrida ahowad aarlcad hataroaia for high oil aontant* Tolkov 

(1970) oonoludad from hia atudiaa on tha T^ and Fg gvnarationatinzi 

tha eharaetar plant haight vas oontrollad by dominant gmm 

aation and had markad hatarotio affaot in all tha hybrids. 

Vaagtt (1970) vhila atudying tha parformanoa of aoM F̂ . 

hybrida batvaan mutant aunflowar linaa» obaarrad that tha 

hybrida had faatar growth rata and 23 hybrida vara aarliar by 

1 to 12 daya than thair aarliar paranta* In 28 hybrida, yialda 
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v«v« b«tv9«n 118 to 245 p«r otixt of tho oontrol valtt»« Of tho 

^uantltatlvo oharaotors studiod* the plant hoight tliowod high 

li«t«ro«i«« 

H«t«ro8i0 for plant htlght* Mhana jlaldt and oil 

oontout in tht taybrlda dorivod from tha linoe of Ru88ian» 

Polish and Canadian origin vaa otoorrod 1^ Kloosovalcii (1971)« 

Hotaroaia vaa iipto 10.4 par oant and 13 par aant far plant 

haigfat and oil oontant reapaotivaly, Tha hybrido yialded 

almost doubla aa oompared to paranta* 

Xaelaroq (1971) obaarvad an yiald inoraaaa of 12 to 

40 par oant orar atandard Btradovik by a hybrid dayaloped on 

tha baaia of ganatio aala atarility. 

Stayanora si al* (1971) in a study involTing 192 

atabiliaad inbrad linea and 140 f-^ hybride shovad that 

Mid*parant hatareaia ooeurrad in raapaot of plant haight and 

oil oontant upto 29 par aant and 5 par oant raapeativaly. 

Tloantini (1971) raportad, that tha hybrid produood 

^ eroaaing aninbrad lina of high parforaaaoa vith ganatio 

•sla atarila lina, aurpaaaad tha ohaak Tariaty Baoord by 

24 par aant in aaad yiald, Hetaroaia for thia oharaotar %taa 

aa high aa 78 par oant* 

j UNIVSHSITV Of AGnCULTUBAL SCIENCES^-

I UNIVERSITY LIPRARY iTllJ f) R *^ 
I GKVK BANGALORE.580 095. J » ' ' > l 3 
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Eoraelk and Skaloud (1972) har* also raportad hataroaia 

tor /iaXd, aisa ot aaadat liaed diaaatar and plazrt iialcht* 

lagarlatakii (1972) abaarrad law hall paraaataga la 9n9 af tlia 

taybrlda darlvad by oroaaing 4 aytoplaaaia atarlla linaa with 

Unaa hatavasygaua for atarUity (MiUsltbltfL aoauiyi x M«llltaCfilttA)< 

XlaoaewBkil (1972) abtalned aohana yialda af arar 

30 qulntala par haatara and oil yialda eraatar than IQ qulntala 

p%r haatara in tha Fĵ a tnm a^pariavital aroaaaa* rapraaanting 

hatarollc affaota of 90 to 100 par aaat for aaad yiald, la F^ 

aohaaa ylald and oil oontant \mr9 droppad by 20 and 4 par aaat 

raapaatiyaly* 

SKiurarina (1972) 9ro»996 7 aultlTara vith high and 

10 with low ail oontant with two taatara haviag high ail oont«it» 

Half tha hybrids axoaadad tha partnta in aaad waight upta 

25 par aaat» thoaa with tha graataat inaraaaa axoaadad tha 

paraata by 46. par aaat ia tha aaad /ialdt aooa hybri<Ia alao 

aho%#ad radtiotioa in huak aontant» thraa hybrida •!»••&•& tha 

highar parant ia oil oontant by 2*4 to 2.6 par aaat and tha 

ataadard by opto 9»7 par oant in prataia oontaat* la aaothar 

atttdy with 21 JsjhridBt 16 diaplayad hataroaia for aaad waight 

opto 59 par aaat aad for aaad yiald apta 20 par aaat 9fr tha 

teatar« But all tha hybrida had high hall aoataat aad low 
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wife 

oil eoht«iit« Zn aoBthtr study x 18 taytxrids obtalxwd hj 

•rotting ixitor«d I I A M , 14 •how«d h«t#70«i« in 9—tL ymigbt 

upto 90 p«r wm% and ji«ld ixmrmem^t itpto 54 p«r ooat, T m 

l^brida had a raduoed husk oontant and 3 szoolXod hoth parants 

in oil sontsnt upto 4»8 par oa»t* 

In a study of latsrXlns and varlaty x Xins hytoids IQT 

Tsl*7 and Ihimaohava (1972)« it waa obaarrad that 10 to 20 par oont 

of eoabinations wars proMiaing in hataroaia for yiald* Hataroais 

for sood yiold vas aoro stranfly oxprossad than hotorosis for 

oil oontont* 

Za a study of f^ hsrhrids ototainad f^om a full diallal 

oroaa inrolTing 8 inhrod lino8» ^corlotskii (1973) obsorvod 

hotorosis for stoai hoightt hoad disaotorf ICX) aood voight» 

nuaiber of soods psr hoad, oil oontont m d yiold* Difforont 

isgroos of doainama waa ahovod for tallaoaat larga hoad, h i ^ 

oil oontont and high yiold* 

Tranoeanu (1973) and Traneaanu ti |1,« (1973) in tho 

triala of hybrids basod on linos obsorrod 13 to 21 par oont 

hifhor yiold and 1 to 2 par oont hi^ior oil oontont than tho 

shook Tarioty Raoord. Zn anothsr atudy a total of 12 hybrida 

iraro aaaossod of whioh HS-12, 16 and 17 voro 16 to 19 daya 

aarliar than Raoord* H8-92, 93, 95 and 73 voro olightly aarlior 
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ttum this variety and £»•• hi|^«r fUlAa. 7h* bybrids H8,59, 

52t 12 and 55 had high oil oontant than tha ohaok variatj* 

%hrii8 \mT9 highly imif arm with reapaot to thair haight* 

Qhaiifas in tha flatty aeid eontant in tha oil daring 

hybridisation vaa ohaanrad hy finoalceva and Bopova (1974)* %4V 

oonparad 4 hybrids ahoving hataroaia for yiald with thair 

parantal fomia* fha aaad oil of BtradoTik Zg x (%amyanIca<-66 

and Snana x SL Ay«aTir-1815 eontainad aora linolaio aeid than 

that of both tha paranta and tha oil of Armavir 1815*061 ar 

Chamyanka*66 oontainad alightly nara oleio aoid than that of 

both its paronts* 

7iak and Ziaaar (1974) in a study involTing four 

restorers vis., RHA.271, RHA.275, HHA.274 reported that hybrids 

have higher oil oontent and alao yield 2 to 31 per sent «ere 

•••d than Beredovilc* In another study (1974e)f they effooted 

•roes between 4 aale-sterile lines T U « » H A . ^ 5 * UA.286, HA.287» 

HA*289 with 2 testers vis,, RaA.280 and RHA,282. Five of the 

hybrida whioh were teated gave an average inoreased yield of 

77 per sent above the variety Sundak* 

SaBieaohole ti &!• <1974> developed an bybarid Bebalk & 104 

in Argentina, whioh exoeeded in oil yield per heotare by 

50 per oent» besides aaturihg 4 to 7 d^fs earlier* 
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Tuxohl (1974) Bade orossts 1»«tv«tn lxttrodUB«d TWrittlM 

•ad looal in Ktiqra and obs«rv«d aa iaeraaa* in Mtd yl«ld vwmf 

th« looal parozit axiA rodiotion in oil poroontago oomparod to 

introduoed poront* 

Uariaarajaaa li flX* (X976) obaarrad that in a apontanaoua 

••lf«oo*patiblo autant tho p»T09ntate9 of fillod aood* aftar 

•alfing rangad troa 23 to 56 par aant aa againat, 0 to 8«5 por oant| 

in aalf ooapatibla linaa* In ixytorlda f^oa oreaaaa batvaan 

•alf inoompatible and aalf-ooapatibla planta» tha fiUad aohanaa 

aftar aolfiag raagad fVoa 0 to 8*5 par eant vith a aaan of 

43 par oant ooaparad vith maana of 40 par oaat and 6 par oaat in 

tha aalf-ooapatibla and aalf«inooapatibla linaa raapaetiraly* 

2a tha attidy of aoaa eharaotara in oil amflowar 

CLoeaovakii (1975)t obaarrad hataroaia for rarioua ooaponaata 

•f 7iald. Maan hstaroaia for aohana yiald vaa 45 par oant in 

intar lina hjbrida and 18 par eant in liaa x variaty hybrida. 

Stoyanova and Ivanoy (1975) obaarrad hataroaia for 

oil oontant in tha Tj^ froa intarlina oroaaaa* fha hybrida 

•wfA9d tha aid-parantal valua bgr 1*2 to 6,7 par oant in oil 

eontant* But no hataroaia ooourad for protain oontant* 

Stoyaaova §X flX* (1975) ebaanrad that out of 2500 -

intarlim hybrida atudiad in Bulfaria, aoaa 90 par oant had 
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•arktd h«t«roais, but only 3 per o«&t •xoMded %tm •tandard 

HfdoriM in oil jl«ld p«r Iwotar** For protolii oontont BSBJ 

of tho hybrlfta voro olooo to tho low protoln parent* 

Seroral proalolng hybrids hairo boon brod rooontly by 

Toalcobolnik and Soldator (197$) In OSSR, notably MS.257, MS.353 

and MS,l27t ^ l o h oxooodod tho standard VHIIHK-6951 by 18 to 

30 per oont In oood ylold. Also prottlsln^ wao MtlL.4X obtalnod by 

•roaolng mutant llnoo idiloh oxooodod V1IIZMK-d931 In oil ylold 

by 13 por oont* 

Yranoeanu (1975) whllo dloeuaslng tho thooretloal and 

praotioal probloao on tho ooo of hotoroola in ounflouor, 

•uggootod that oonaldoratlon bo clTon to tho Inhorltanoo of oil 

oontont and It %rao waccootod that In broodlzig for hlg^ oil 

oontontf •arlotloo of THIIMK typo ahoiald bo uood although thoy 

do not flTO high dogroo of hotoroola vhon Intororoosod* 

Gorbaohonko (1977) produood 520 f-^ Intorllno, 

•arlotyllno and lntor«varlotal hybrids by dlallol oroosos 

botwoon short and tall Tariotlos* Hs obsonrod that tho hl#ioot 

yloldors iforo obsorrod by srosslng short linsst flsalllos and 

•arlotios with tho Torioty Ohomyotilca-66* fhm boot hybrid 3/102 

yloldod upto 30*7 quintals por hootaro* Sho boot f-^ i^brlds 

vhleh had Sonskoi-nlskoroolyl-47 as tho ohort paront garo 15 to 

24 por oont highor sood ylold than tho bottor paront* 
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Top oross l^brlda w«r* produo«d 1)«tv««n 30 Buaslan 

••rl«ti«a vith 3 ttsUrs ^ KUmov and iSrnoahin (1977)« Of 

th« hjbridd •tutfiaAf 28,? 9«r otnt ahovedy 10 to 23 por ooni 

h«t«roal8» 50*1 par oant ahowad 1 to 9 par oant hataroaia and 

raat ahowad aa hataroaia for aaad jlali* 

Koraalk mad Skmload (X97B) in a atudj of oombiaiaf 

ability obaainred eonsidarabla aaount of hataroaia for aohaaa 

jiaXdf aahaaa aisa» oapitoliia diamatar and plsit haight* Hataroaiij 

vaa aot obaarrad vith roapaat to aarliaaaa azid oil jiald* 

HMuaai and Alba (1977) whila amlttaUnc tha hybrida 

and oonatroial ^ariatiaa of auaflowar aa a aaia orop and aa a 

oateh orop in Xtaljt obaarrad that aoao hybrida gara hi^iar 

yialda than tha baat Tariaty.v 

Saatharaa §X ll« (1977) obtainad 8 hybrida by aroaaing 

4 oytoplaaoio aala atarila linaa and 2 raatorara* Iho hybrida 

ahowad aignifioant poaitiva hataroaia for diQra to flowar* plant 

haifhtt haad aiaa» taat waightt ail oontant and aaad yiald, 

Hataroaia waa non-algnifioant for atan firth and ntimbar of 

laaraa* Tha baat hybrida BSH-1 and BSH«2 aurpaaaad tha ohoak 

•ariaty £0.68415 (AnMTiriakij 3497) by 30 par oant in aaad yiald 

8karia (1977) obaarrad that 4 aiagla or^am hybrid 

•ariatiaa darivad tvm NS-RM yialdad 29 to 30 par oant mora 
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gfwdn yi«Id ftui vtre •srlitr* ahortar and «or« rasistaai to 

di««as« than Beradovilc aad 7lfXIM&-893i, Two l^brlda had 

approzlBataly 3 par oaat highar oil oontaat. 

Toakeboinik (1977) oalng tha linaa darlTad ftpoa Saviat 

•ariatiaa vith high oil eontant and linaa from. USA, ?raiiea» 

Raaaaia, Argaatiiui and Canada produoad 320 iatar-lina l^hrida. 

Saaa af thaa oat yialded tha ataadard P^radorik hf 10*7 to 

33*8 par oaat. Xha aingla intar lina hybrid 5 (485 x 1463) 

out yioldod tha ataadard hy 14 ta 15 par oaatt «ad tha hybrid 

018-1670 axoeadad ParadoTlk by 15 to 20 par oant la aaad yiald* 

Tulpa (1977) produaad a aariaa of aingla* doubla and 

thraa way h/brida in Rooania atilisiag aala atarility and 

aoaparad thaa with Haoord. All tha hybrida vm aarliar and 

ahortar and had largar flowar haadat 1000 aaad waight and yialda, 

Swnit li iJL* (1978) fbuad that tha doubla and thraa 

mgr 9ro»9 hybrida wara aioilar to aiagla eraaa hybrida ia aaad 

yiald, ail aontaat and oil yiold. Hateroaia for oil oontant 

waa 5 to 10 tiiaaa laaa than that for aaad yiald and oil yiald* 

laahkora (1978) obaarrod that alevan •T0999m out jrialdod 

tha atandard variaty Paradovik by 12 to 23 par oant. 

Singh ti ta,* (1978) tAiile atudying tha hotaroaia in 

iatarvariatal ^r99— 9}»BTW^ that tha variaty £0«936ll*l 
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pro4t»«d cooa horbrld If tt9«d a« m l « parent* F 21 MS x B0*936U*1, 

£0«27698 X £0.936X1*1 and £0.27631 x £0.96311*1 w«r« •v^rlmr 

to th« •ontrol yrftf for M O < riold, nuabor of flllod aooda, 

IfX) aoed vielght* !Cho firat two of thooo oroaaea ware auparlor 

to tha battar parant In aaad ylald. 

Sudhakar (1978) did not find bataroala ovar tha baat 

parant in top oroaa hybrlda for any tralta atudiad axeapt for 

number of leavaa in only one oroaa* Cenaidarabla hetaroaia 

vaa oboarred over nid-parental Taluaa for tha obaraetara atudiad. 

Mamituda of hateroaia O T T aid-parental Taluaa vara upto 41*31 

and 31*92 par oont for plant yield and oil ooatant raapaati'valy* 

%brida ahowinc higher aagnituda of deairable heteroaia alao had 

better awan perforaanoe in aany of the eharaatara* 

XAterliaa hybrid Mlr-3 (,MA 234 at BK 66) waa dareleped 

uainc eytoplaaaio aale aterility ^ Toakoboinik (1978). It 

aatore^in 97 d«y8» 3 daya earlier to feredoTik and raeorded 

a height of 190 en aa againat 203 en in Btredorik. It yielda 

33*3 and 16*7 quintala per haotare of aeed and oil reapeotively 

indioating 4*4 end 2*6 quintala per heetare nore than leredorik* 

Another early hybrid ̂ OS»l v ic:: ripena in 93 daya and reaahee 

an height of 139 on and aeed yield of 29*2 quintala per heetare* 

Zh ooB^aratiTe triale of natlTe and fareign aunflower 

hybride Tratarlo and i^iaaanie (1978) obaarred that out of 
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26 Iqrbrids t«n aurpasattd th* two stRndard Tarittles In ttohant 

Ji^lA^ (kOj o&« liyisrid aiurpaaaAd VHUMK in saad oil ooni«nt 

yOklU 4 did •« in oil ffU. Sadie (1979) wliila studying tH* 

parfoTMnoe of amflovar hjbilda in CanAda» obaarved that tha 

tiybrida jialdad 79 par eant aora than FaradOTik* Xn a trial 

af 4 hjhrida at four aitaa tha hfhrida yialdad 20 par oant aara 

than tha opan pollinatad eontrola. At Altona* in larga aaala 

fiald taata* thagr out yialdad Saturn lagr about 15 par oant in 

1977 and upta 60 por oant in 1978, 

Slaotrophoretio analyais of protalns vaa uaad by 

Zasharakii (1978) aa a aathod of aalaating parantal palra in 

braadlng for hataroaia. £aah rariaty haa ita own apaoifia 

pratain fraationa* fĵ  hybrida had all tha protain fraetiana 

of tha parantal linaa* Tha graatar tha nunbar of apaaifia 

fraotiona in tha parantal f«nWt tha graatar waa tha hatarotie 

affaat in tha hybrida* 

Alakaaav tl il« (1979) aonoludod that tha intarvariatal 

hybrida batwaan the ahort and tall taatara proved proniaingt 

tha baat for aaad yiald vaa I>onakoi nislcoroalyi*47 x Chamyanka-66 

In reapaat af oil yialdt tha baat hybrida \mf 4/8 x Majak^ 

4/19 X Oharziyaa]ca*66 and V 9 $ x Chamyanka-66« 

Î rank (1979) obaarrad that mala atarila lina HR-0 haa 

good aombining ability giving hybrida vhiah axoaadad tha ooatrol 
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T1IIIM&6540 bgr 4 to 47 p%r o«nt la ji«ia aoA 48 to 53*68 p«r otnt 

in oil oontont* 

OorbMhonko (1979) a»Ao idl poooiblo oroooos botwoon 

tho t a U Mitjak and 2«Bit and tho short I»oiiolci*iilskorQ«l7i*47t 

Ohemyanlca»66 w d Karlllc-68* fho l^lsrldo showod hotoroolo 

tor 0004 yloia anA oil /lold. fho soot proHlalac voro hybrldo 

Involving Seaalci niskorool7i-47« la tho boat hybrida, oood 

yiold waa 19 to 22«4 par eonl hlghar thaa ia tho bottor parant* 

Boaorltolova tuoA Bolotakii (1979) atudled genoiao 

plaataaa tataraotion and tha affaat af aataat plaatoaa ia 

diffarant ganatie baok grounda on hataroaia ia aynflowar* Vbi&f 

obaarrad that tha mutaat plaatoa affeotad hotareoia for oil 

oontantt h u ^ oentaat* plant hai^t and 1000 aaad waight* 

Traaoaana and Staaaaaott (1979) in thalr atoly oa 

hotoroaia ia aingla« thraa-way aaS doubla oroaa aunflovar 

hybrida found that all typaa of hjbrida had aiallar valtiaa far 

aaad jialdt qaalltj oharaotera and daja to flowariag* filffaronoaa 

in haight vara apparant* tha thraa vay and in partiaular doubla 

oroaa hybrida yr% tallar* Ooaparie>on with tha paraulal 

linaa ahovad that avaraga lavala af hataxvaia vara atallar in 

• M h typa of hybrid* 



MATERIAL AND METHODS 



ZZI, MLTERUL kSa> MBfRQEDS 

tbt •zp«riiB«cital Mtvrlal oooaistixig of 91 ttitrlM • 66 

top orosMS and 22 foaalo and 3 aalo parents - waa aom at 

Gandhi l^iabi Tlgoana Xaiidni^ OhlTaraitj af Agriaultural Sai«aaaa» 

Bmgalora during kharif I980, fha axpariaaxxfcaX Uoak had rad 

aandy aoiXa with a pH arooad 6«0* H M aaathXy raiafall 

avaEraca aarl—i and ainiaua taoparaturat raXativa huaiditgr and 

aimahina haura that pravailad during tha axparioantal parlod 

ara preaantad in tha Tahla I* 

A. 

22 Himgarian izibrad linaa vara oaad aa faaala paranta 

and thraa Tariatiaa aa taatara* tha faoaXa Unaa vara 256, 

260, 263t 263A» 266, 269, 270, 272, 275, 276, 277, 278, 264, 

286, 288, 289, 290, 290il, 292, 294, 296 and 298« Iha 

thraa taatara uaad in tha atudy vara Hoxdan, £0*6841$ 

(AraaTirlslci4*3499) and Canadian fanapool* 

S« ^^tlftlBJiii 

iK»Â «inir tffltlWniflfft* ̂ ^ aaada •£ ihhrad linaa and taatara vara 

aawn aaparataly at Oaadhi Kriahi tignaaa Kaadra, Baofalara 

during Juna 1979* 4 aolution of 100 ppa Gibbarallio aaid waa 

asad far induaing nala atariXity in tha inhrad linaa. fha 
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method •tt<8«8t«d ^ S««ihar8it and Kusmakoairi (1975) tw 

induolQg aal* •t«rlllty hf ito» appllomtioa of 0*9 al 6Â  9% tho 

•tar Hud ataco oosiaoeatiiroly far tvo dagra iiaa follovtd* 

lolliaatlon of the treated planta hy the forelipi pollen vaa 

•voided hy aorariiig the heada vlth aloth haga* Controlled 

hand pollination waa done by aolleatiag the pollen f roa the 

teater parenta* In all 66 hybrida vara produoed tij oroaein< 

22 inbred lima vith 5 taatara. 

0* layout 

The ninety one entrioa (66 hfbrida* 22 liaea and 3 teatera) 

ware aoioi in a randooiaed oomplete blook deaicn with 5 repli* 

•ationa* Xaah entry waa raiaad in 2 rov plota with a row 

laaftli of 5 oetera* The apaoing staintained waa 50 on between 

rows and 50 aa between planta* ^3m hybrida and parenta were 

randoaiaed aeparately but grown in ooatigiteaa plota* Aa 

ragarda Manuring 50« 90 and 60 leg of nitrogen« phoephorua and 

potaah reapeotiTaly per heetare aa the baaal doae waa applied 

and another 50 kg nitrogen par heetare aa top dreaaing waa 

applied 59 daya after aowing* The ether peokage of praetieea 

reeoamended for irrigated aunflower were followed to raiM 

the erop* 



29 

Six plwls \mT9 taig«d m% raadoa In MOh tr«ataiBt in 

• v«plioaUon tor r«Mrding 4«imil«d observation on tlio following 

oharaotors* 

X* Mambor of doam takon to SO B f oont tlawmrinrt VmUbmf of Aoyo 

iakon for tho oponing of rogr floroto in 50 por oont of tho total 

planto tnto vaoordoi* 

2* Pimit Hal A t t Hoif^t WOO Moourod ot Boturitj In Ml fMtt 

tlio bnoo of tho plant at crounA IOTOI to ttao point of attaohaont 

of oapitalm* 

1* 8*^ giythi Piaaatay of tho aton at tho first baaal aodo 

vaa aoaaurod in oa with Tomior oa Ilpora* 

4. 9MittttMI (U(Mtttr« 2>iaaotor of tho oapittatta vaa noaaurod 

at tho aaartauB width of hood in on* 

5* f^n\ T̂ ftM* ^ « fiUod aooda ohtaiaod aftor throahing woro 

driod and tho woight waa rooordgd in graaw* 

6. Vî TiH* *̂ *f̂ *' Woight of a known •oluao of (200 al) aooda 

waa takvi aa aritoria and thia waa roaordod in grana* 

7» ligJUMickt* <^ hundrod oooda woro aopavatod froa oaah 

troatiMnt and ita waight waa rooordod in 
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Igr iiud anA tli* wtijht of liiMk to th« total sood iitifbt 

(luMk^konya) WM oiprooMd ia pweoatafo* 

9* Oil anntiitt Oil ooatoat vaa 4«t«valiM4 vith tho liolp of 

20fl alalopoe MK (AMlowr MAgiittio Roaooanoo) apaatroMtar tbat 

ywm andlaUa in ttaa ^mflonar Ikvjaatt Qbivaraltgr 9f Afriaultural 

Soianaaa* Bangalara* Thia iaataruaent ffivaa dlraat valua af 

a i l aantaat in tha 999A9 that wava prariaualy aran 4ria4« 

10. Oil yiald xî ir Bi^ti finta an ail oantant a»talaa« uadar 

itan 9 abava togathar with 9—A / laid par plant Citan 5) vaa 

naad to vork aut tha oil yiald par plant and i t una aicpraaaad 

in grana* iQiila aalaulatinff oil yialdt 10 par oont of tha 

vaight %ma daduoted froa tha aeod yiold aa noiaturo oontant 

and i t naa aalaulatad aa fallova. 

OU jiold par plant 90$ af aaod jiold/plant Oil paraantaga 
(g) (g) ' in aaada 

fha M a n af aaah raplioatioa fqr tha abora aaid tan 

aharaatara raoordod for hxbrida azid paranta y9r9 aabjoatod to 

atatiatioal analyaia and tha Tarlanaaa dua to diffarant aoiireoa 

irara vorkod. 
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AV07A Tatl9 for pttrmta sad h^hriia 

Souro* Btir««e of 
tr—Avm 

MMA siui of 

Roplioatlon 

tftktBmnta 

^Ktvata 

Hrvx^ yn OroM«« 

6ros»M 

Un«s 

Y«st«r« 

IdiMS z T««t«ra 

Î npwp 

(r-1) 

(t-X) 

<p-X) 

X 

(af-X) 

(f-X) 

(•-X) 

(•-XXf-X) 

(t-X)(r-X) 

h 
s 
•s 
"4 

TotaX (t»-X) 

wiiarOf r • aun̂ bar of ropXioatlona 

a • waSbKe of aoXo paronta (tootora) 

f « numbor of foaaXo paronta (ialirod Xlnoa) 

Iipoatod aoan aiim of aquaroa aro not avalXabXa for 

Mdifiod Xiao X toator aaaXyaia. So ̂ fcba aooa of oaoh 

ropXioation for tho eboro aald ton obaraotora rooordod tor 

liybrlda aXono voro aubjoetod to Xiao x toator aaalyala and tha 
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wriMm9 of swnm ooKtoialzif aUUty (OCA) sf ih» pfti«nt« aai 

•p«oifiA oomblniiic ability (SOA) •£ tiM hytoid ooablxiations w*r« 

vork«4 out ImMd on tho pro««dur« d«T«l«p«d hjt XHVtiMms (1957 )< 

Aa>?A U,hU t0r oomMniaf abiUiy 

SottVtO 

R«pliMitioii 

Cro«»«« 

Xdut* 

T««t«ni 

IdJM* X T««t«r8 

Irr^r 

Total 

4.f* 

( r -1 ) 

(Bf- l ) 

( f - l ) 

( K - 1 ) 

< a e l ) ( f - l ) 

( i ^ l ) ( a f - l ) 

(•ftr*l) 

M8S 

"l 

" « 

•s 
"4 

Bxpottod Boan oua of 
oqaaroo 

^*r OorOTC>-2 0ov(K8^* 
wot 0ov(H8) 

(r**r Cov<fSV2 OOT(HS)* 
fr 0OT(H8) 

r**r Cov(»8)-2 OOT(HS) 

r « 

vhoro» r 

t 

Oov(M) 

0OT(H8) 

nmbor of roplioatlono 

aiMbor of aalo paroato (tootoro) 

atuibor of foaalo paroato (inteod llaoo) 

oevariaiaoo of full oito 

ooTariaaoo of half aibo 

faro* tlio ozpootationo of aowi •«• of oquaroo* oovariaaoo 

of f^l olbo (PS) and ooTariaiMO of half albs (HS) voro ootlaatod 

aa follovo* 
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OoTariaao«(HS) » i(m*t) 

T«rlHM« diM to OOA • OOTCHS) 

Tarlaatt* du« to SOA » 0«v(73)->2 0«v<HS) 

After •atiwitlAf QvfiUS) loA 0 « T ( P 8 ) tlM OOA Tvriaai* 

9t l ints and t««t«ra BaaA SCA variamt for tho tiybrids vtro 

•stiffiatod as alunm telavi 

OOA Tariaaaa for llaoa « 

dCA <varlaiwo for tootora • 
wt 

SCA irariaaaa for l̂ ylMrlda • ^^ * 

vtiorOf H^ m Moan atai of a^oaroa doa to foaalaa 

IC2 • Maaa ana of a^uaroa dua to aalaa 

M. « Maaa aua of oquaroa dua to foaalaa u aalaa 

N. m Maan aiM of aquaroa dua to «rror« 

IrtlMUoa ttf tMttntnf iHUlliT iftwti 

9ho aodol aaad to oatiaata foa aaS aaa affoota of ijk 

obaarvatloaa «aai 

H j • /i • d • (4 • al j • 01411 
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fi « ftt« •ffeot of 1 f«aal« parent 

fj • C M •!£••% of i^ aaXo paroat 

•ij • mm of foot of i j ^ ooisbJUiatloB 

i • nuobor of foaaXo paronta 

J « aoobor of aalo paronta 

k • nuabor of zoplloatlona* 

fho IndlTldual offoata wara aatiaato4 aa indloatod 

Holavi 

a) Idaiai gl • ̂ * - | ^ 

viiarat Zl«. • total of 1 ^ foaala paraat oror all aaXa paranta 
and roplioationa* 

») Taatavat gj • ^^^ • ̂ J * 

nhavat Z«J« • tatal mt J ^ aala parmxt oror all faaala paronta 
and raplloationa 

Si^^ifio oottbining ability offoata 

^ « r ar ftp aftr 

vliara» Xlj* • i j ^ ooablnatlon total ovor all ropUoatlona* 

The ataodard error (S£) partalnlne to coa offeot of 

attlo and fomalaat anA aea offoata of diffarant aoablnatiaaa 

\mr9 aaloolatad aa bolovi 



35 

8B OOA tor f«aml«« « IteFBK YflflTtiWWIfc 

moQk twt MAita • J SDMflL^asliaftt 

SB 80A • Jf tear Tfirl unit 
/ 

«• AMHPgYUUami 

f«a • QmnufX •oibimnff ability off Mis • 

•m m Spoolflo ooablxilng alillity •ffMt«» 

QOk m Tarlanot duo to fonoral oombinlng oM.Xi'tsr. 

SOA « Torlmoo duo to opoolflo eomblninf abllitsr. 

Iho oror all aoea raltio for oaoih >aront or l^rld from 

al l ttaa Mxrm^ roplioatiena for oaoh oiiaraator vaa takoa for tho 

oatlaatioa of hotorosia* Hotoroaia orar ald-paraatt h i i^r 

paraatt baat parant vara aottpatad* Bataroala vaa oaleulatod 

aa tba paraantaga imraaaa or daoraaaa af aaaa f<^ porformaaaa* 

1) A ôfa •id'-parantal Talua « f^ x 100 

i i ) Orar that of higlior parantal Talna • p x 100 

f,-BP 
ill) (hnr that ^t baat parantal Talna » -^p- x 100 
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MP • ifl4*piir«ataX valiMt for mmh •har«9t«r studied th« 
airtlaatio •»•& TftXtti of tvo par«iit« iimrolTcd In 
ttm nro99 va« takan* 

HP • Hiffacr parental •aluat lor aaah atauRMtar auptrlar 
valaa of tha two paranta In aaah aroaa ima talcan. 

BP • Baat peurantal Taluat for aaah ahuraatar atoAlad 
tiia baat ralaa aaang 25 paranta Inrolvad in tha 
atudy waa takan* 

Tha fiilloviaf atandard arrora \mr% aaad ta taat tha 

alcnlf ioaooa af hataroaia* 

SICICP). / ^ and 3fi(BP) . 

nharat M̂  • tha arror aaan aun of tqfusf 



EXPERIMENTAL RESULTS 



IT. sxpnufsnuiL Bisvxffs 

flM Insults of th« pr«a«nt vtudy on Kotoroolo axiA 

•omltiAing abUitjr in sunflovor iRTolTlnc 66 toy orooooo, 

22 Izitarod lints and 3 toatora ara praaaatad mAar four tooad 

haada* 

Xm Aaalyaia of Mariano a for faranta and aroaaa«« 

2* Hataroaia, 

9* Ooallnlng ability Tariaaaaa* 

4* Oanbiiiinff ability affaata. 

H M AXCffk ahovinc tha aaan aoi af aquaraa far tha tan 

aharaotara naaaly auoibar of daya takan to $0 par oaat flovarin«« 

ylaat ]bai|̂ t« ataa firth* aapitulm diaaatar, plant ytalA* 

•olttaa valglitt taat vai^tt hall oontant» oil aoatant and oil 

yiald pwr plant ara praaantad in Tabla 2« Xha aaan raltia 

raaordod for tha abora aharaotara af bath araaaaa and psranta 

ara praaantad in Tabla 3* 

SifBifiaant bloak affaata vara obaarrod for all tha 

aharaotara aaoaapt msabar of daya takan to 50 par oant flawariag 

and plant haight* M a n ana of aquaraa for traataanta vara 

highly aignifleant for all tha tan aharaotara. Traataant aaan 
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•la 9t •quarts waa furthtr partitio&ad and tha Tarlanoaa doa 

to paranta vara found highly aignifiaant far all tha aharaatara« 

Maan aua of aquaraa dua to paranta Ta aroaaaa vara alsnif laaat 

for nuabar af dagra takan to $0 par oant flavaringt plant haightt 

ataa fixth« plant yiald, voluaa %raifht» taat waightt oil oontant 

and all ylald par plant. Tariaaaa dua ta araaaaa %faa aicRifl* 

aant for all tha aharaotarat vhlla Tarlanoa dua to llnaa vaa 

aicalflaant in aaran out of tan aharaatara aacaapt in yiald par 

plant, taat vaight and oil yiald par plant. I>iffaran0aa batwaan 

taatara vr9 highly aignifioant for all eharaotara axoapt Toluma 

vaifht. Tarianea dua to llna x taatar intaraation waa found 

to h9 highly aignifioant for all tha aharaatara axeapt atan 

girth and aapitolua diaaatar. 

Tha aaan aua of aquaraa dua to taatara vaa af hi^ar 

•agnitttda oooparad to thoaa dua to linaa or lino x taatara 

aaaapt in tha aaaa of voluaa vaight and tharahy indioating 

graatar divaraity aoong oala paranta aomparad to faaala paranta* 

2« fffliTgiil 

Hataroaia waa attiAiad far all tha tan oharaotara undar 

atudy* Tha aaan Taluaa af fju vara oonparad vith tha ^alua 

af aid-parant (MP), highar parant (HP) and tha baat pvant (BP) 

and tha diffaranoaa ¥9T% axpreaaad aa paroantaga hataroaia and 
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th« data art praaanted in fabla 4 to 13* Q w raaulta oMalnad 

in raapaat of varioua oharaotara ara praaaatad telov. 

fha lixM ^ioh flouarad aarlj among tha lixiaa iaoludad 

in tha atudy vaa ocnaidarad aa tha toaat parant* Tha inbrad 

liaa 286 (5$«37 di^a) aaanc faaalaa and Mordan (55«?3 dagra) 

aaaac aalaa VKPO tha aarliavt (TaMa 5)* Zha hybrid 284 x Mordan 

vaa tha firat to flovar aoong hyhrida i5%00 dajra)* 

^̂ lirty aigbt oat af 66 hytoida axhihitad aagativa 

hataroaia ovar aid-paraatal Talua rancin< f̂ raa •0*28 to «-8«74 

par aant and in 26 hyhrida it waa aignitloant* Tha axtant af 

paaitira hataroaia rancad from. 0.26 to 14*46 par oant and in 

18 hyhrida it vaa aignifiaant. Tha hybrida, 26? z £0,68415 

and 290A x B0«68415 did not ahov ai^ hataroaia oyar mid-parantal 

•alaa (Tabla 4). 

fourtaan out of 66 hybrida ahovad nagativa hataroaia 

ranging froa '-0.60 to -^•06 par oant orar highar parant* Sat 

anly in 8 of than it vaa aignif loant* Httj hjbrida ahovad 

poaitiTa hataroaia of vhioh 26 hybrida ashibitad aignifioant 

diffaranoaa* Bxtant of poaitiva hataroaia vaa f^a 0*50 ta 

19*68 par oont* Only 2 out af 66 hybrida did not ahov hataroaia. 
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(toly on* hytoid 284 x Mordan flov«r«a •arliv than best 

parent and tho extent of aegatlTe heterosle was *0«60 whioii 

however was not aignlfieant* Two hjteida did net ahew any 

heteroaia* Rawalning 69 ligrbrlda flowered later than heat 

parant and the extent of poaltlTe heteroaia waa f^oa 0*60 to 

21*68 per eent, hut only In 51 hsrhrlda it waa aicnifioant. 

Oroaaea between earlleat aale and feoale parente did not 

reault in early flowering hybrids. 

Wm 2$9 (161*2 ea) waa the talleat anonc the feaala 

parente and £0*68415 (178*7 on) waa the talleat among aalea* 

The hybrid 276 x £0*68415 (184*2 an) waa the talleat aanc the 

hybrids* 

7ifty oat of 66 faybrida ahowed poaitiTO heteroaia 

ranging fron 0*59 to 59*27 per oent OTOT nid-parent Talaea 

(l^ble 5)» of whioh only 16 hybrida ahowed aignifleant poaitiTO 

heteroaia* The remaining 16 hybrida ahoired negatiTO heteroaia 

orer aid-parent valiiea rmging from »0*06 to -20*66 per oent* 

Only one hybrid (289 x EC.68415) waa aignifioantly ahorter than 

ita Bid-parental yalue* 

Forty four hybrida out of 66 ahowed aeffitiTe heteroaia 

over higher parent ranging from -0*67 to -90*55 per oent* But 
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only in 5 hybrids nwMly 296 x Nord«n, 275 x £0«68415t 

269 X £0«684X5t 266 x O«a*pool and 269 x O«i«poel, it m 

•igaifioant. lh« rwwlning 22 hybrids ahowsd poaitiva 

hataroaia ranging from 0«22 to 34* 9X par eant af vhiah tha 5 

hybrids Yis.t 276 x Mordant 286 x Mordan and 294 x Mordan \mr9 

signifiaantly tallar than thair parants* 

Sixty thraa hybrida out •£ 66 ahovad aagatira hataroaia 

ranging froa '-1.25 to •92«06 par oaat e-rar bast parant •£ whiah 

in 28 hybrids it was aignifioant* fvo hybrids aaaaly 

269A X fiC«68415 and 276 x £0«68419 ahotrad pesiUTS hataroaia 

which hovarar vas not signifioant and tha hybrid 298 x Sanapool 

did not shov hatarotio •ft99X far haight* 

Tha faaala lina 286 showad signiXiaant paaitiva 

hataroaia in aonbination with all tha thraa taotars 9f99r 

aid*parantal valiia. 

2,9* Sttfg girth 

Una 27$ (2*47 an) and E0.66415 (2.40 on) had tha 

highsst Stan diasatar anang fasalaa and aalas raapaativaly. 

Tha hybrida 269A x B0.68415 and 266 x £0,68415 raaordad tha 

highast Stan girth (2*25 an) aiseng tha hybrids. 

All tha hybrida axoapt two 290& x S0.68415 and 

290A X Owiapool shovad aithar aignif ioant poaitiva wt nagatire 
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h«t«rosia over ald»par«ntal Talu*«« lineteen hjbrida ahow^d 

•ifiiifioant poaltive h«t«real« ranglnf trma. 0*93 to 7*65 par oaat* 

Tortj fiva hybrida ahovad algnlfieant aafatlra hatareaia ranfiac 

ttpm *1«05 to -20*58 par oant (Tdbla 6)» 

Aa ragarda hataroala orar highar paranta 31 hjrbrlda 

ahewad aignifloant aagatlva hataroala rangiog from -l.SO %a 

*23«75 par oaat* Six hybrida ahovad aisal^ioant poaitira 

hataroaia ranging f:reii 1«49 to 4*99 par oaat* fliraa hybrida 

•la«t 294 X Moxdan* 292 x Oanapool and 294 x Genapool did not 

9hov hatoroala* 

All tha hybrlda ahowad algaltlaant aagatlva hataroala 

9it9r boat perant* Iha axtant of nagatlva hataroala waa -9*72 

to *34«01 par oant* 

Out of 66 hybrlda alx hgrbrlda (naaalyt 276 x Mardaa, 

294 X E0*68415* 286 x Oanapool* 288 x Oanapool, 290 x Oanapool 

and 296 x Oanopool) ahowad aignlfloant poaltlYO hataroala ovar 

ald'parantal valua and highar parent* 

2.4* OiPityXim (llfliattftr 

The line 275 had the hlgheat oapltulun dlasetar (17*3 oa) 

•aoag faaalaa and K0»68415 had the hlgheat oapltuloa dlaaeter 

(18*4 oa) among pollen parenta* Xha hybrid* 265 z BC*68415 

reoorded hlgheat oapltulua dlaaater (17*6 ea) aaong the hybrlda* 
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Of th« 66 hybrids studied, 49 sbonsd asgatiTS hstmrosis 

OT«r aid-parental values rsoflac from -0.64 to -19«41 per eeatt 

however in 46 faybride it was sienifioant. The reaslnlnf 17 

l^brids showed positirs heterosis tron 0*61 to 10*69 p9r osat 

(Table 7) of vhieh in 12 harbrids it was sitfuifieant. 

As regardst highw parent and best parent heterosis 

all ths 66 harbrids showed highl/ signifioant nesative heterosiSt 

the eartent being -2.91 to *24«42 per oent over higher parent 

and -4*55 to -29«35 9«P o«nt over best parent* 

2«9« flint yJiM 

Ths lins 275 rsoonled highest yisld (45*60 g) S M I « 

ths fsaalss and £0*68415 (47*58 g) aaeng ths salss* Howevert 

the high yielding hybrid (49*32 g) involved the parents 263 and 

£0*68415* 

Tvslvs hybrids out of the 66 showed positive heteroslB 

ever the aid-parent value ranging from 0*44 to 43*58 per oentt 

however only in 7 hybrids it was signifioant* The hybrid 

263 X SO.68415 reoerded higher signifioant positivs hsteroeie. 

Fifty three hybrids showed negative heteroeis of whieh in 45 

hybrids il 1̂ 9 signifioant* The extent of heterosis rangsd 

from -2*09 to -47*72 per oent (Table 8)* Qbe hybrid 

263 X Oenepool did net show aqy hsterosis* 
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Obly oiM liytoid 265 x £C,68415 shoved pMltiv* heterosis 

whiolt hov«T«r wa« not •ig^fioant ovtr higter 9«r«iit* Sixty 

four hjlariA9 abov̂ d n«£atlT« h«t«ro«l« rmnfing fttm *3«00 to 

•49*68 p«r o«nt ov«r higher par«nt« 

8ix$3r fiy out of 66 narbrlds shovtd 9lgnlfioant 

a«gatif« h«t«ro8ia ov«r b««t parent raogliut ftroa -6*79 to 

-54*94 par oant* Qna hyhvU 265 x £C« 68415 iwd ahown poaltlTO 

hataroaia but tha valua waa not aignlfloaat* 

fha IVam 265 parfonaad battar abovlng poaltlva hataroaia 

la oombiaatlon vlth Mordan and aigniflaant poaltlva hataroaia 

la aoablnatlea vlth £0*68415 orar aiid-parant Talua* It alaa 

ahovad paaitlva hataroaia ovor highar and battar paraat la 

eoabination with &0«68415 (Tablo 8) , 

2*6* TfllttM nlAX 

Tha liBO 275 (79*86 g) and Ganapeol (74*55 g) had 

highoat Toluaa waight raoordad aaoag faoalaa and oalas 

raapaotlTalj* Tha hgrbrid 290 x £0,68415 had ahovn highaat 

•olWM waight (85*47 g) aaong tha hgrbrida* 

fartj out of 66 fajrbrida ahowad paaitiva hataroaia orar 

aid-parantal Taltaa ranging from 0*16 to 18,54 por oont of whioh 

in 22 it vaa aignifioant* Tha raaaining 26 tagrbrida raoordad 
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B«g«tiT« h«t«ro8U ranclng f̂ roa •0«81 to •12«42 p«r otntf taA 

In tiMlT* of thos i t vas olenifioant (TabXo 9)« 

Tvonty tow Iqrtoldo l̂ovod pooitiTO httoreoio OTor 

hii^w parontt «iiA in 7 of ihm It WM sicnifiowEit* 9ho 

oxtont of hoteroBlo rancod firoa 0«81 to l|«81 por ooat* Tlio 

roBAlniag 42 taybrlda ohowod zMfAtivo liotoyooio roacing ftroK 

-0«71 to *16«44 por oontt but in 50 of "Uion onlj i t \nm 

•ignifioant* 

JQVOP hfisriAm showod poaitiTO hotoroaia OTor boat parant 

ranging from 0*18 to 7*02 por oont of whioh oa» iqrtarid 

(290 X £0,68415) vaa aignifioant* Sixty two romaining taytarida 

ahewod nagatiTO hotoroaia ranging froa -OvlS to -I8.57 por oont 

and in 52 of than i t vaa aijptLfioant* 

Idna 296 porformod bettor with all tha throo toatara 

by giving poaitiTa hataroaia oror aid and highar parantal 

T&luaa* Una 260 in aombination with B0«68415 and Ganapool 

ahowad aignifioant paaitiva httaroaia orar aid^parantal Taloa 

and pooitiTO hotoroaia arar highar parant* 

2*7* Ittt ¥tiAt 

Tha Xina 289 had tha highaat taat voight (4*97 g) nang 

tho f^Mlaa and £0.68415 had tha highaat taat vaight (6,00 g) 
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uong XhB polltn pa3*«nta* th« lajhriA 263 x BC«68415 had th« 

highMt t«st v«lght (6«17 g) msiong th« lijbrida. 

Tir«XT« hybrids shovtd poaitlrt htt«ro«ls ranging from 

0*22 to 28*27 par oant avar nid-parant and in 8 af thaa it iias 

aigaifioant and tha hybrid 263 x £0,68415 r—pxd^d highaat 

paaitiva hataroaia* ^fty tvo hybrida ahavad aignifioant 

aagatiTa hataroaia ranging firoa -0«57 to -26«14 par oant* Vwa 

out of 66 hybrida vis*, 276 x Mardan and 290A x Ganapool did 

not ahow hataroaia (tabla 10)* 

Qoa hybrid * 265 x £C«68413 - esbibitad aignifiaant 

poaitiTa hataroaia ovar highar parant and alao ovar baat 

parant* Raaalntng 65 hybrida ahowad aignifiaant nagativa 

hataroaia ranging f̂ roa •6*59 to *55*00 par aant orar highar 

parant and froa •10*00 to ->5a«55 par oant orar baat parant* 

Zfaa lina 296 ahowad aignifioant poaitira hataroaia 

9fr Bid*par«at valaa in oombination vith all tha thraa 

taatara* Tha lim 265 alao ahowad aignifioant paaitiira 

hataroaia ovar mid-parant valua, highar parant and baat parant 

in ooabination with £0*68415 mad orar aid-parantal Talua with 

Ganapool* 

In auaflowar low hull aontant ia prafarrad aa ail 

aontant ia inraraaly ralatad ta hull aontant* Tha Una 275 
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(21.22 p«r o«at) and E0«68415 (23*43 par oant) had low hall 

ooatant among fainalaa and oalaa raapaotiToly* Tha hgrbrld 

290 z Oanapool (21*95 par oant) raaordad lovaat htai eontaat 

among hybrida* 

Thirty ona out of 66 hybrida ahowad nagativa hatareaia 

ranging ftroa "O.SS to •19*22 par oant orar aid*parantal ralaay 

26 of tham had aignifioant nagativa valuaa* Baaaining 55 

hyhrida tohihitod poaitira hataroaiat ranging froa 0*47 ta 

26*78 par oant, and in 26 hybrida it vaa aignifioant (Tahla 11)* 

Fourtaan hybrida ahovad laaaar hull oontant them tha 

highar parant* Sxtant of nagatiTa hataroaia vaa from -0*64 ta 

•14*95 par oant and in 10 )iybrida it irna aitfuifioaat* Hoaa 

of thau linaa ahowad nagativa hataroaia with BO.68415* llfty ona 

aat of 66 i^brida ai^bitad poaitiva hatareaia ranging froa 

0*27 to 37*04 par oant, of vhiah only in 5 hybrida it vaa not 

aignifioant* Ona hybrid 256 x Mordan did not ahov any hataroaia 

poaitiva or nagativa for thia oharaotar ovar highar parant* 

All 'ttie aixty aix hybrida undar atudy had nora hall 

aontant than thair baat parant* ^ a y ahovad aignifioant 

poaitiTa hataroaia ranging trvm 2*73 to 38*97 par oant* fha 

linaa 294 and 298 did ahow aignifioant nagativa hataroaia orar 

Bid-parantal valua with all tha thraa taatara* Iha linaa 294 
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aad 286 showed 9igaitiomn% a«catiTt hrlcrMis owwr »iA-par«ntal 

and hicJMjr parintal vala** In ooaMaation vlth Mordtan and 

O«n«pool* 

2.9« S 

tha Una 278 raoordad hlfikiaat ail aoataat (47«60 par aant) 

faoalaa and ganepool raaordad hlg^aat all aontaat (44*20 

par a«it) anmig tiia polXan pvanta* fha lî rtold 260 x £0,68415 

axhibitad highaat oil aontwxt (47*10 par aaat) aaanc tha 

hjflsrida* 

I'orV aiaa out of 66 l^tarida ajhibitad paaiiiva 

iiataroaia ovar 2ald»paraatal Tsluaai hoifarer in 38 h^brida only 

i t waa aignifloant* %tant af hataroaia vaa froa 0*01 ta 

22.81 par aant* fha hybrid 272 x S0.68415 raoordad highaat 

paaitiTa hataroaia* Sarantaan hybrida î avad aagativa hataroaia 

raofinc from. -0«03 ta -11.25 par aant* Of thMi, twalva h3flMrida 

ahovad algoifioant aagatlTa hataroaia (Tabla 12)* 

P̂wanty aix hgrbrida ahovad poaltiTa hataroaia ̂ it^r 

hichar parant ranciaff trom 1»06 to 18*84 par aant and in 

21 l^brida i t vaa aigaifioaat* The l^brid 260 x £0« 68419 

raoordad hifhaat poaitira hataroaia* Thirty aaran of tha 

raaainlng farty hybrida ahovad nagatiTa hataraaia rangiag 
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6.1 

firem oO.Oa to •8.54 vr o«ntt and in 27 It v«« sicnifloant* 

fhre« taybrids did not show heterosis* 

Sixty fiTt out of 66 harbrida ahoved xwgatiT* heterosis 

sirer best parent ranging fron -I*05 to «>27»73 per oent and 

63 of then exhibited signifissat TaXues* Okae hybrid • 

284 X £C.68415 * reoorded signifioant positive heterosis* 

Ihe line 272 showed signifioant positive beterosia 

over aid-parental value in eoabinatien with all the three 

teatera. The line 277 exhibited eignifioant poaitive heteroaia 

trw^r aid-parental value and higher permit in ooabination with 

£0*66415 and Oenepool. Una 284 with £0«66415 reoorded 

aignifioant poaitive heteroaia ever aid-parent» higher parent 

and beat parent valuea* Una 289 with all the three teatera 

ahowed aignifioant poaitive heteroaia over aid and higher 

parental valuea* 

2.10* 911 Yitlfl Ptr ffUnt 

Tb» line 279 <19.06 g) and £0.68415 (ld«92 g) reoorded 

higheet oil yield per plant aaeng feaalee and aalea reapeatively* 

and the î tarid 265 x £0,68415 reoorded highest oil yield per 

plant (18.28 g) aaong the hybride. 

Sixte«i out of 66 hybrida eathibited aignifioant poaitive 

heteroaia over aid-parental valuea* ranging firoa 2*66 to 40.80 

per oant. Ihe hybrid 265 x £0,68415 reoorded higheat poaitive 
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h«t«roala* 'ortr a ^ « bytolds Aoiftd ntgatir* h«t«rosls» 

TCSfiac trma. -0.07 to -44«90 p«r e«nt, of thoa In 46 It va« 

•ignlfloant. Quo l^rid 276 x Oonopool did not ohov hotoroolo 

(Tmblo 13)* 

Tht l̂ lurid 276 x Mordon roeordod olcnlfloant poaitlTO 

hotoroalo oror hlghor paront* Raaalnlng 65 tajlnrlda axhlbitad 

nagatlTO hataroaia raacinff firon -2«70 ta -55.09 par oant» of 

tham axaapt ana hybrid (290 x Mordan) othara shovad aignifioant 

nagativa Talnaa* 

All tha liybrida axiiibitad aignifiaant nagatiya hataroaia 

oTor baat parant ranging frwtt <-4*19 to -62«10 par oant* Ê!ha 

linaa 263i 272 and 298 in aombination vith Mordan and £C«68415 

ahovad highly aignifioant poaitira hataroaia OTor aid^parantal 

Taloaa* 

fha varianooa vara pifftitionad into Tarianoaa doa to 

ganaraX oombining ability (OCA) and apaoifio oombining ability 

(SCA)« OOA and SCA Tarianoaa for tan oharaetora undar atudy 

ara datailad in Tabla U . 

It aould ba infarrad fron tha tablo that non-additira 

g9Xi» aetion ia aora proainant for aaran out of tan oharaotara 
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AHUitjr 

Oh«r««t«r 

90^ fl«ir«riiig 

Flaat iMifM 

8t«B f ir ih 

Oayitiaam A&«Mt«r 

Plant jl«14 

••1«M IWifitlt 

f ••% v^li^i 

Hull •mt tn l 

Oil ooxit*at 

Oil / i t l d ptr plant 

••vlaaM dot 
to i»A 

5.059 

155.17a 

0.0049 

0.U5 

4.557 

0.706 

0.0204 

0.74i 

1.551 

0.979 

to ooo 

4.294 

66.955 

0.0056 

0.008 

U.185 

8.976 

0.1192 

1.150 

1.672 

2.449 

fOO t flOtt 

110.892 

110.499 

l t l .145 

ltO.096 

115.256 

lt l2.190 

119.647 

111.919 

l t l .257 

112.497 
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und«r study naaely, aXma. girth, plant yitld* roloat iwii)it» 

t««t v«ight« hull oont«nt» oil ooat«nt and oil fi9U fW plant 

as tha Tarianoaa due to SOA vara highar in thaaa abaraatara* 

But tha raoaining thraa eharaotara - Humbar of da^a Xakmn 

to 50 par oant flowaring, plaat baight and aapitolua diaaatar -

bara bij^r varianoaa dua to GOA aoaparad to SOA auggaating tha 

oparation of additiva gana aation* Tha ratio batvaan (30A 

and SCA Tarianoaa waa laaat (ltO»056) t9r the oharaatar roltua 

vaight and higheat (1112.150) for •olwoa vai^t among tha 

obaraetara atudiad* 

4. ffMblntnrr ̂ mity tffwti 

The general acabining ability affeata for liaaa and 

taatara partaining to tan oharaotara ara preaanted in Table 15. 

Tha linae 277» 2e9» 266, 290, 278, 260, 269» 270 and 

290A ahotfad aignifioant nagatiTa effeota while tha linaa 266, 

292, 298, 276 and 294 ahowed aignifioant poaitiTa effeota for 

nttabar of daya talcen to 50 per oent flovaring. Tha liaaa 

286, 294f 265A, 298 and 276 ahowed hifljh gaa effeota for plant 

height. The lines 289, 270, 260, 277t 256 and 269 exhibited 

aignifioant gaa affeata for dwarftieaa* The linaa 272» 276 

and 286 ahowed high gaa affeata for ataa girth while the linea 

289« 270, 260 and 278 had aignifioant nagatire gea affeata for 
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this 0h«rMi«r« U M S 286« 263f 272 and 292 had hl|^ foa 

•ffaaia and tHa liaaa 2e9» 278f 270 had alfnlfloaat mg&tiw 

taa affaota far aaplttaum diaiaatar. Tha Unaa 269, 276, 263A, 

290 and 266 had alfalfiaaat faa affaata far tha aharaatar flasi 

jiald, wharaaa tha Unaa 270, 277, 269 and 269 had aicolflaant 

nagaUTa affaata, fha liaaa 290, 284, 277, 256, 294, 290A 

had high foa •tt—U^ whiXa tha linaa 266, 266, 270, 296, 278 

and 267 had aigniflaant aagatlTa gaa affaata far valua* vaight* 

Zdnaa 290A, 265A, 265, 289 asdiihltad high gaa affaaia Ur U9% 

vai^t, vharaas tha Unaa 280, 266, 256, 289 and 278 ahawad 

aigalfiaant nagativa gaa affaata far thia aharaatar* Sha 

liamw vhiah hava aigtiifieant nagativa gaa affaata tw h«U 

aontant vara 298, 290, 284, 289, 269, 294 and 290A, vharaaa 

tha linaa whiah ̂ aignifiaaat poaitiTa affaata far thia aharaatar 

vara 270, 266, 265, 256 and 265A. fha linaa 284, 290, 260, 

276, 275, 289 and 298 had high gaa affaata for ail aentant 

vhila tha linaa 278, 270, 286, 266, 256, 290A and 286 ]»d 

aignifiaant nagativa gaa •ttwtitm far thia aharaatar* With 

raapaat ta ail yiald par planl tha liaaa 276, 263, 290, 265A 

and 298 ai^kibitad high gaa affaata lAtaraaa tha linaa 270, 256, 

277 and 289 had aignifiaant nagativa gaa affaata* 

Aaang tha thraa aalaa Jordan (riia%itd aignifiaant nagatiipa 

fan %ttm%m far all tha eharaatara atudiad aaaapt for hiOl aantant 
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la vliUJi it AwHi high p^tiXiw fi« tffMto. ie.68419 

•3^1bit«4 high flienifioant posiUir« •ffMta for all tte 

•havMUra aiNapt hull oontaiii anA Toiina Might* It ahowa4 

aonoaigTiifioaat paaitiT* gea affaat and aott-ai^afiaant aagativa 

ita affaat far •olaaa vaight and huXl oontant raapaativaly* 

<laaapaal had high gaa affaata for auabar af daya takaa ta 

50 par aant flovarlngt plant haight and ail oontaat and it had 

algaifiaant aagativa gaa affaat far hull eontaat. It had 

aoa*aienlfloant poaitlva gaa affaota for tha aharaotara at«a 

girth and voluaa vaight* aoxi»aigBifloant aagatlTa gaa affaota 

far tha aharaatara aapitulua dlaootar* plant haight» taat vaight 

and ail jlald par plant* 

1 ^ apaoifie aomblning ability affaata (aaa) partainlng 

ta tan aharaotara atudiad ara praaantad ia Tabla 16« 

Idaao 294. 269, 275 and 292 vith Mardaa and 284* 270, 

299* 260* 269 vith DO. 68415 and 288, 289* 290, 256 and 276 u 

vith Oaaapoal had high aaa affaata for nmbar af daya takaa to 

50 par eant flavoring. Uaoa 276, 298, 284 vith Moi^aa and 

294, 289, 292, 275 vith B0,68415 and 260, 270, 269 vith Owiopool 

had aigaifiaaat aagativa aaa affaata far thia aharaatar* Six 

liaaa vith Mordaa, aaran vith £0*68415 and aix vith Oanapaol 

alaa had paaitiva aaa affaata and tha raat had aagativa 9ttmU» 
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Uxmm 279* 269 with Merd«a» 278, 276» 266 vlth £0,68419 

•na 298t 296t 290» 289 with 6«n«pool had high ••• •tfoU 

vhmn— Ila*s 298, 272 with ^tord•a| 275, 289 vith £0,68419 aaA 

266, 269 vith Gvmpool had •Ignlflount a«0itlT« M m 9ttm%9 

for pUat h«ight, T«n lliMs with Mox««xi, tli^t with BO,68419 

maA ftr* vith 0«Mpoel had posltlTt M a affMta for tha aaaa 

oharaotar. 

tkOr tluPM hytarida i,a„ 266 x £0,68419 and iha linaa 

290, 296 vilh Oanapaol had hifh M a affMta ant 292 with 

Mordant 289 with E0,68419| 269A aaS 266 with Oanapoal had 

aignifieant aacatira M a affMta far ataa girth, £lavaa 

linM with Mardaa, alavaii with B0,S8419 and aii^t with Oaaapool 

alao ahowad poaitiva M a aftaota and tha raat had aagatiTa M a 

affMta twt atoM girth, 

Otalj ana tagrhrid * 296 z OanapMl - had high M a affMt 

and 296 with Morden and 298 with Oanapool had aignifioant 

aagatira M a affMt for oapitulua diaMtar. Blaran liaM with 

Merdan, alavaa with B0,68419 and twalva with Owiapoal had 

aignifioant poaitiva M a offeota and tha raat had nagati^ro 

offaota for oapitolun diaaator. 

Idata 276, 289, 269 with Nordani 265, 269A vith 

£0,68419 and 276, 296, 278 with Oanapool ahowod h i ^ O M offoota 
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for pint fUU v h « M M 273* 292, 265A with MorAnt 276» 290 

vith E0.6B415 and 289, 265, 256 with OwMpool had sifiiifloant 

atfatlT* mm •ffMt«« S«T«I U I » « with Mordoa, t«i with 

10.68419 and ulna with Qanapool had poaitl?a aoa affaota and 

raat of tha h^teida hai nofatlwa offaota* 

Mordon with 269, 294, 289, 276 and iC,68419 with 290, 

256, 269A, 277 and Oonopool with 275, 260, 290, 292 ahowad 

high oaa affaata for Tolitao woight, lAioraaa llaoa 277, 260, 

26)A, 265, 296 with Mordant 269, 269 with 1!0,68415 aoA 256, 

290, 289 with (Oonopool had aignlfloant aofatlTo aaa affaata* 

Bight linoa with Moxdaa, fiva with B0,68415 and niao with 

Oonopool aloo had poaitiTO aaa affooto, ranalning hgrhrida had 

aogatiTO offoata* 

Unoa 276, 289 with Mordoni 263 x S0.68415 and 278 x 

Owiopool ahowad aiffnifiaant poaitiva aaa offoota and tha liaoa 

269, 292, 278 with Merdaa, 278 x B0,68415 n d 298 x Gmapool 

had aigaifiaaat a^atira aaa affaata t»r taat waifht* Vina 

liaaa with Mordoa, olovon vith £0,68415 and tan with Oonopool 

also had poaitiTO oaa affaata* 

Liaaa 284, 276 with Mordaai hyhrid 275 x £0.68415 horo 

col high aignifioaat aogaUto aaa affoot aid tha linoa 275, 

260 with Mordoat tha hybrid 276 x ]@0*68415 and liaaa 284, 296, 
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290A ^th (l«!i«pool iMii miffkitiMKA poaUlv* mm •ffMtt for 

tint eharaot«r hull oont«nt« ftn HUM vlth Mordtat tiMlT* 

v i ^ se*68419 sad tliirlM& vitl^ Otat^Ml Also wkiantH iMftttlT* 

Ma 9ffeot8 and rtvl had poaitiT* affaata* 

tha Itarhrlda 269 x Hordaa« 284 x EC.684I5 and 277 x 8aaafaal 

liaA hii^ ata affaata tar ai l aontaat and ilia liaaa 278^ 260* 

277 with Moxdaai 266, 290A, 289 with 10.68415 and tha hgrbrld 

290 X (Hmapaal had aignifloaat nasatl<va aaa affaata* Slavwi 

liaaa tilth Hordan, alaran with B0« 68415 and taa with Oanapoal 

haA poaltiva aaa 9tt99%9 for tha oil aontant* 

Four linaa 289, 294» 276, 290 with Hordani two liaaa 

26?A, 269 with B0,68415 « d thraa liaaa 277, 278, 296 with 

Ganapoel had high aaa afftata for ai l yiald par plant «id 278, 

26H, 292, 277 with Hardaai 276 with £0,68415 «ad 289, 269, 

294, 256 with Cfanapool had aignifiaaat aagatiira aaa affaata* 

« l ^ t liaaa with Merdan, aiaa with £0«68415 « d aight with 

Oenapool ahowad paaitiira aaa 9ttm%m and raaaiaiaf hgrteida 

aichibitad aafativa aaa affaata* 



DISCUSSION 



•• BISOUSSIOIf 

Breeders are aalnly intereeted in the inprevemeai of 

the ttXtinate yield and its eoapoaente whleh are polygejileally 

inlierited and thej do net behare M eiaple Mmdtlian tndtt* 

The •onponent aaal7«ie ie helpful in predioting î iieh ef the 

eroeeee aire preaieing wi the baaio ef the earteat of additiT* 

geaetle varianee. the eonoept ef general and «peeifie 

•embininff ahilit/ (Spragoe and Tatm* 1942)» vhioh are due to 

additiTO and non-additive g«ne aetion reepeetiyely, helps the 

breeder in aaaessiug many lines of oroea pollinated erop plants 

in a short period for oomnereial exploitation of heterosis* 

The ttltinate ohoioe of the line to be nsed is detemined 

by tvo faotorst (i) SSL It perfbraaaee ef the linee (ii) its 

behsTiour in hybrid oonbinatioa« Sens ide* on the usefolnees 

ef the parente may be obtained froa their indiTidual perfonaanee 

partioiilarly in respest of yield ooaponents ((̂ ilbert» 1938)* 

Cenetio stroeture and diTergense betveen the parents 

inrolved governs the nature of gene aotion« Zt is therefore 

aesossary to asseee the genetio potentialities of the parents 

in hybrid eonbination through systeaiitie studies in relation to 

general and apeeiflo ooabining abilities. Une x tester 

analysis or inbred x variety or top eroeSf nsthed has been 
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•3rt«]iaiv«Xy u««d In ••'liaating tb» eoabiaiac abilitr o' liiMS 

la Tarlous orops like oaii*, bajra, 8orchiiia« emstor aoA 

•imfXowr* 

Xa Buaf lGw«r» th« •iqpleltation of htttroala and 

davalopment of harlNrida vaa aado oaay wltb tha diaoorary af 

faaatla and aytoplaaaio aalaoatarllity. fha aaxlmai atiUsaUon 

af hataroala in a ovep ia poaaiUa wiian varianoaa dua to both 

additlTO and non-additlva gana aation ara fully aiplaitad aa 

thay play a aifnlfioant rola in datorsining tha aasaitiide af 

tha aspraaaion of yiald and ita ooi^onanta* In tha preaant 

InTaatigation lina x taatar analyaia vaa andar takan for 

aatiaating tha eoablning ability and aagnitiida of hetaroaia in 

twaaty twa inbrad linaa of aunflawar* Tbm raaulta obtainad 

ara diaouaaad in tha folloving pagaa. 

A* Humitadft ftf %ttrwii 

Qtaa of tha objaatlTaa af tha praaant atudy waa to 

aatisata tha aztant of hataroaia for rariaua oharaotora. Thraa 

aothoda TIB., darlatien froa aid, highar and baat parant vm 

as^loyod to aaaaura tha aai^tuda af hataroaia* 

for daya talBaa ta 50 par oant floworlng, all tha hybrida 

ahovad poaitira hataroaia orar baat parant* Thirty ai^t aot 
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of oixlj tlx l^tarldt shoiMid iMi»tiT« li«t«ro9l« oTtr aia^parc&t 

•altM •osfoatijif th« non-additi^* gKi» aotlon for tarlinooo la 

thMO •ro80««« Botartoon tagrbrldo oxhlbltod aoc»tiTO hotoreoio 

•••r higtior parontt bono* oror doBinnoo for •arlineoo eporatod 

in tteao oroMoa. Hovmwr 26 and 6 liybrlda ahowad alipniflaaBt 

••iatlTa hataroala ovar aid and highar parantal valuaa 

raapMUTaly. KoraojJc (X9$9» 1960)» laagu and Catrina (1963), 

Tolpa (X967» X977)» Trmoaanu (1973)» Saiaaaahulc li «!• (1974). 

Vaagu (1970), Skorlo (1977) and ToakoboinUc (1978) raportad that 

hjbrlda hara flowarad aarliar. Saatharaa fi jL« (1977) raportad 

aignlfloant poaitira hataroalat Sattŷ  and Beaudao 8in^ (1977) 

obaarrad hataroala apto -1.18 par oant In tha iMat aroaa. Xwnlk 

and Sallaa (1962) and lEoraolk and SIcaleuA (1978) raportad delayod 

flovarlng In tha h/brida* 

For plant halghtt only 2 hyhrlda (265A x BC.68413 and 

276 X £0*60415) ahoiiad nenoalenlfloant poaltlro hataroala orar 

baat parant* Forty hybrlda had poaitlra hataroala ovar 

ald^parantal ralua Indlaatlng tha non-addltlva cana aatlwi in 

thoaa aroaaaa, but tha hetaroaia vaa aifnifieant only in 

16 hybrlda* !IVanty hybrlda ahovad poaitlTa hataroala 9wr 

highar parantal -valaa upto 54*91 pov oant aagtaatinc tha ovor 

daainanoa gana aotlon for plant halght in thaaa oroaaaa* 

Sararal aathora hava raportad aarkad hataroala far plant 
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hi$Ufi»t (Kiunilk andi Z«11M, 1962| Sohostcr, 1964t FttU, 1966| 

iMiCOt 1970t T«lkov9 I970t XXoesovakllt X97Xt HiflfiiiTi t i l l * * 

19711 XtfTMlk Mia Skslond, 1972 aaS X978| lM3r«X«Ukil, 1973t 

S«««]MVMi i i Al»t 1977). Ob VM oontrarsr TuXp« (1967* 1977) 

md Skmrlo (1977) •iBserred T9Amtl9a. la plant halght la kylnrlds* 

V*fatlT« h«-toro«ls orr«r bast parant vaa obaarvad bgr 

al l tha 66 h/tolda for tha aharaotar ataa flvth* Howavart 

20 iiarbride aut af 66 ahawad poaltlta hataroala o^ar ald-parantal 

•altia aucgaatlag tha aan«»addltlTa gwM aatiaa far thla 

aharaatar* Six tagrbrlda showad paaitlva iMitaraala avar l i l i^r 

paraat ladiaatlag orar^oalaaaaa far hlcter ataa girth la thaaa 

oTOB—99 Tolpa (1967) rapartad thiakar ataa la tha harhrlda* 

Saatharaa §X • ! • (1977) rapartad naa-al^ilflaaat hataraals far 

thla aharaotar* 

All tha 66 hybrlda ahovad algalfiaaat aagatlva hataroala 

Qiwr hlghar and baat partt&t valoaa far aapltolaa dlaaatar* 

8avanta«i hybrlda î owad paaltlra hataraala orar ald^paraatal 

valua apto 10.69 p9T oant and af thaaa la 12 hjbrlda It waa 

alfRlflaaat* Sa* non*addltlTa gaaa aatlan %ma faisid to ba 

aparatlnc la thaaa araaaaa far haad dlaaatar* X&aa 286 ahovid 

•Icnlf isant paaltiva hat«raala avar tha aid-paraatal Talaa la 

eofflbinatlan vlth all tha taatara* Slgolfloaat poaltlva hataroala 



hem also beon obser^^d toy 8ohuat«r (I964) upto 60 ptr owat 

and \x9\0 n P9V ««at 1^ S«tt/ «ad 2ift9iail«o Sing^ (1977) tfiA 

•arlotts i t f y M toy fbforUUkii (1975)f XirFaoik aai SnlatiA 

(1972* 1978), TttXpt (1977) aad SMtluunM i i fli. (1977)* 

for wA yield, only OEM hybrid 263 x M«i8415 ahflwad 

noii*algnlfl0aa-k pocltlTa iwtwroala owr hi^mr and baat paraat 

Talaaa. iPdaltlTa hataroala orar old-parental Taluaa vaa 
of 

aliaarved In 12 l^lnrlda and a aaaclBWiK45*38 par oant vaa raaordad 

in tha araaa 269 x £0,68415* Qila la auggaatlya of naa-addltlTa 

iwia aotlon for thla eliaraatar atlaaat la tliaaa eroaaaa* Tlw 

9roaM9 wMah ahevad hlgliar aaipyitada af hataroala far aaad 

ylald« la gaaaral alao ahovad Mftaar hataroala la li^artaat 

ylald ooapoBMXta Ilka at«a glrth« Tolttaa valghtt ^^ walghtt 

aapltuloa diameter* Marked heteroala far ilia aharaeter aeed 

yield liaa alae been reported ^ aaay autiiora (Habiira, 1938t 

Koraolkt 1959 end 196O1 Xarnik aad Zallea, 1962f Ytoper and 

loaaroT, 19631 Keagu aaA Oatrlaat 19651 Sahuatert 19S4t fiitif 

19661 Tttlpa, 1967t •rwweana* 1967 « d 19751 Orabaajakf 1967t 

Omdaer, 1966 and 1966a| Tranoeanu and Stoeneaeu, 19691 VcaffU* 

197O1 Vlaaatlal, 1971t ]«elere«i 19711 KleeaowakU* 1972 ead 

1975| Tal*f aad I>uaaeheira» 1972t Bavaalk MA Skaload, 1972 

aad 19781 SluvaTlna, 1972| Tarahl, 19741 nek aad Zlaaer* 1974t 

•oakobolalk « d Soldator* 19751 BMtieel aad Aita, 1977t 

file:///x9/0
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KlimoT and ErMoatilnt 1977t Setty •xA a«8iiA«o Slx^h, 1977| 

Seetharan sL Al*f 1977t GorhaehenkOt 1977 woA 1979f 7»skoboinik, 

X976| Tratarlo and Krisxunio, 197dt Singh ji iL», 1978| Sadio, 

I979I Vraxk^ I979t Hoahkova, 1978). 

7or Toluna valght* 4 liytoida ahofwad poaitira hataroaia 

^wr baat parant and in tha oreaa 290 x £0«684X5 it vaa 

mXipkitioant, Party hybrlda axhibltad poaitlira hatarasia orar 

nld-paraatal valua auggaating non-addltlTa gana aotlon far thla 

eharaotar in thaaa araaaaa. Tvanty fovae bylurlda 8hot#ad 

poaitiTa hataroaia upto I5*SI par oant aivar higbar paranta 

raraalixig arar doaln noa in thaaa oroaaaa for roluaa vali^t* 

lin9 296 parforaad wall with all tha thraa taatara ^ aheving 

poaitiTa hataroaia ovar aid and highar parantal Taloaa* Tiilpa 

(1967) obaarred hataroaia for haotolitra waigfat* 

For taat waight, only ena hybrid - 269 x SO,68415 * 

ahovad aignifioant poaitira hataroaia orar highar and baat 

parant* Twal-ra hy'brida ahovad poaitiTO hataroaia orar 

•Id-parantal Taluea upto 28*27 par oant* Thia auggaatad 

again tha oparation 9t non-additiTo gana aotion in thaM 

9romm»»m lianlk and Zallaa (1962) ebaarrad hataroaia i^to 

10*8 par oant for 100 aaad vaight* Yolpa (1967), Tbgorlatakii 

(1973), Saatharan H il* (1977), Tulpa (1977)» Singh ll Al. (1978) 

ha<ra alao raportad al^iifioant poaitiTa hataroaia for toat vaight. 
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UttXI oontwit is an lapoxtant oharaoter that d«t«raiii«a 

tha ail oontant in tha aaad* All tha 66 Ja^hrldm undar atady 

had aora hall aontaxtt than haat parant* thirty ana hytoids 

ahawad aagatiTa hetaroala upto •19*22 par aaat arar aid-parantal 

Talaaa aucgaating aaaraddltlYa gana aatian in thaaa araaaaa. 

But tha nagatlva hataroaia vaa aignifiaant in 14 hyhrida. In 

14 hybrida nagativa hataroaia far hall aontant vaa abaarrad 

avar highar parant opta •14*95 par aant indioating tha aparatian 

af 9fT dozoinanaa gane aatian in thaaa aroaaaa* Unaa 294 

and 298 ahovad aignifiaant nagatira hataraaia vmr aid*par«ntal 

•aluaa with all tha thraa taatara* Sohuatar (1964 )# Bagorletakii 

(1972)t 8«tt7 anA Baaudao Singh (1977) and Sttrbak (1966) 

abaarrad ganarally lovar huak aontant in tha hyhrida* idiila 

ShuraTina (1972) raportad that tha hyhrida had highar hull 

aontanta* 

Hataraaia for oil aontant haa baan rapartad by aavaral 

authora (Habora, 195B| B»poT and 2«saroVt 1963i Kooga and 

Ontrina* 1963t Sahoatar, 1964t Tranoaanat 1967 and 1973| Tolpa* 

19671 Shorarina, 1969 u d 1972| Tranaaana and 8to«naaaa» 19691 

Tol*y, 19691 Turohi, 19741 PogorlataJai* 197?! KIOOBOVBICU* 

1971 and 1972| Stayanova tl al«« 1971 and 1975t Sootharaa ji iL*, 

1977| 'iak and Zinaar* 1974| Stoyanora and iTanova, 1975t 

Bonnit ti A.«t 1978| Skaria, 1977t Tratario and Krianania, 1978| 
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f̂ raak, 19791 RoaeriUl«ni and B«I«t«kU, 1979 )• Za th« 

pvmt stiaAjr only on* hylirid (284 z B0«68415) rMord«d slfBifi* 

••at pMiltiY* lMt«ro^l« (4*11 p«r ••ni) •••r h9&% p^iwit. 

fdrty Biat out of 66 liybrids sKowod positlT* h«t«ro8i8 upto 

22«81 per ••nl oror nid-p«3r«nt«l T«1IM« indiofttiag %h9 pr«* 

domlziasioe of non-additlTO gon* aotion la tho ooatrol «f this 

oharaot«r, Booidos 26 bybrldo oaihibitod pooitlTO hotosrosis 

vfr hX^h&r pMTontftl Talasa upto 18«84 p«r o«at« Koaoo oT«r> 

doainan^o goa« astloa •lao eannot be rolod out* fho llaoo 

272 and 289 p«rfora*d v«ll with al l tlii thr«o tootoro* Xoraoik 

and Skalottd (1978) and Turehl (1974) did not otmrf hotoroaia 

for oil ooatont in tho harbrido« 

for oil yiold p«r plaat aono of tho 66 hybrida ohowod 

hotoroaia OTor boot paront* Otaly •»• hybrid (276 x Hardan) 

ahovod •iipy.fioaat pooitiTa hotoroaia (4*82 par ooat) oror 

highor parant* Sixtaan out of 66 hsrbrida ahowad aigaifioaat 

poaitiTa hotoroaia ovor old-porontal valuoo upto 40*80 por ooat 

•iiffostiac that noa«-additivo gono aotioa ia operating ia th«M 

•roaaoa far oil jriold* Tho liaoo 263« 272, 298 ia eoabiaation 

vith Hardaa and £0,68415 ahovod ai^^fioant hatoroaio oror 

•id^parontal volaoa* Hotoroaia for oil yiold mm roportod 

by Tttlpo (1967)* Oundoav (1966, 1968a), Piagorlotokii (1974)» 

SoBionohttk f i AL« (1974) and Oorbaehaoko (1979)* 



85 

Aa«ng th« fMAUs* fiBr thi eharaot«r days tmkm to 

50 p«r e«xit flmmviag^ tht lint 286 vhioli W M ••rU««t la 

fXovcrinir and th« lint 292 iiAiioh flowered laUr M M B C th« 

f«Kl« Xl&M i»«t«d shoiwd high f M •fXMt«« whiU th« lint 

277 wliloli m a iattrswdiaU ihovtd 9i«nifiemt JMgatlT* •ttmU, 

With rtapMt to plant hslghtt tte llM 256 (tallMt) has 

•IgBiflaaiit atfatlT* f M affeet aoaparad to tha lina 275 (amct 

tallaat) vhioh had ilii^t poaitlTt effaot, ^iharaaa tha llnaa 

260 and 276 (dwarfs) itovad nagatlva and ai«alfloaat paaitlTa 

affaota raapaatlTaly* Iha liaa 272* dimrfaat aaong all faaala 

linaa showad alight poaitiva affaot* 

fha lina 275 lAiiah had thiakar atan aaong tha linaa 

had vaxy low foa affaat« Xdna 256 (aaxt baat) ahawad alight 

aagatiTa affaat* wtiila tha liaa 286 though ita ^SBL ML 

parf oraaaaa vaa law had highar gaa •tt99\» 

Aa ragarda eapitulia diaaatar tha Una 275 had highar 

aaan diaaatar hut it had alight poaitiTa gaa affeot. liaa 298 

hanriag laaat aaan diaaatar alao had low paaitlra affaat. liit 

tha lina 263 had aligbtly lew aaan diaaetor with hi|^ gaa 

affaat* Unea 286, 272, 265 and 292 though hava araraga 

diaaatar hava high gaa affaata* 



86 

Thooch tlM lixM 275 W M ill* top jUlAt vlth higbsat 

yi«ld p«r plant asone all thi lima, had nagativt goa affaot. 

But tha lint 284 Caazt baat) haa fot hlfh poaltiva affaat. 

Idna 272 (poor ylaldiar) had aagativa affaat. Idnaa 263, 276, 

290, 269A and 266 hava got high gaa affaata with araraga fit£ tt 

parforaanoa* 

With raapaot to Tolnaa vaii^t, U n a 275 poaaaaaad hlghar 

M a n Toluiaa valght bat ahovad nagativa affaat vhlla 277 and 284 

(aaxt haat Xlnaa) ahowad highar gea affaata, fha Xlaaa 256, 

290 and 296 alao ahowad hlghar goa affaota artnthough thay had 

avaraga •oXuoa valght* 

Aa ragarda taat valght, tha Ilaa 289 parforaad wall 

both in ajBn It parforaanoa and gaa %tt90%» 2daaa 269A and 290A 

haTa avaraga taat valght but ahowad high affaat* Iha liaa 

296 with laaat taat waight ahowad low affaat* 

tha llna 294 haa gat hlghaat hull aontant but ahowad 

Aiiht aagativa affaat* Unaa 266 aad 270, thaugh had a lightly 

highar hull aontant alao ahovad hli^r gea affaata* tha Una 

275 had lovaat hall aontont and alao negativa affaat* 

tha Una 284 vhiah had hii^aat ail aontant alao had 

high gaa affaat for thia aharaotar* tha U n a 272 with law 

oil awitant lAiowad nagatlva affaat. 
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7h« llxM 275 was good in î sc ft porfermanoo Hut %hM 

lino 276 vaa good ooablnor for oil ylold por pint* Iho lino 

272 had low J2|£ it porforaaaoo and also had nogatlTO offoot. 

Asong aaloa SC,66415 was a good parforaar la 7 out tf 

10 oharaotoro otudlod* Htrdan vaa good In aic ift porforaanoo 

In roq>oat of daja takan to flowarlng wharoaa Oanopool vaa 

food In jttS It porforaanoo for -roliao valght and oil oontont* 

£0«68415 haA high goa offooto tor all tho oharaotora oxeoptlag 

•oltwo valght and hull oontant* Mordon had high gaa affoet 

for hull oontont bat ahovod algnlfloant aogatlTO offooto for 

daya to 50 por oont flavoring, plant holght» atoa girth* 

oapltttlua dlaaotor, plant ylald, toat volght» oil oontont and 

oil ylold por plant* Oonepool ahovod high offoeta for plant 

holgfat* daya to 50 par oant flavoring* oil eontant but ahovod 

algnlfloant nogatlTO of foot for hall oontont* 

Ohaly a So^ hybrlda ohovod algnlfloant oaa ottootm tor 

tha oharaotora atudlod. Îha hybrlda 264 z Merdoa, 276 x Hordaa, 

289 X £0«€6415 and 260 x Cenopool voro bottor In parformanoa 

far aarly flovorlng and alao found to bo tha good apoolflo 

ooAblnatlona* The boat ooablnatlona tor tallaaaa voro tha 

oroaaoe of 275 and 269 with Hordm, 278, 276, 266 vlth £0.68415 

and 298, 296, 290 and 289 vlth Oaaapool, vhllo fbr dvarfhaaa 

tha harbrlda 298 x Mordon, 275 x E0.68415, 289 x £C,68415, 
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266 X a«iMpool m d 269 x O«i«pool showed sigoifiaant •ff«oto. 

fh«r« W W gr««t Tariation for plant haight aaang oroasaa* 

Tha tajtoida 265A x I0.68419* 266 x S0.6a415» 290 x Ganapoal 

and 296 X Oanapool hava partormad wall with raapaot to ataa 

girth and aXaa ahovad high aa« affaata. (kilj ona hybrid 

•296 X Oanapool - ahowad jftignifioant aaa affaot for o^pitolia 

diaaa^ar with tmirlj high aaan diaaatar. for plant yiold 

tho ooahinationa of 263 and 263A with B0,68415 ahowad high 

aaa effeota with high aaan performanoa* Alao tha hybrida 

•is,, 277t 278, 296 with Oanapool and 276, 289, 290, 269 with 

MordMi had good aaa affaeta* 

The oombinationa of 290, 256, 26*^ and 277 with 

SO •68415 hava got high aoan Toluaa waight and alao had good 

aaa affaota. Tho hybrida 275 x Oanapool, and 265t 294, 289, 

276 in oombimtion with Mordon and 260, 298 with Oonopool alao 

had high aaa affaot with araraga aaan parforaaaoo for T^iiaa 

woight. for toat waight, 265 x BO.68415 haS highaat taat 

waight aaong tho hybrida and alao higlioat aoa off oat. tha 

hybrida 276 x Hordon and 278 x Oanapoo). alao had good aaa 

affaot for toat waight* With rogard to hull oont«it, 

284 X MordMk, 276 x Hordm and 275 x £0.68415 had high nagativa 

aaa affaota and alao low hall oontont. Tho hybrida 

289 X Mordan, 284 x FX3.68415 and 277 x Oanapool havo got high 
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••«n porforaanoe for oil oontwit and also high ooft offoota 

for ihl« oharaotor, Iho hartoldt 265A x IC.68415 aaA 

265 X S0.68415 havt glTvn high oil ylold por plant and alao 

h«i high M a offoot A>r this oharaetor. In aOAltlon to thoso 

hybrids, 277 x Qonopool and 289, 294t 276 In soahlnatlon vlth 

Mordsn and 278, 296 vlth Gsnopool haTO glvsn sodorato oil ylold 

por plant vlth high soa offoots* 

2n tho prossnt studj ths throo tostors osod vors wsll 

ostahllshod varistlos %flth broad gonetlo hass. thoss yarlotlos 

haro boon undsr eontlnuous Intonaivo solootion to aalntaln thslr 

porforaanoo%oth ylold and oil produotlvl^ at a high lorsl* 

Infaot In thoso populatlWM, tho gonotlo basis of thtir high 

arorago porferoanoo has boon das to osploltatlon of hotorosls 

using tho addltlTo gonotlo ooi^pooont* Iho oztwtit of hotorosls 

obsorrod In tho top oross h/brlds In ths prossnt study partl> 

oularly for yiold was not of Tory high ordor* <3tos sf ths 

roasons for this Is that ths gonotlo boekground of tho pollon 

IsTolTod In tho pollination is not vilfoxa in T I S V of ths 

highly hotorogonKus naturo of tho tostor paront* liturally 

sash plant in th^ top oross hybrid is gonetyploally and phono-

typlsally dlffsront whloh is not ths ssss in tho slngls sross 

hybrid. Oils hotorogon^ty naturally brings down tho oztont 

tho hotorosls ostprossod for Tsrious oharaotors* 
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Further in th« pr«0«nt study th» B I S §§, p«rfarmaii»« 

of lka»B was not r«Xat«d to tlMlr fia atfaeta or thalr 

parfonafiaea JLn aoablaation with tartars* 8a bath junt it 

parforaaaoa and goa affaata af tha liaaa ^oold ha takan into 

oonaidaratlon idiila aalaeting tha liaaa fbr ftttara vam* 

Siailar ohaarTations haya baan aada Iqr Ihthak and BnUcaah laaar 

(1975) in eottoa. 

Xdaa 277 vaa a goad aaahinar tvt aarly fle«rari«g vhiXa 

liaa 286 waa a good oomhi»»r for lata flovariag« oapitalvi 

diaaatar and tallneaa* and tha lino 269 far dvarfnaaa* Unaa 

276 and 272 ynv food oomhinoK for thiok ataft and 265 vaa gaad 

ooahiaar for plant jriold and 290 fOr Tolaaa vaight* Uaaa 

265A and 290A ymr* found to ba gaod ooabinora fOr taat vaight 

and tha lima 298* 284 and 276 war* good ooabinora for lav hall 

oontentt high oil oontant and high oil yiald par plant 

raapaetiTaly* 

Tha linaa 275f 284» 276, 289, 263A and 256 hara ahawad 

highar juuc lA parformanoo fOr all tha aharaatara atudiad* 

Baaidaa tha linaa partiaularly 284, 276, 289 and 265A alao had 

good goa affaata for important yiold oontributing oharaatara 

lika plant /iald, taat vaight, haad diaaatar, voluaa vaight, 

ail aantant and oil yiald* Sa thaaa linaa aould bo utiliaod 

furthar in breading in tha doralopaant of hybrida aad/ar 

oynthatiaa* 
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c. 

fhi MtiiaatM of TarlanBM dot to dOA (goaoral ooablnlag 

•billty) and SGA (apoelfio eoabining abllitj) rovoaXod that tho 

both additlTO and aon-addltlTO gtno aotlon play an iaportant 

rolo in tho oontrol of oharaotoro studied. 

latura of gana aotlon was praalnontly non-addltlTO for 

•OTon out of ton oharaotoro otudlod nanaly, otoa girth* plant 

yiold, volumo volght* toot volght* hall oontont* oil oontont 

and oil yiold por plant* Whoroas in tho raaaining threo 

oharaotoro TiB«» number of dayo taicon to 50 por oont flowering, 

plant height and oapitulum diaaotor tho additive gone aotiea 

vaa found to be iaportant* 

The ratio betveen Tarianoo due to OOA and 80A Tariei 

froB ohaxvetor to oharaotor. The difforoooo wao ainimiai in 

the oharaotor oi^pitulua diaootor and oaxiinim in •olttoo weight* 

Different roaolto hare been reported in tho literature 

on the nature of gene aotlon in the oontrol of variouo 

oharaotoro in ounflower* Settj and Baoadoo Singh (1977) 

obaerred non-additlTO gene aotlon ie moof predwilnont for 

d«yo to flowering, oapitulum diameter, aeed filling, oeed yield 

Kid hall oontont, tdiilo additiro gene aetion for 73 per eeat 
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nturiiy and plant tMifht. KavMik maA SkslonA (1972) 

r«port«d aon«additlT« f«ii« aotion was preoinvit for tejs to 

floifaring, plant taalchtt 9Um girth, oapitolaa diaaatar, 

iroltuM walght and taat walght vharaas addlti^a gana aetlon for 

plant yiald, hull ooatant and oil aontant* Ptitt (1966) 

rapartad pradoainant rela of additiva gana aatlan for dagra to 

aaturlty buahal valght and oil oontant, vhila Monjunath (1978) 

raportad non-additiTa gana aotion for dagra to flowaringt atas 

girth and 100 aaod woightt hut additiva gana aotion for plant 

haightf hoad diaoatar and plant yiald* 

fliidhalrir (1978) raportod prodoain&nt rola of non-additiYo 

gana aotion for aoodling haight, plant hoight* day a to floworing, 

ataa girth, hoad diaaatar, dagra to 75 par oont maturity, nuahar 

of flUod aaada, Toluoa waight and taat vaight, vharaaa additi^a 

gana aotion for ntiiahar of loavaa, plant yiald, hull oontant and 

oil oontant* 



SUMMARY 



TX. SUI«1ABT 

flM pr999a% wivOj wu •nrimfvd to &••••• th« taroedlng 

••ltt« of 22 inln^d liaoo of ooaf Xovor tor ttaoir tttUltr in tho 

doTolopatnt of Iqrtoido and ^yathoiloo* fho Intoodo oood i& 

•tiadj voro Y U . , 256, 260, 26*5, 263A, 266, 269, 270, 272, 273» 

276, 277, 278, 284, 286, 288, 289, 290, 29(H, 292, 294, 296 

•nd 298« Ttmj vtro oroeaed with throo opon polllaatod Tariotiea 

• i s* , Mord«i, BO.6841$ and Genapool vhloh voro uaod ao tootora. 

Tho rooaltiiig 66 iatood x varlo^ tasftoida vara atadlad for tlio 

awrant of hoteroala for 10 oharaatara aasalj, daya takan to 

50 par oont flovorlag, plant lioi«|it, atas clrth, oapitulaB 

diaoatar, plant 7iald, TOIUSO weight, toat voig^t, hull oontant, 

oi l oontottt and oi l yiold por plant and aatiaation of gmmwtX 

oonbininff ability of foaaloa and aAlaa baaidaa tha atady natura 

of ffona aotion in tho oontrol of thoaa oharaotora* Tho 

inportant findinga varai 

1, AMM 22 intarad liaaa, 275, 264, 276, 289, 263A 

and 256 hava ahowod hiflMir fits at porfornanoa for 

al l tho oharaotora attadiad, toaaidoa thay alao had 

caod coa offoota for aany yiald acntributinc 

oharaotora* So thaao linoo ootald bo utiliaod 

far tho dovalopaant of oysthotioa or hybrida. 
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2* Oonslderabl* hftteroais vas obaarved 0T«r 

Bid-parwntal Tsluaa tvr til tha oharaotara 

studied in dlft«r«nt top oroasaa* H«T«rth«l«»a 

hetarosis oyr higher azid best parents was 

observed only in a few srosses for asst of ths 

sbarseters exoepting eapitulua diameter and 

plant yield* 

3* 'or plant yield, the extent of heterosis observed 

ever aid-parental values raagsd firoa 0*44 to 

43*58 per osntt for oil oontent froa 0*01 to 

22*81 per oent and for oil yield per plant 

from 2*66 to 40*80 per oent in different top 

4* %brids having highsr aagaitiids of desirabls 

heterosis also had oonaiderable aean perfornanoe 

with respoot to other oharaoters saoepting plant 

hsii^t and hull oontent* 

5, Heterosis in sssd yisld was sxpressed through 

heterosis in yisld ooaponents like stsa girth* 

oapitiAua diaastsr, voluns vsii^t and test 

Height* 
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6* Hon-additlTt f«M Mtion W M mor% laportant 

for tOTwa oul of ton eiiaraotoro otuAlod TXs*t 

•tOB clHht pUnt ylold, TOIIMO ifoifiit« toot 

volfbtt hull oontentt oil oontont and oil /ioXd 

por pXaat vhoro oo adiitiro cono aotlon voo 

iaportant for doye to 50 por ooat flovoring, 

plant hoight and oapitaloBi dlaaotor* 

7* Moan porforaonoo of tlit orooaoa had not 

oorroopondod with tho ntc M. porferaanoo of tho 

paronta but voll rolatod with tho foa offooto 

of tholr paronta • 8o tho oroaooo involwing 

tho paronta with good foa offeota ylaldod 

aaporior hgrteida* Thxm tho porforaanoo of tho 

oroao oottid ho prodiotod on tho baala of goa 

offooto of pvonto inroXvod* 
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li«taraaia). ô n̂ tikm^ |2(8)tU20*U26, 

KtiaaaX,w«A«, X953» A atady af int«r-«aXati«nahlpa af aaad 
yiaXdt oiX aont«it and athar acronaaia abaraatara 
with aitaf Xovar inlnrad Xinaa and tliair tap ar<aaaa» 
SlBllit«i*M3llft»Sftl*ff St29X<»n4« 

*Saarte]c«8«2l,, X966, (Charaatariatiaa oJbaarrad in tha intar* 
•ariataX liyteldiaatioa af aimfXawwr)* jaB-TMTflnffil-
SdJkfliuai«2&ii«f 22tx6vx8?« 

*8ahttXsatJ«« X960t (faating tha eonhiniag ahiXitar af inhrad Xinaa 
af aoifXaifar. (MiindyttUI nnn*t* I**) aj naana af tap 
araaa nathad). £*JBCliaUBUL*t ^tX55-X56* 
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*Sshu8ttr9W«« ].964t (Xatar«#dine aai n^UantmUt in mmfUmr 

S««th«r«itA. mm XnauaMi Kttaarl«F*, 1975» ZaAnoUoa of M].« 

19779 HrflBrmano* of hgrlnrHs tf •uRflowtrs mAv»9& 

fffî rmiiliT 2(l)t9l*99* 

S««tiuonni»A«9 1980, %%rid •iinflo%Nir«* JaAXttk Ĥ̂ ff̂ yf- Zi^X2*l5m 

S««t)tiara%A,. 1961t Simnoimr ottlUT»tioa« laiiiA ffflm f̂̂ T 

*S«ai«90huIC|J9, S«Bii«naltttlc«P«, Kiter»f* md firiaitO*t 1974$ 
C9«klato»ĉ «104 * an î «i«atUM iiylbria •uofloimp)* fiisLdA 
4f3Eaassifli AiiUlMetBilft ^runttiWr Ui99*i07* 

3«tt3rt^^*'* fooA BAaudM Sinch, 1977* Un* x t««t«r aiial7«i« of 
ooaHiwing abilitar ia •unfloiior* ^tMRfmr £*llA*t 
g ( l ) i»^6« 

SliAakaro OoiiiafB«f«, 1970, Hot«rooi« and USMI X toator flonlyala 
of ooaibiaiiic abUitj in aaloatad H U M of ^fltglllfi 
in^^*^ Btra, M*3eCAfri) ^laala lio«74t ^vA.S., 
MmjSm (ynpubliahM). 

tiiafBB.,P«, f«iden,4l«y* and aatpa,J«M,, 1967, ^foat of toat«r 
on aoBbiaing abUitgr aatimataa of aaisa gonaplaaa 
•aaplaxaa* BataSAa^*^ |§t570»37$« 

*Sliiirairl]ia,Xi»0„ 1969, (Biologloal aboraatoriatioa of intor-
variatAl aad vario^ x lino hgrlsrida of ounflovior in 
tho lat gonoratlwa ia tho ootirao of ripaiiiii<)« SUUDI* 

t 
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to th» djfziflualtfs of MTbeliydrat** ana oil la —^ of 

*aiiiraTiiift,I^O«« 1972ff (HM iantiMiM •f iBt«r-wl9tol ma/i 
Tari«t7 X Unt oroMlng on iho ohMdeal soaposltloa 
•f f lmt c«MnU«ii •uaflovtir aMte). tojlUa 1 
Stltidlil** U<l)tl68-X76. 

SiitAaglfS.S,, I972» Oosliiiilag ftbiUty cf • • • • SlftUma ItTffillHTI** ^'* 

Sindagi^S^S., lBlkMnni|R«S, maBL SMtbaram^A,. I979f Uam s t«at«r 
Aaujiis of tho ooa^iniac oMlitar in auaflovors 

Slagti^H,, Iad«T,¥.?, and Yaiav«A«C«9 1976], Hatoroala la lator* 
•arlaiaX aroaaaa of anafiawar (nalianthiM aoBull «̂ )• 
SCUL IttOflaEflUnit 2^1)t84*85* 

8ieorl««S»« 1977» I^^duotloa of oooaimiao vaXiioa of aaw S8 auaflowar 

SpvafitatO*'* MA l!atw«I*A«« 1942t 9aa«ral rm apoalflo aoaVlalac 
alilUty la alaffla avaaaoa af •^xm* i*|itC*lfli.«ik«ieBa*» 
2|t925-932« 

*8%a7aBaiva«X*, Zvwiova.P. md 6aMMl«T»X«9 197It (Zidiarltaasa ^t 
Bmf aliaraatara la tha 1» )• ganatilea X MildCtliIl*t 

^StayanoTat Z« aaA IvanoTatP.!*, 1975t <tiia lahoaritaaaa of all moA 
fvatalB aontant in amflavar la ttaa f t ) . In t in l i r 

*8tajanoira«I«« •alkov»T« aaA XTanorstV,, X979t (̂ âataraa aai 
yvabXaaa of hatavoaia la auaflawav)* frwl llilfllrlffillin 

8«Ahalcar»S«t 1979t Hataroala aad aoabiaia^ atolUty atuAlaa la 
auaflovar (IllltBlbM flBBlUMl ̂ v'* K,aavAfrl) Thaaia 
]lo«6X5t 9»A«s«, Iwcalara (Tn^ubllshad). 
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8iiA!Ml»r»B, «ia 8««tharaB,A«, 1980, StiiiiM on VM p9ttwmua9 
of top eroas Iqrbrldo ia omfloimr* ^MiaflWir 

*Turohl,r«» 1974, (Oroviac •unflovora for oil ia Knya). Sizllift* 
Ai ^jTlflgltyra gfttMinpitilt t taadaaXst** ^1285-292. 

*Tol]wv, ••!(•# 1970, (lahoritanoo of otou hoigbt la ounflowor)* 
?tTMItlln i-Salafcai^o,. 2l59V401* 

^iooatiai,0*, 1971. (Tho lotoot rooulto ia Roaaaioa ottaflowor 
broo4iac)« SlUBii.tltlkt.» U*^*^^* 

*Tol*7t7*0», 1969f (Hoterooio ia ilii ounflovor aad tho ueo of 
•TtoplanUA otorility) f̂ roa fttftratiTaj l̂ ^biXaiiL 

*Tol*fffT*0« aai ^NnMliovo,Î ?*» 1972, (HotMrooio ia ounflovor). 
jftottaiia 12niB8zaailzft«Sitft«ittauDUl*linl«B^^ 
2||.» 22164-70, 

*Teokoteiaik,Zi,I, aai Sold«tov,K,Z«, 1975t (Rooulta of otudioo 
on luroodiag for hotoroaio ia ouafloifor). Ixiil* 
rilfflfftTT*'*if̂ lHn" *'^^"^' no^aoallah* Iiiltmfma. j^tVS* 

*Tookoboiaik,L«I*, 1977* (ftroodiac oitafloirtr for iMtorooio ia 
Stti«aru), Jnii-iffTf tit m i l till Wlinif I>u*i7« 

*Toolcoboiail£,L.K«t 1978ff (Kooalto and proapoota of hotoroaia 
toaodiac ia auafloiMr), ^tUlrttijn 1 MMBfiXSAllZftt 
§114^17* 

*Traaeaaaa,V«, 1967, (Studioa of aathoAa of obtaiaing hotoroaia 
ia auafloifor)* n̂ InM% -fftlTMl - ̂ Mrtil - ̂  - IHh- FlMtffiltl' 
Snu£«t 22I301.310, 

*Traaooaatt,V», 1973* (Aohiovomonto andi proapoota ia aunflowor 
tMrOOAiac). a u l i ^ t l a | | t J , * A^Mi^Vi dlA qf<»niMi« 

*Vranaaawtt,V, aad 3tooaoaal^F«, 1969» (Suafloifor aiagla tayteiAa 
a produation proapoat for aoar fatura)* lcglL»4lCi&« 
Buoiigaati>, g^ClO}l21-22, 
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^Irmm—xmtJ^t 8t0iii»Mii«f«, fittwMEiovMhlyT*^ Ultt«Ti«it8*t 
ilMciitl,!* ana Si«l«ipaa«Y,, 1973, (Stiidj •£ MBflevw 

*Tm«o«a]itt«T,, 1975* (TlMoritioal aaA praotioal yroblMHi la tlit 
UM of lMt«rMi« in •uQfltwtr). &tpi«ttUiak:;ltklBI* 

*Tai>i»««iiii»T« and StrMMMu l̂'.M,, 1976, (MllA«ir rtsistanoo • atv 
•linraMUris'lted of ooaflowor liarbrlAo). Aa iBai*fittlA* 

*?nBioo«xm,T, mA Sto«BO«Ott,y«M*, 1979» CSq^rooolea of hot«rool« 
in oincl** tliroo*iMy VBA tfoablo oimflowor taifbrlte)* 

Fuadttloa. 44t29*1ir 

•T|«UviO,M, sad KrUaaaiOfM,, 1978. SlbSOUJI SftftflEZa fttllaariwdnag 
iBli«i2Uii)b J|(X}tX13«X26. 

*Tiapo,T«7,, 19679 (StiiAy of OOBO ouafloifor IqrtolAo prodttooA 
ttunvfii Milo otorlUtT oal fortuity roatoratlon)* 
Aii«iBai«iiaafc»gMattl^£L>twhn*y«ndBlta»3ig»iu> 
14I591-599, 

*Ttapo,7.7*9 19779 (®XP«riaoiitoX vooulto oa tarooAlac ounfloiror 
Hytê lAo). Att>iB|i»At gtltJUgJ JtelPi fimMUJI i t £L* 

*Iittha»»kli»7.7„ 1978, (Tho ooXtotioa of povonUl polro ia 
tooodiac ouaflovor for liotoreoio for yiold)* lutll*iC* 

*0»ifiaoX aot 
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