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I NTRODUCT ION 

Sunf l ower , a member of the Compos i tae , b e  1 ongs to the gen us  

He 1 i anthu s , a word deri ved from the G reek "He 1 i os .. mean i ng sun  and 

"anthus" which means fl ower ( 2 ) .  Th i s  i s  because  of  the characteri st i c 

turn i ng of the pl ant head towards the s un dur i ng day- l i ght . 

Sixty-five  out of 1 00 known s peci es of H e l i a nthus are nati ve to 

North and South America ( 2 ) . Al though  the ear l y 1 i tera ture men tioned 

Peru as the p l ace of orig i n , modern autho r i ti es bel i eve that su nfl owe r 

i s  nati ve to North Ameri ca , proba bl y southwest U S . Archaeo l og i ca l 

expl orati on s  have found ev i dence of s u nfl ower cu l t i vat i o n  at many s i tes 

i n  Ar i zona  and New Mexi co as earl y as 3000 B . C .  ( 2 ) .  

The U SS R  i s  the worl d l eader i n  p roduct i on  of s unfl ower seeds 

harvesti ng a bout 4 to 4 . 5  mi l l i on hectares per yea r wi th producti on 

rema i n i ng fa i r l y  s tab l e s i nce 1960 . The U S  and Argent i na ran k seco nd 

and thi rd havi ng p l anted about 1 . 6  and 1 . 3 m i l l i o n  hecta res  duri ng 198 1  

respecti vel y .  Spai n ,  Ch i na , Roman i a ,  B u l gari a ,  Austra l i a ,  and Canada 

fol l ow i n  i mportance . The total amount of l and  devoted to s u nf l ower 

producti on  i n  the wor l d i ncreased from 8 . 4 mi l l i on hectares i n  the 

1960's to more than 1 1 . 6  mi l l i on i n  1 981 ( 3 6 ) . 

Sunf l ower became a commerc i a l crop· i n  the US  duri ng the l ate 

1960's . Product i on duri ng the 1 970's i ncreased from a few thousand to 

2 . 1 metri c tons  due to the establ i s hment of markets i n  Eu rope and also 

the devel opment of hybri ds , wh i ch were h i g her  i n  y i e l d and o i l  conten t 

( 35 ) . S unfl ower i s  commerc i a l l y  i mpo rtant because  i t  p roduces more o i l 

per u n i t l and  than any other crop i n  many a reas . .  The seed conta i ns 40% · 

of h i gh qua l ity oi l on a dry wei ght bas i s ,  wh i ch  i s  free of toxi c 
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consti tuents . The c rude mea 1 obta i ned after remova 1 of the oi 1 has a 

prote i n content of 38-40% , mak i ng i t  a va l uabl e p rote i n s uppl ement for 

pou l try , s heep , swi ne , and cattl e .  The  h u l l s  and heads whi ch rema i n  

after the s eed i s  removed can be proces sed to y i e l d pecti n  ( 2) .  

Some l arge s eed i s  u sed whole and roas ted s eed much l i ke 

peanuts , whereas some seed is dehu l l ed and t he kerne 1 s so 1 d as  con 

fecti·onary "n uts" . Sma l l er whol e seed i s  u sed i n  rat i ons  for pet b i rds 

and sma l l an i ma l s ,  a.s wel l as i n  home feeders for wil d  b i rd s (26) . 

Al tho ug h  sunfl ower has gained i mportance as  an  o i l s eed crop , 

g eneti c i nfonnat i on is sti l l l ack i ng o n  many a s pects of the p l ant . 

Breed i ng prog rams s hou l d be based on s ound g enet i c pri nci ples . Est i 

mates of geneti c vari abi l i ty" and heri tab i l i ty ,  typ e  o f  gene act ion , and 

the number  of genes as soc i ated wi th a tra i t  p rov i de u s eful  guidel i nes to 

determi ne the val ue of source populations  and appropri ate procedu res to 

u se  i n  a breedi ng p rogram . 

Genet i c var i ati on of characters as soc i  a ted wi th  pl ant g rowth· , 

morpho l og i cal or  phys i o l og i cal d i fferences may s erve as  a bas i s for 

devel opment of i nbred l i nes and hybri ds wi th i mproved ag ronomi c tra i ts . 

Vari abi l i ty of traits such  as p l ant heig ht , f l owe ring , and maturi ty can 

be parti cu l a r l y  us eful because i t  a l l ows for devel opment of types 

adapted to an a rray of envi ronmen ts and agronomi c reg i ons . 

P l ant he i g ht i s  an i mportant characteri st i c  i n  sunfl owe r 

p rod ucti on . Yi elds of ta l l hybri ds can be  reduced due to l odg i ng .  

Lodg i ng a s  h i g h  as 80% wa s observed i -n a tes t  o f  5 6  hybri ds p l anted at 

Whi te , South Dakota , i n  1983 ( 1 5 ) , emp ha s i z i ng t he i mportance of short 

hybri ds . Ea r ly  hybrids can a l so overcome yi e l d l os ses caused by 
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fl oweri ng duri ng hot dry weat her and earl y fro s t .  V a ri at i o n  among other 

tra i ts; s uch  as  l eaf number and i nternode l ength , s eems to have l es s  

apparent va l ue . However these tra i ts may be  correl a ted wi t h  those o f  

more d i rect economi c i mportance . 

Th i s  research was conducted to s tudy the mode of i nheri tan ce of 

pl ant he i ght , leaf number , i nternode l ength , f l oweri ng , and the i r 

rel ation sh i p i n  cros ses of two s ho rt i nbred l i ne s  of  s un fl ower sel ected 

from PI 386323 and PI 386316 wi th a n umber of i nb red l ines commonly  used 

i n  producti on  of sunfl ower hybri ds . 
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REVIEW OF L ITERATURE 

Inheri tance of pl ant characteri st i cs  l i ke p l ant he ig ht ,  days to 

fl oweri ng , number of l eaves , and i nternode l ength have been extens i vely  

studi ed i n  a number of crop species . However , wi th  s unfl ower be i ng 

rel ativel y a new crop i n  terms of geneti c researc h , deta i l ed information 

regardi ng the i nheri tance of many aspects of
· 

the  p l a n t  is s ti l l  l acki ng . 

Both mul t i gene and singl e  gene control of rather l a rge differ

ences i n  p l ant  hei ght  have been reported i n  the 1 i terature . Gundaev 

( 12) reported a range of 0 . 5  to 4 m for p l ant  h eight in s unfl owe r . 

Types up  to 12 m i n  height have been repo rted by Cockre 1 1  ( 6) . Un rau 

(37) , i n  a · s tu dy of s i ngl e crosses  from fou r  i nbred 1 ines from 

'Mennon i te' , two Rus s i an l ines and the vari ety ' Sunr i se' ,  observed that 

c ros s i ng p l ants  of d i fferent hei ghts u s ua l l y  p roduced F1 p l ants 

exceedi ng t he tal l es t  parent . Heteros i s  for pl ant hei ght  and bl oomi ng 

time wa s al so  ev i .dent i n  a di a l l el study ,  i nc l uding l i nes CM 5 ,  cr� 49 , 

CM 121 , CM 1 1 9 , CM 5 3 , CM 54 , CM 91 , CM 30 , CM 85  and  5-37 -388 conducted 

by Putt (27) . 

Stoyanova , I vanov and Georg i ev {34 ) s tud i ed pl ant  height i n  140 

F1  hybri ds  deve 1 oped from 192 i nbred 1 i nes . Hetero s i s averaged 27% in 

the F1 hybri d s for p 1 ant he i ght . I n  another s tu dy wi th s even inbred 

l i nes , Vel kov ( 38) reported strong heteros i s  for p l ant  hei ght  in the Fl 

ma i n l y  due to dominant genes . Cl ement and D i eh l ( 5) stud i ed a cross  

between dwarf s unfl ower and ' B-65-40' , a tal l vari ety and  observed 

s eg regat i on i n  F2 , wh i ch s uggested that ta l l nes s i s  domi nant over 

sho rtness  and contro l l ed by many genes . Fi c k  ( 10) observed that l i nes 

di fferi· ng i n  l eaf number and p l ant he i g ht s howed l a rgel y a conti nuo us 
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d i stri bution i n  the F2 genera ti on , s ugges ti ng quant i tati ve i nheri tance 

of these tra i ts .  

Sing l e  gene contro l  of p l ant he i g ht has  a l so  been reported by 

Rod i n  ( 30 ,31 ) , Enn s  ( 9 ) , and Fi ck  (1 0) . Rod i n  ( 30) o bs erved F1s  i nter

med i ate i n  he i g ht from crosses between  s hort  and ta l l  var i eti es . The F2 

s eg regati on res u l ted i n  ta l l , i n termedi ate and  s hort p l ants i n  a 1 : 2 : 1  

rat i o . The i ntermedi ate pl ants conti nued to s eg regate i n to three groups 

i n  the F3 , s uggest i ng s hortnes s was contro l l ed by a s i ng l e gene wi th 

i ncompl ete domi nance . Add i t i onal s tudi es of Rod i n  ( 31) s howed that some 

of the ta l l  hybri d p l ants d i d  not s eg regate i n  s ubseque n t  generati ons . 

The s hort plants e i ther segregated for he i g ht o r  were stabl e .  -Th i s 

l ater g roup d i ffered from the others i n  hav i ng dark  g reen rugose  l eaves . 

Enns  ( 9) found  that dwarf character of the i nbred .l i ne 77AB was 

control l ed by s i ng l e recess i ve gene . A s imi l a r res u l t has been  observed 

by Fi c k  ( 10 ) , in a cros s  of RHA 2 73 and a l i ne  i so l ated f rom the Romani a 

hyb ri d H 590 . 

Unrau ( 37 ) , i n  h i s study of Fl  hybri d s  devel o ped from l i nes wi th 

d i fferent fl oweri ng t ime , observed that a l l Fl  hybri d s  were earl i er than 

the i r parents  wi th the excepti on of c rosses i nvol v i ng ' Sa ratov• , an 

extremel y  ear l y  l i ne ,  wh i ch produced hybr i ds i ntermed i ate i n  fl owe r .  

Thi s suggested domi nance and parti a l  domi nance for ear ly  fl oweri ng ove r 

l ate f l oweri ng . Putt (26 ) , i n  h i s  di a l l el s tudy of  10  l i nes  a l so. 

obs erved heteros i s  fo r b l oomi ng t ime . Fi ck  (10) i sol ated an  i nbred l i ne 

from the cul t i va r  'Vo l ar' ,  wh i ch s howed a rece s s i ve gene contro l l i ng 

early  f l oweri ng . 
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Rao _and S i ngh  (28 ) , i n  a di al l e l cros s of s even i nbred l i nes , 

i nc l  udi ng CM 303 , CM 312 , C�1 319 , CM 358 , CM 360 , CM 392 and CM 400 

o bs erved a s i gn i  fi cant domi nant component for days to 75% fl oweri ng . 

Manj unath and Gaud ( 18 ) studi ed 2 5  crosses among ten Canadi an i nbred 

l i nes v i z; CM 303 , CM 324 , CM 378 , CM 3 79 , CM 384 , CM 391 , CM 392 , 

CM 408 , CM 409 and CM 69-2 , thei r F1s  i nc l udi ng rec i procal s ,  F2s , 81  and 

82 generati ons . They observed epi stati c effects for n umber of days to 

f l ower i ng .  

Mi l l e r , Hammond and Roath (22 ) and Rao and S i ngh  ( 28} obs erved 

s i gn i f i cant  addi ti ve geneti c var i ance for p l ant he i ght i n  sunfl ower . 

Vel kov (38 )  s tud i ed i nheri tance of stem hei ght  i n  F1 , F2 , 81 a nd 82 

g enerati on s  from crosses  of fo ur i nbred l i nes  of  s unfl ower . The res u l ts 

of the s tudy i nd i cated that addi t i ve gene acti on was three times wea ke r 

than domi nance effects . Ep i s tati c effects were n on - s i gn i fi cant i n  most 

cases , however the i nteract ion  between addi t i ve a nd dom i nant genes was 

expres sed . 

Mari n kov i c (20 ) i n  a di al l e l cross  w i th s i x  i nbred l i nes v i z ;  

cms-HA 99 , M-6/4 , S-59 , R- 251 , R- 287 and R- 22 2  s tud i ed the mode of 

i nheri tance of l eaf n umber and pl ant he i g ht . H i s res u l ts i ndi cated that 

addi ti ve and non-add i ti ve components were equal l y  i mportant i n  the 

i n heri tan ce of p l ant  he i g ht . Fo r l eaf n umbe r; the non -add i ti ve com

ponents , domi nance and epi stas i s ,  were more i mportan t  than the add i ti ve 

componen t .  Anal ys i s  of components of gerieti c  v ari ance and reg ress i on 

ana  lys i _ s s howed the presence of super-domi nance i n  the i nheri tan ce of 

p l ant  hei g ht and l eaf n umber . Mari n kovi c a l so fou n d  that domi nant genes 
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were more frequ en t  than reces s i ve genes for p l ant he i ght  bu t the reverse 

was true for l eaf number . 

Manju nath ( 17 ) estimated the components o f  vari ance for seven

teen quanti tat i ve characters of s unfl ower and obs erved that for days to 

fl oweri ng  and l eaf number , domi nance x domi nance gene act i on was of 

prime i mpo rtance fal l owed . by domi nance . · Whereas for pl an t hei g ht 

domi nan ce gene  act i on was more i mportan t than dom i nance x domi nance . He 

reported that , i n  genera 1 , overdomi nance was i n  operat i on and that 

domi nant genes outnumbered reces s i ve genes contro l l i ng p l ant  hei ght . 

Estimates of heri tabi l i ty for p l ant  he i g ht ,  n umber of days to 

fl oweri ng , and  l eaf n umber of s unfl owe r ha ve been o btai ned by di fferent 

res earch workers . Pathak (24) , Kl oczows ki (13 )  and  S ha bana (32 )  report

ed broad sense her i tabi l i ty estimates of 2 0 , 49 and  90% res pecti vel y for 

pl ant hei g ht . . From a pl ant hei g ht s tudy of s even i nbred l i nes , Velkov 

( 38 )  obtai n ed a range  of 47 to 86% for broad sense  a nd - 0 . 17 to 80% fo r 

the narrow sense heri tabi l i ty est imates . Fi ck  ( 10 )  reported a wi de 

range  of 4 to 85% for the broad sense heri tab i l i ty fo r p l ant  hei ght i n  

n i ne crosses  of s ho rt and tal l i n bred l i nes . He further repo rted that 

narrow sense heri tabi l i ty estimates ranged from 20 to 38% for the three 

crosses  wi th broad sense heri tabi 1 i t i es of 80% . S ha bana  ( 32 ) , from a 

study of fou r Rus s i an  varieti es , one Novisad•s n ew se l ected stra i n and 

f ive  Nov i sad•s i n bred l i nes o bta i ned broad sense heri tabi l i ty es timates 

of 98 and 94% for n umber of days to fl owe ri ng  and l eaf number 

respecti ve ly . Oka and Campos ( 2 3 )  reported i n  a study wi th sunfl ower 

vari eti es •Arrowhead• and ' Armavirec• that est i mates of heri tabi li ty and 

regress i on  coeffic i en ts were h i gh for pl ant he i ght and n umber  of days to 
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fl ower i ng .  They a l so observed a pos i ti ve s i gn i f i cant  phenotypi c  

correl ati on  between p l ant hei ght  and n umber o f  days  to f l ower i ng .  

Pathak  (24 ) , i n  h i s  study o f  yi el d components i n  s unfl ower , 

reported a s i gn i fi cant  correl ati on of 0. 45 between days to fl oweri ng and 

pl ant hei ght . Moreover s i gn i f icant  pos i ti ve correl at ions  between l eaf 

n umber and days to fl oweri ng , l eaf n umber a nd p l a n t  hei g h t ,  p l ant hei ght 

and days to fl oweri ng  were reported by S ha bana  ( 32 )  i n  a d i al l el cro ss 

of four 1 i nes of s unfl ower . Kovaci k and S ka l  oud (14 ) reported that 

g rowth rate was corre l ated wi th pl ant  hei ght . 
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MATERIALS AND METHODS 

Th i s  study was conducted near Wh i te , So u th D a kota , on V i enna 

l oam , udi c hapl obo rol l s ,  fi ne l oamy , m i xed type soi l (40 ) . E i ght i nbred 

l i nes of sunfl ower (Hel ianthus annuus  L . ) were chosen as parents . 

Sel  fed seed of 52 pl ants from P I  3B6323 and P I  386316  were the short 

parents . Ori g i nal  seed l ots of both of these parents obta i ned from the 

USDA Hel i an thus col l ecti on at  Ames , I owa , were very uni form for pl an t 

he i ght and wi l l  therefore , be cons i dered i nbred l i nes . The other i nbred 

l ines were HA 89 , HA 1 24 , HA 290 , HA 301 , HA 302 and CM 408 . Tabl e 1 

l i sts the crosses and their ped i grees used to i nvesti gate the i nheri 

tance of pl ant hei ght , days to fl oweri ng , l eaf n umbe r ,  and i nternode 

1 ength . 

F i el d  and g reen house faci l i ti es were used to devel op the various 

generat ions . Standard fi el d pl ot and g reen house  cu l tura l methods were 

appl i ed dur i ng deve l opment of genet i c mater i a l . P l ants approach ing 

fl oweri ng were co vered with "De 1Ne t111 syntheti c bags  to prevent 

out-cros s i ng . . Cros ses were made by fol l owi ng the p rocedure des cri bed by 

Dedi o and Putt (7). Two methods were used to brea k s eed dormancy when 

neces sary . A porti on of the seed from each cross  was trea ted at 60°C 

for about 5 hou rs , pl aced i n  dess i cator to cool and  t hen germi nated . 

The other part was treated with 0 . 05% Ethrel ( 1 5 ) . Both treatments were 

effecti ve . Sprouted seed s were p l �nted i nto vermi cu l i te i n  10 cm2 pots , 

and after  10 days trans pl anted to soi l beds or 2 5  x 31  em g l azed pots . 

1 Hercul es  I nc . pl ast i c  products , 910 Ma rket Street , W i l l m i ng ton , 
De l aware 19899 . 



TABLE 1. Pedigrees of 9 sunflower (Helianthus annuus L) crosses used to 
study plant he·ight, days to flowering, number of leaves and internode 
length at White, South Dakota, in 1983. 

GENERATION PEDIGREE 

P1 PI 386323 
P2 HA 290 
F1 and F2 PI 386323/HA 290 
81 PI 386323//PI 386323/HA 290 
82 HA 290//PI 386323/HA 290 

P1 PI 386323 
P2 HA 302 
Fl and F2 HA 302/PI 386323 
81 PI 386323//HA 302/PI 386323 
82 HA 302//HA 302/PI 386323 

Pl PI 386316 
P2 HA 301 

F1 and F2 PI 386316/HA 301 
81 PI 386316//PI 386316/HA 301 
82 HA 301//PI 386316/HA 301 

P1 PI 386316 
P2 CM 408 
F1 and F2 CM 408/PI 386316 
81 PI 386316//CM 408/PI 386316 
82 CM 408//CM 408/PI 386316 

P1 PI 386323 

P2 HA 89 
F1 and F2 PI 386323/HA 89 

81 PI 386323//PI 386323/HA 89 
82 HA 89//PI 386323/HA 89 

P1 PI 386323 

P2 HA 124 

F1 and F2 PI 386323/HA 124 

81 PI 386323//PI 386323/HA 124 

82 HA 124//PI 386323/HA 124 

Pl PI 386323 

P2 HA 301 

Fl and F2· PI 386323/HA 301 

81 PI 386323//PI 386323/HA 301 

82 HA 301//PI 386323/HA 301 

P1 PI 386316 

P2 HA 89 

F1 and F2 PI 386316/HA 89 

81 PI 386316//PI 386316/HA 89 

82 HA 89//PI 386323/HA 89 

P1 PI 386316 

P2 HA 124 

F1 and F2 PI 386316/HA 124 

81 PI 386316//PI 386316/HA 124 
82 HA 124//PI 386316/HA 124 

10 
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Fl cro s ses were made i n  the f i el d and g reen house duri ng 1981. 

Parental and  F1  p l ants were sel fed to p roduce parenta l and  F2 popu l a

ti ons  of  each cros s .  Bl was produced by cros s i ng t he F1  wi th the short 

parent whil e B2 wa s produced by cross i ng the F1 wi th  the tal l paren t .  

Al l generati ons  i nc l ud i ng parents , F l s , F2s , a n d  bac kcros ses 

were pl anted i n  the f i e l d on June 3, 1 983 . Due  to s hortage of seed of 

the ori g i na l  52 sel ecti on of  PI 386316 u sed i n  crosses , seed from a 

s i ster se l ect i on was used as the parent i n  the f i e l d s tudy .  A spl i t  

p l ot des i gn wi th two repl i cati ons  was used wi th  cros ses as  ma i n  plots . 

There were six subpl ots i n  eac h  ma i n  p l ot ,  con s i s t i ng of two parents, 

Fl ,  F2 and backcro ss generati ons . Eac h s ubpl ot was compos ed of var iabl e 

number of 7 m rows dependi ng upon expected amount  of  gen et i c vari ati on . 

Parents and Fl s cons i s ted of 1 row p l ots , bac kcro s s es were 2 row pl ots 

and F2s were 11  row p 1 ots . Rows were p 1 anted on  76  em centers wi th 

h i l l s  spaced 23 em wi thi n a row . 

Al l p l ants  were thi _nned to one pl ant  per h i  1 1  28 days afte r. 

p -1 anti  ng . Poor  stands were observed i n  some p 1 ots due to seed dormancy 

from greenhou se produced seed and downey m i  1 dew ( P l  a smapara ha 1 stedi i 

( Far )  Berl & de Ton i ) . Tri fl ural i n  was appl i ed a t  t he rate of 0 .84 kg 

per hectare before p l anti ng and hand weed i ng wa s do ne duri ng the g rowi ng 

season to control weeds . Head cl i pper (Hapl oxyneh i tes aemeus ) appeared 

at l ate bud stage . I nsecti c i des , Permethri n ,  at  the rate of 25  ml per 

3 . 8  l i ters of water , wa s hand s prayed and Parathi on ,  at  the ra te of 0 . 56 

kg per hectare , was appl i ed to protect the pl an ts . 

Data on p l ant population , number o f  days to fl oweri ng , plant 

he i ght and number of l eaves were recorded on each plant i n  the 
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popul ati ons . I nternode l ength was ca l cu l ated for each p l ant us i ng data 

on l eaf n umber and pl ant he i g ht .  The procedure used to reco rd observa

tions  on each tra i t  was : 

Popu l ati on  - Heal thy pl ants i n  each popu l a t i o n . 

Fl oweri ng date - Number of days from p l anti ng to open i ng of 

f i rst row of d i sc fl owers on a p l ant . 

P l ant hei g ht - Di stance from soi l s urface to the cen ter of head 

hel d i n  a vert i ca l  pos i t i on after fl ower i ng . 

Leaves per pl an t - Leaves from the bas e  to t he top of the stem 

after fl ower i ng .  Sma l l l eaves on the b ack o f  the head and 

cotyl edonary l eaves at  the bas e were not cons i dered . 

Internode l ength was cal cul ated for each p l ant  by d i v i d i ng p l ant 

he i g ht by number of l eaves . 

Stati st i ca l  Ana lys i s: 

Means , s tandard dev i ati ons , vari ances and correl ati ons were 

cal cu l ated fo r each popul ati on on a s i ng l e  pl ant  bas i s .  Methods· 

des cri bed by S teel and To rri e ( 33 )  were u ti l i ze d  for ana l ys i s of 

vari ance to establ i s h  l evel s of s i gn i fi cance betwee n  crosses and among 

generati ons  i n  each cross u s i ng p l ot means . 

Esti mat i o n  of Heteros i s : 

Percent heterosis ,  e i ther pos i t i ve or neg at i ve ,  of  the Fl over 

the mi d-pa ren t (M P ) val ues for each character was cal cu l ated us i ng the 

methods of  Maran i (19). The paren ta l  means , ca l cu l ated on the bas i s  of 

tota l n umber of pl ants of each paren t i n  a l l the cros ses , were used to 

est i mate hetero s i s ,  potence rati o , F2, and backcros s  dev i at i ons . 



Percent heteros i s  = (F1 - MP)/MP  x 100 

where Fl  = mean of the Fl generati on 

MP = (mean of parent 1 + mean of p a rent 2 ) / 2 .  

E st imat i o n  o f  the Types of  Gene Acti on: 

13 

T he s treng th of dom i nance expres sed by each tra i t  was cal cu l ated 

by the potence rat i o  method ( 2 5) us i ng the fol l owi ng formul a .  

Potence rat i o = (F1 - MP)/ ( HP - MP) x 100 

�here MP = cal cu l ated mi d-parental mean 

HP  = mean of the parent w i th h i gh v a l ue . 

F2 and backcros s dev i ati ons were cal c u l ated as  an est imate of 

epi static · effects i n  the i n heri tance of t he characters under 

i nvest i gati on . F2 devi ati on  was cal cu l ated as the  percentage decrease 

of the o bserved F2 performance f rom the average of F1  and  mi d- parental 

performance . Backc ros s devi ati on was cal c u l ated as  the percentage 

decrease of the observed bac kc ro s s  performa n ce from the average 

performance of  Fl  and the recurrent paren t .  F- tests were cal cu l a ted , to· 

test the s;  gn i fi can ce of these effects , based on  erro r  terms from 

ana l ys i s of vari ance (19). 

The i mportance of geneti c  effects i n  i nheri tance of trai ts 

i ncl uded i·n th i s study was al so determi ned by g enerat i on mean anal ys i s .  

Data from a l l p l ots con ta i n i ng the same genera t i on wi th i n rep l i cates 

were poo l ed to obta i n  mean va l ues for p l ant he i g ht , n umbe r of days to 

fl ower i ng , number  of 1 eaves and i nternode 1 ength . Means were then 

fi-tted by unwe i g hted mu l t i p l e  reg res s i on to the geneti c model of Mather 

and J i n ks  ( 2 1 ) .  The  s i gn i f i cance of add i ti ve a nd domi nance geneti c 
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effec ts pl u s  res i d ua l s was determi ned by f i tt i ng the fol lowi ng 

additi ve-domi nance model to the data (4}. 

9 = m + a1d + a2h 

where y = g enerati on mean . 

m = s l o pe i ntercept 

d = pool ed add i t i ve g eneti c effect 

h = poo l ed domi nance g eneti c effect 

a1 and a2 = coeff i c i ents of the add i ti ve and domi nance g eneti c 

effects . 

E sti·mati on  of Heri tab i l i ty :  

Heri t a b i  1 i ty may b e  defi ned a s  t h e  p roportion  o f  t h e  total 

vari ati on i n  a popu l ati on that has a geneti c bas i s .. Heri  tabi 1 i ty 

percentage est imated from the to tal geneti c vari ance  i s  referred to as 

broad s ense  her i tab i l i ty .  If heri tabi l i ty i s  expres sed a s  a percent of 

the total  add i t i ve va ri ance , i t  i s  known as  n arrow sense  her i tab i l i ty 

( 8 ) . 

Broad and narrow sense  heri tabi .l i ti es fo r p l ant he i g ht , number 

of days to fl oweri ng , number of 1 eaves , and i nternode 1 ength were 

cal cu l ated . E st imates of the en vironmental component of the phenotyp i c  

vari ance were made from the Fl vari ances ( 3 ) , average o f  the parental 

vari ances (16) and the average of Fl and parental var i ances ( 1 ) . I t  was 

assumed that there was equa l  env i ronmental vari ance i n  s eg regati ng  an d 

non- segregati ng or homogeneous  popul ati ons . Es t i mates of geneti c 

vari ances for each segregati ng popu l at i o n  were obta i ned by su btracti ng 

the· vari ance of the homogeneous  popul  ati. on  f rom the vari an ce of the 
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segregati ng  popu l ati ons . Paren tal vari ances , ca l culated on the bas i s  of 

total number of p l ants  of eac h  parent i n  al l cro s s es were u sed to 

est imate heri tab i l i ti es .  

method s . 

B road s ense  her i tab i l i t i es ( h2 ) were cal c u l ated by the fol l owi ng 

1 .  Mahmud and Kramer (16 ) : h2 
= V F2- (VP l  . VP2 ) �/V F2 

2 .  Burton ( 3) :  h2 
= ( VF2 - VF1 ) /VF2 

3 .  Al l a rd ( 1 ) : h2 
= [V F2 - l/3 ( V Fl+VPl+VP2 ) ]/V F2 

where h2 i s  the coeffi c i ent  of heri tab i l i ty a nd VPl , VP2 , VF1 

and VF2 a re p henotyp i c  vari ances fo r paren t 1 ,  paren t 2 ,  F1 and 

F2 respecti vel y .  

Narrow sense  heri tabi l i t i es were esti mated us i ng Wa rner ' s  method 

( 39 ) . The add i ti ve vari ance was determi ned by mu l t i p l yi n g  F2 vari ance 

by two , and s ubtracting the val ue from the summed var i ance of the two 

backcross popu l at ions  and then di v i d i ng by total phenotyp i c  vari ance of 

the F2 popu l at i on .  

h2 
d [2V F2 - (VB1 + VB2 ) ]/VF2

. 

where VB1  and VB2 are the vari ances for bac kc ross  popu l ati ons . 

Es ti mati on of Genotypi c Co rrel ati ons : 

Genotypi c cor rel ati ons were obta i ned by us i ng the method of Petr 

and Frey ( 2 5 ) . F2 data were ut i l i zed to cal cu l a te al l poss i bl e  

genotypi c corre l ati on s among the four tra i ts  under study for each cross . 

F2 g enotypi c  vari ance for each c haracter was obta i ned by s u btrac ti ng the 

parental v ari ance from the total F2 var i an ce. S i mi l ar l y  genotypi c 

covari a n ces  were obtained by s u btracti ng  the parental  co.vari ance from 
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the observed F2 covar i ance . ·The negat i ve parental co vari ance obta i ned 

i n  s ome of the  c rosses p resented a probl em i n  ca l cu l ati ng the 

correl ati ons . In such  a case , the n umerator and denomi nator we re 

mu l t i p l i ed by -1 to o btai n the estimate of correl ati on  ( 1 5 ) . The 

formu l a u sed to cal cu l a te the genotyp i c  co rrel at ions  i s  a s  fol l ows : 
k 

rg = [COVF2xy - (COVPlxy x COVP2xy ) 2]/[VF2x -

( VPlx x V P2x ) �( VF2y - (V Ply x V P2
Y

) �]� 

Where COV and V represent covari ance and  vari ance , respecti vely , 

x and y repre sent the tra i ts bei ng correl ated and  the P l  and P2  are t he 

parents of  the cros s .  

COVF2xy = tota l F2 covari ance between the 

-characters x and y .  

COVPlxy
' COVP2xy = the covari ance between cha racters x an d y 

of parent 1 and parent 2 res pecti vely . 

V F2x , V F2y = tota l F2 vari ance observed i n  characters 

x and y respecti vel y .  

V P l
x , VP2x , VPly , V P2y = observed vari ance of  p arent 1 an d pa rent 

2 i n  characters x and y respecti vely . 



1 7  

EXPER IMENTAL RESULTS 

Parental Means  

Anal ysis of  vari ance of each  tra i t for the p arents i s  presented 

i n  Tab l e 2. There were s i gn i fi cant d i fferences among the paren ts for 

pl ant  heig ht , number of days to fl oweri ng , 1 eaf number , and  i nternode 

l ength . Fu rther statisti cal eval uation  of parental  means  i s  g i ven i n  

Tabl e 3 .  Parenta l  means  were g rouped i n  thre e  catego ri es based on pl ant 

hei ght .  Group 1 ,  the s hort parents , con s i sted o f  PI  386316 and P I  

386323 with pl ant  hei ghts o f  8 6  a n d  9 4  em, res pecti vel y .  H A  89 , wi th a 

p l ant hei ght of 107 em and  HA 301 wi th 111 em, were i ncl uded i n  the 

med ium hei ght  g roup . The tal l est  group con s i sted o f  CM 408 , HA 124 , 

HA 290 and HA 302 wi th  p 1 ant he i ghts of 122 , 129 ,  134 , and  136 em, 

respecti vel y .  

O n  the bas i s of s i gn i fi cant d i fferences among the parents for 

days to fl oweri ng , parents were grouped i n  two categori es . HA 290 , 

HA 301 , HA 302 , CM 408 , P I  386323 ,  and HA 89 were cons i dered as 

ear ly  f l oweri ng  paren ts wi th fl oweri ng dates rang i ng from 69 to 72  days 

to fl oweri ng . The l ate fl oweri ng g roup con s i sted of P I  386316 and 

HA 124 wi th 76 and  77  days to fl oweri ng , respecti v e l y . 

HA 124 had the h i ghest l eaf number at 37 per p l ant , whereas 

HA 290 and HA 301 had the 1 owest  1 eaf number at 22 and 24 1 eaves per 

pl ant , respect i vel y . There was no s i gn i fi cant  d i fference i n  l eaf n umber 

among the rema i n i . ng parents . 

The s ho rt parents , P I  386316 and P I  386323 had the s hortes t 

i nternode l ength. The ta l l parents , HA 2 90 , and  HA 302 , had the 



TABLE 2 .  Ana l ys i s  of vari ance of 4 agronomi c tra i ts of sunfl owe r in 
i n bred l i nes grown at Wh i te ,  South Da kota , i n  1 983 .  

Plant 
�ean Sgua res 

No.  of days N o .  of  
Source df he ight to fl oweri ng l eaves 

Rep 1 70 . 56 0 . 53 0 . 36  

Genotype 7 676 . 74** 15 . 45* 38 . 40** 

Error 7 42 . 33 3 . 1 7  1 . 47 

*S i gn i f i�antl y di fferent at the 5% l evel of proba bi l i ty . 
**S i gn i f i cant l y  d i fferen t at the 1% l evel of  p robab i l i ty . 

Internode 
l ength 

0 . 07 

2 . 25** 

0. 03 

18 

8 



TABLE 3. Means and vari ances for plant hei ght , number of days to floweri ng , number of leaves and 
i nternode length for 8 i nbred li nes of s unflower g rown at Wh i te ,  South Dakota , i n  1 983 . 

Plant No . of days I nternode 
No . of he ight (em) to floweri ng No . of leaves length (em) · 

I nbred li nes Plants Mean1 Var i ance Mean1 Vari ance Mean 1 Vari ance Mean 1 Vari ance 

P I  386316 77 86.3 d 104 . 9  75 . 8  ab 7 . 3 27 . 9  b 4 . 2  3 . 1  e 0 . 21 

PI 386323 46 93 . 8  cd 77 . 5 7 1 . 6 be 3 . 9 28.3 b 4.4 3.3 e 0 . 10 

HA 89 56 107 . 4  be 104 . 6  72 . 0  abc 8 . 0 27 . 3 b 6 . 1  4 . 0 d 0 . 12 

HA 301 27  1 10 . 7 b 67 . 3  70 . 6  c 1 3.6 24 . 4  cd 3.8 4 . 2 cd 0 . 1 5  

01 408 19  1 2 1 . 7  ab  1 29 . 4  70 . 8  c 7 . 3 27 . 9  b 3.6 4 . 4 c 0.21 

HA 124 12 129 . 1 a 444 . 2  76 . 6  a 4 . 8 36.8 a 22 . 3  3.5 e 0 . 10 

HA 290 19 1 33 . 6  a 23 . 0  69 . 9  c 4 . 4  2 1 . 6 d 2 . 4  6.2 a 0 . 26 

HA 302 20 1 35 . 8  a 299 . 2  69 . 8  c 6 . 8  25 . 7  be 1 3 . 6 5 . 3  b 0 . 51 
--
1 means followed by the same letter are not s i gn i f i cantly different based on Waller at K-rati o = 100 . 

......... 
'-0 
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·l ongest i nternodes.  However ,  HA 124 , whi ch was one  of the tal l parents , 

had one of the sho rtes t  i nternode 1 eng ths due to i ts h i gher number of 

l eaves . 

Crosses 

Ana l ys is of var ia nce combi ned over al l cro sses  for p l ant  he i ght ,  

number of days to fl ower i ng ,  number of 1 eaves per p l ant  and i nternode 

l ength i s  presented i n  Tabl e 4 .  Crosses were s i gn i fi cant ly  di fferent 

for a l l tra i ts except days to f l oweri ng . Generati o n s  withi n crosses  

were s i gn i fi cantl y d i fferent for al l c haracters a s  was the i n teracti on  

of crosses  and generati ons.  

Ana l ys i s of vari a nce of i nd i v i dual cros ses  i s  p resented i n  Tabl e 

5 .  Generati o n s  were s i gn i fi c�ntly di fferent for p l ant  hei ght and  

i n ternode l ength  i n  a l l cros ses . There was no  d i fference i n  fl oweri ng 

between generat i ons  of a l l crosses except PI 386323  x HA 290  and 

PI 386316  wi th HA 301 and HA 124 .  I n  the case  of  l eaf  n umber per  pl ant , 

P I  386323  x HA 290 and P I  386316  x HA 124 were t he on l y  cro s ses i n  wh i ch 

there was a s i gn i ficant  d i fference among  generati ons . 

Means  for F 1 s  and  Segregati ng Generations  

Mean v a  1 ues  of  the  characters studi ed for the vari ous genera

tions  wi th i n a cros s a re presen ted i n  Tabl e 6 .  T here was no  s i gn i fi cant 

d i fference between the parents i n  the crosses P I  386323  x HA 124 and 

PI 386316 x HA 89 . Mean pl ant heig ht of the F1 generati on  ranged from a 

l ow of 126  em for the cros s P I  386323 x HA 89 to a h i g h  to 1 5 7  em for 

P I 386316  x HA 301 . Al l Fls were tal l er than the tal l es t  parent . F2 

popu l at ions  were s horter than the Fl tend i ng towa rd t he m i dparent  val ue . 



TABLE 4. Mean squa res  for p l ant  he i ght , number of days to fl oweri ng ,  l eaf number a nd internode l ength 
combined over 9 s unfl ower (He l ianthu s annuus  L) cros ses  grown at Wh i te ,  South Dakota ,  i n  1983. 

Pl ant  No. of  d ays No. of I nternode 
height to flowering l eaves l ength 

Source df Ms Ms Ms �1s 

Cross 8 961.28* 19.45 53.96** 1.98** 

Rep 1 389.38 2.74 3.70 0.95* 

Cross X Rep 8 265.67 8.35 3.31 0.13 

Gen
1 5 6521.79** 14.74** 18.14** 5.97** 

Cross X Gen 40 201.24** 5.62* 10.44** 0.40** 

E rror (b) 45 68.88 2.93 2.72 0.05 

* = s i gnificant l y  different  at  the 5% l eve l  of probabi l i ty. 
** = s i gn i ficantl y d i fferent at t he 1% l eve l of probab i l i ty. 

1Gen =Parent 1 (Pl) , Parent 2 (P2), F1, F2, B1 and  B2. 

N 
� 
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TABLE 5. Mean squa res for plant hei ght , number of days to flowe ri ng, leaf n umber a nd i nternode l ength 
of 9 i nd i v i dual sunflower c rosses grown at W h i te ,  So uth Dakota , in 1983. 

Plant No. of days No. of Internode 
Sou rce df hei ght to fl oweri ng leaves l eng th 

Crosses w i th P I  386323 

P I  386323 x HA 290 

Gen 1 5 684.08* 4.40* 24.09* 2.34* 
Rep 1 9.52 2.52* 0.62* 0.09 
Gen x Rep 5 28.16 0.22 0.09 0.05 

HA 302 x P I  386323 
Gen 5 1163.27* 1.46 6.02 1. 77* 
Rep 1 337.52 35.49 15.97 0.01 
Gen x Rep 5 90.95 7. 77 3.96 0.08 

P I  386323 x HA 89 
Gen 5 235.09* 1. 65 2.42 0.16* 
Rep 1 51.10 3.38* 0.01 0.06 
Gen x Rep 5 19.02 0. 62 0.57 0.02 

P I  386323 x HA 124 
Gen 5 922.22* 6.03 19.82 0.31* 
Rep 1 886.28 5.28 0.84 0.72* 
Gen x Rep 5 151.97 6.15 11.71 0.02 

· P I  386323 x HA 301 
Gen 5 938.83* 3.05 2.61 0.89* 
Rep 1 0.51 0.01 2.51 0.05 
Gen x Rep 5 67.42 1. 99 1.50 0.03 

C ros s es w i th PI  386316 

P I  386316 x HA 301 
z

'
l.16* Gen 5 1160.08* 11.23 1. 41* 

Rep 1 669.04* 3.33 5.75 0.32* 
Gen x Rep 5 49.57 1. 60 3.05 0.02 

CM 408 x P I  386316 
Gen 5 1155.92* 6.00 2.79 0.96* 
Rep 1 432.39* 4.64 0.53 0.70* 
Gen x Rep 5 22.49 3.05 0.85 0.01 

P I  386316 x HA 89 
Gen 5 726.80* 5.63 5.72 0.70* 
Rep 1 5.70 10.43 0.01 0.02 
Gen x Rep 5 140.22 3.11 1.47 0.14 

P I  386316 x HA 124 
Gen 5 1165.41* 10.37* 26.97* 0.65* 
Rep 1 123.02 4.66 3.92 0.01 
Gen x Rep 5 50.14 1. 87 1.27 0.07 

* = s i gn i f i cantly d i fferent at t he 5% l evel of probabi l i ty. 

1
Gen = Parent 1 ( Pl), Pa rent 2 ( P2), Fl, F2, Bl and B2. 



TABLE 6. Means and variances for plant height, nllllber of days to flowring, leaf nUIIber and internode 
l ength of parents, Fls, midparental values1 and segregating generations in 9 sunflower crosses 

grown a t White, South Dakota, in 1983. 

Plant 
NUIDer 

Crosses/Gerlerations of plants 
htt i�ht 'cnsl 

fi!Hn • Variance� 

PI 386323 x HA 290 
Pl 14 100 e 55 
81 29 114 d 332-
HP 117 cd 
Fl 39 155 I 36 
F2 407 128 be 151-
82 44 129 b as-
P2 19 134 b 23 

HA 302 x PI 386323 
Pl 5 90c 11 
81 22 113 b 793-
"" 113 b 
Fl 13 150 I 158 
F2 304 145 I 241 
B2 9 92 be 335 
P2 20 135 I 299 

PI 386323 X ItA 89 
Pl 7 95 d 9 
Bl 34 115b 24J-
"" 104 cd 
F1 22 126 I 123* 
F2 322 121 ab 14 7-
B2 38 115 b 190*'* 
P2 26 112 be 61 

PI 386323 X ItA 124 
Pl 11 94d 92 
Bl 23 100 ed 7Z 
MP 102 cd 
F1 25 154 I 75 
F2 183 127 abc 292 
B2 35 138 ab 182 
P2 4 110 bed 887 

PI 386323 x HA 301 
P1 9 86 de 66 
Bl 19 821 249'*'* 
MP 96 cd 
F1 23 129 I 170 
F2 173 117 1b 188'*'* 
B2 47 125 ab 106-
P2 13 107 be 28 

PI 386316 X HA 301 
P1 19 92 d 58 
81 5 105 c 812-
"" 104 cd 
Fl 37 157 I 78 
F2 464 135 b 305-
B 2 52 136 b 1 71-
P2 14 116 c 66 

CM 408 X PI 386316 
P1 18 88d 86 
Bl 29 140 b 887-
,., 105 d 
Fl 20 150 a 213'* 
FZ 438 141 ab 332-
82 58 145 ab 213-
PZ 19 122 c 129 

PI 386316 X HA 89 
P1 12 75 e 101 
81 43 110 ab 407 -
MP 90e 
Fl 12 132 a 369** 
F2 232 122 a 318-
82 ,5 2 123 a 288-
P2 30 105 abc 123 

PI 386316 X HA 124 
Pl 28 89 e 73 
81 5 6 130 c 551-
MP 113 d 
Fl 20 155 a 379-
F2 73 132 c 540-
82 40 154 ab 290"" 
P2 8 137 be 38 

AgronCIIIic Trefts 
NO. of diys NO. of 

to flowring lenes 
Me1n2 V arflncej Mean� V1rianee5 

Crosses wit h PI 386323 

72 a 3 28 be 2 
71 b 8'* 31 I a-
70 cd 25 d 
68 I 28 b 3 
70 cd 7'* 27 c 9-
70 bed 6 23 e u-
69 dl 4 22 ef 2 

71 a 3 29 I 
711 12 31 I 
711 27 • 
711 12 28 I 9 
71 a 7 30 I 13 
74 a 15* 25 I 14 
70 a 7 26 I 14 

7Zb 2 28 c 1 
74 I 8* 2g be 11'*'* 
7Z b 28 be 
7Z 1b 6 31 I 5-
71 b 6* 30 ab 12** 
73 1b 7* 28 be 13'*'* 
7lb 4 29 be 2 

711 4 30 a 
70 I 8 28 I 
73 I 31 I 
711 34 a 2 
73 I 34a 21 
74 I 37 I 9 
75 I 33 I 34 

73 I 6 28 a 12 
711 11- 28 I 7* 
721 27 I 
70 I 5 29 a 
71 a 9 29 a 
72 I 9 29 a 
72 a 12 27 a 

Crosses with PI 386316 

76 I 7 28 be 4 
75 1b 32* 32 I 13* 
73 be 27 be 
69 d 3 30 ab 1 
70 cd 12 29 abc 8* 
69 d 8 28 be 5 
69 d 10 26 e 6 

76 I 8 28 b 
72 lb 13 30 lb 
73 ab 28 b 
72 ab 10 31 a 6 
73 ab 12" 30 ab 14-
72 lb 10 30 a 6 
71 b 7 28 b 4 

77a 9 28 abc 4 
74 ab 12 29 abc 15-
75 ab 27 be 
72 ab 7 31 I 3 
72 b 11 28 abc 12" 
72 ab 8 29 ab 7 
72 ab 12 26 c 6 

75 ab 7 28 e 4 
73 be 14'*" 31 d 15-
77 a 33 be 
72 e 4 33 bed 10'* 
72 be 10" 32 cd 15-
73 be 12" 35 b 6 
78 a 1 39 a 7 

Internode 
lTth 'cnsl 

Mean
_.. 

Var1ance3 

3. 6 d 0.1 
3. 7 d 0.4* 
4. 9 c 
5. 5 b 0.1 
4. 7 e o.5-
5. 7 b 0.4* 
6.2 a 0.3 

3.1 e. 0.1 
3. 7 be 0.6 
4. 3 b 
5.4 I 0.3 
4.9 a 0.6 
3.8 b 0.1 
5.3 I 0.5 

3.4 b 0.0 
3. 9 lb 0.2-
3.6 ab 
4.1 I 0.1 
4.1 a 0.3-
4.1 I o.5-
3.9 lb 0.1 

3.2 d 0. 1 
3.7 be 0.2 
3.3 d 
4.5 I 0.1 
3.8 b 0.3'* 
3. 7 be 0.1 

'3.3 d 0.1 

3.1 d 0.0 
3.0 d 0.1" 
3.5 c 
4.5 • 0.2 
4.1 1b 0.3-
4.3 ab 0.1 
4.0 b 0.0 

3.3 d 0.2 
3.3 d 0.4 
3.9 c 
5.3 a 0.1 
4. 7 b 0.4-
4.8 b 0.2 
4.5 b 0. 1 

3.2 d 0.2 
4. 7 b 0.7-
3.8 c 
4.9 a 0.2 
4.8 a 0.6-

4.8 a 0.4" 
4.4 b 0.2 

2. 7 e 0.1 
3.8 ab o.5-
3.4 be 
4. 3 ab 0.6-
4.4 a o.5-
4.2 ab 0.3-
4.0 ab 0.1 

3. 2 d 0.2 
4. 3 ab 0.4-
3. 4 d 

4. 7 a 0.1 
4.2 be 0.5'*" 
4.4 ab 0.2 
3.6 cd 0.1 

1 MP • calculated midparental value. 
2 means followed by the s111111 letter are not significantly different based on Waller at K-ratio • 100. 
3 vari a n ces followed by •, *" are significantly different fl"'OII a pooled parental variance at the s:; 

'"� ,� l"v"l nf n,.,Mhilltv. r�soectlvelv. 

23 



24 

S i gn i fi cant  decrease  i n  F2 wa s observed i n  P I  386323 x HA 290 and 

cross es of P I  3 86316  wi th HA 301 and HA 1 24 .  Backcros s i ng to the short 

parent reduced the mean pl ant he i g ht bel ow that observed fo r the F2 but 

not as  s ho rt as  the recu rrent parent except P I  386323 x HA 124 and 

PI  386323 x HA 301 , wh i l e  bac kcross i ng to the tal l paren t  s howed s i mi l ar 

hei g hts as  i n  F2 s but tended to increase the he i g ht a bove the tal l 

parent. Except i ons  to these trends were observed for t he cros ses of 

P I 386323 wi th  HA 290 , HA 302 and HA 89 and P I  386316 x HA 124 . 

T here was a 4 day range for n umber of days to fl oweri ng , from 68 

to 72 days . for the F1 generat i on . Mos tly , the F1 s were as early or  

earl i er i n  fl oweri ng than  the  early  parent .  Genera l l y ,  the F2s were 

s i mi l ar to the F1s  i n  fl oweri ng except for P I  386323 x HA 290 i n  wh i ch 

the F2 was l ater than the Fl . Backcross i ng to t he ear ly  p arent p roduced 

popu l ati ons  as earl y fl oweri ng as the recu rrent paren t � Backcros s i ng to 

the l ate parent  ten ded to i ncrease the number o f  days to fl owe ri ng  above 

the F2 but l ower than the l ate parent for c rosses  made wi th  PI 386316 . 

The average n umber of 1 eaves p er p 1 ant  of the F1 generati o n  

ranged from a l ow of 2 8  for the crosses of P I  386323 w i th H A  290 and 

HA 302 to a h i g h o f  34 l eaves for PI 386323 x HA 124 .  The F1s were 

equal or h i g he r  i n  l eaf number than the parent  wi t h  the mo s t  l eaves 

except for PI 386316  x HA 124 i n  whi ch the observed n umber of l eaves of 

the Fl was cl ose  to the mi. dparent val ue . F2 popu l a ti ons  rea cted l i ke 

the F1 s  rel ati ve  to the parents for a l l crosses except P I  386323 x 

HA 290 and P I  386316 x .  HA 89 . Bac kcross i ng to the paren t wi th l es s  

number o f  l eaves decreased l eaf number bel ow the F 2  popu l a t i on but not 
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bel ow the recu rrent parent i n  mos t  cros ses . Whereas bac kcross i ng to the 

parent wi th h i g he r  n umber of  l eaves tended to i nc rease  l eaf  n umber above 

the F2 and recurrent  p a rent except for cro s s  PI 38631 6  x HA 124 . 

Average i nternode l ength o f  the F1 g enerati on  ranged from a l ow 

of  4 . 1  em for the cros s P I  386323 x HA 89 to a h i g h  o f  5 . 5 em for the 

cross  P I  386323  x HA 290 . The F1s p roduced i n ternode l engths as l ong or  

l onger than  e i ther parent .  F2s were s i mi l ar to  F l s  .fo r th i s  tra i t  i n  

most  cro sses . Backcross i ng . to the parent wi th  s hortes t i nternode 

decreased the i nternode l en gth bel ow that observed for F2 s i n  s i x out of 

n i ne  cros s es . B ackcro s s i ng to the parent  wi th l onger i nternode produced 

BC popul  ati  ens  s i mi 1 a r  to F2 s and 1 anger than the recurrent pa rent i n  

mos t  crosses  except P I  386323 i H A  290 and HA 302 x P I  386323 . 

Va r iances 

Vari ances for pl ant he i g ht , number of days to fl ower i ng , l eaf 

numbe r  and i nternode l ength are al so presented i n  Tabl e 6 .  H i gher 

var i a nces for pl ant  hei g ht were observed i n  F1s than the i r parents i n  

most  cro s se s . The F2 popu l ati ons exh i bi ted h i g her var i ances than thei r 

respecti ve Fls for a l l crosses . Va ri ances  of  the bac kc ro s ses  to the 

short paren t were h i g he r  than bac kc ros ses  to the tal l parent  except for 

cro s s  P I  386323 x HA 1 24 . The bac kcrosses  made wi th  P I  386316  s howed 

hi g her  v ari ances than cro sses wi th  PI  386323 . 

Data i n  Tabl e 6 on  days to fl oweri ng i nd i cated that vari ances of 

the F1s were no t  signifi ca ntl y di fferen t from the pool ed parental 

vari ance . The F2s had comparati vel y h i g her  vari ance s than Fl s i n  mos t  

crosses . Backcros ses made wi th the l ate parent o f  a cros s exhi bi ted a 
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h i g her  vari ance than ba ckcro s ses to the early fl ower i ng paren t .  Data i n  

Tabl e 6 fu rther reveal that backcrosses  wi th P I  386316 , wh i ch was the 

l ates t parent i n  terms of days to fl ower i ng , s howed h i g her  vari ances 

than the backcro s s es made wi th PI 386323. 

Vari ances of  t he d i fferent generati on s  fo r 1 eaf n umber demon 

s trate that i n  mos t  crosses F1 s d i d  not s how s i gn i fi cant ly  di fferent 

v ar i ances from the i r poo l ed parental vari ance . The magn i tude of the F2 

vari ances was hi gher than the F1 s .  V ari ances were h i g her for the 

backcrosses  made wi th the parents wi th  fewer n umber of l eaves compared 

to bac kcros ses  wi t h  p aren ts wi th more l eaves for c ro s se s , P I  386323 x 

HA 290 and P I  386316 x HA 124 .  

For i nternode l ength , the variances of the F l s  were not s i gn i fi 

cant ly  di fferen t from thei r poo l ed parenta l vari ance but  l ower than the 

F2 generat i o n s . H i gher var i ances were demons trated o n  backcros s i ng wi th 

the s ho rt parents ( Tab l e 6 ) . 

F requency D i str i buti o n s  

Frequency d i s tri but i ons  of pl ants for each  g enerati on o f  the 

i ndi v i dual  cro s ses for p l ant hei g ht , n umber of days to f l oweri ng , l eaf 

n umber and i nternode 1 ength a re presented i n  Tabl e s  7 ,  8,  9 and 1 0 ,  

res pecti vel y .  Fo r p l ant hei ght , s kewness towards tal l ness  was observed 

i n  a l l F2 popu l at i ons . The F2 generat i ons  had a wi der d i stri bu ti on of 

i nd i v i dua l s for p l ant  hei ght than any o the r generat i on s ugges ti ng 

geneti c vari at i o n for thi s trai t (Tabl e 7 ) . Tran s gres s i ve seg regates 

were observed i n  the F2  and bac kcross  generat i o n s . 
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TABLE 7.  Frequency di stri butions for p l ant hei ght (em) of 9 sunfl ower crosses i ncl udi ng parents F l , F2 and both 
backcross popul ati ons g rown at Whi te , South Dakota , in 1 983 . 

Cl ass Mi dpoints 

- - .... - - - - - .... .... .... - - - - - - - - .... 
POPULA- � "' � ...... ...... CD CD <Q <Q 0 � .... - N N w :=:: � """ U'l U'l "' � ...... ...... CD � <Q <Q 

N � ...... � � � :-" � N ...... � ...... � � :-" � � � N � � � � 
TIONS 

U'l ;_, U'l U'l U'l U'l U'l ;_, U'l U'l ;_, U'l U'l U'l U'l U'l U'l U'l U'l U'l U'l U'l U'l U'l x 

P I  386323 2 1 2 5 3 1 100 
B l  1 5 1 2  3 5 2 1 1 14 
F l  4 7 5 2 1  2 155 
F2 1 5 13 27 32 73 74 69 51 37 9 8 2 128 
B2 TO 7 12 3 7 3 2 129 
HA 290 2 10 4 3 134 

P I  386323 1 2 1 1 90 
8 1  4 4 2 2 1 1 2 1 2 1 1 13 
F l  1 1 2 2 4 1 1 1 1 50 
F2 4 2 9 13 14 30 41 32 37 29 33 30 1 9  5 3 1 1 145 
82 2 1 1 92 
HA 302 1 1 3 1 3 3 2 3 1 135 

PI 386323 5 2 95 
8 1  3 1 1 0  2 5 7 2 115 
F l  2 1 3 2 4 2 8 126 
F2 2 8 17 27 29 46 62 48 46 20 1 0  3 121  
B2 1 4 4 8 5 2 6 1 3 3 1 1 5  
HA 89 3 1 4 7 10 112 

PI 38632 3  2 1 4 2 1 94 
8 1  3 3 7 6 1 1 100 
F l  2 3 1 6 7 4 2 1 54 
F2 4 5 .!1 1 0  6 1 7  1 9  16 3 5  2 5  1 5  1 1  2 2 1 12 7  
B2 1 1 1 3 1 4 5 5 10 2 1 138 
HA 124 2 1 1 1 10 

P I  386323 2 3 1 86 
8 1  3 1 4 6 82 
F 1  1 2 3 2 6 6 2 1 129 
F2 2 4 lQ. 12 20 22 25 29 19 1 5  5 5 2 1 1 7  
82 1 3 5 4 7 8 9 8 2 125 
HA 301 6 1 6 107 

P I  386316 3 3 5 4 92 
8 1  1 2 1 1 105 
F l  1 3 4 5 8 8 6 2 1 5 7  
F2 2 4 14 17 12 14 30 20 35 40 61 77 48 38 30 10 8 3 135 
82 l 1 2 2 2 6 8 5 1 1  4 7 3 136 
HA 301 5 2 3 1 1 2 1 1 6  

PI  386316 3 2 2 5 88 
B l  1 2 2 2 3 8 6 1 140 
F l  1 1 1 3 3 2 4 3 150 
F2 4 1 12 11 23 24 22 35 46 58 50 45 35 30 1 6  6 5 2 3 1 141 
B2 2 2 2 8 5 7 8 8 10 3 1 2 145 
CM 408 2 2 3 5 3 1 1 122 

PI 3863 16 2 4 2 1 75 
B 1  2 1 1 1 5 5 4 3 5 2 2 110 
Fl 1 2 1 1 2 4 1 132 
F2 2 3 7 6 18 9 24 1 6  36 28 2 5  11  23 5 6 7 122 
82 ! 4 3 5 1 9 5 4 3 6 5 2 3 123 
HA 89 2 6 7 9 2 1 105 

PI 386316 4 8 8 3 3 89 
B 1  4 2 4 6 2 3 1 6 5 1 1  4 2 2 130 
Fl 1 1 2 5 2 4 3 1 155 
F2 6 2 2 4 3 2 2 8 7 4 10 5 6 4 2 1 132 
B2 1 r 1 1 2 1 3 8 3 6 5 4 2 1 1 54 
HA 124 1 3 2 1 13 7  

Class m i dpo i nts conta i n i n g  mi dparental va l ues a re underl i ned in F2 popu l ations . 



TABLE 8.  
Fl , F2 

POPULA-
T I ONS 

PI 38632 3 
Bl  
F l  
F 2  
B 2  
H A  2 9 0  

P I  386323 
81 
Fl 
F2 
82 
HA 302 

· p r  386323 
81 
F l  
F2 
82 
HA 89 

PI 386323 
8 1  
F l  
F2 
B2 
HA 124 

P I  386323 
Bl 
Fl 
F2 
B2 
HA 301 

PI 38616 
B1  
Fl 
F2 
B2 
HA 301 

PI 3863 16 
B1  
Fl 
F2 
82 
CM 408 

PI 3863 16 
Bl 
F1 
F2 
B2 
HA 89 

PI 386316 
B l  
F l  
F2 
B2 

HA 124 

Frequency di str i but i ons for n umber of days to fl oweri ng of 9 sunfl ower crosses 
and backcross popu l ations grown at Whi te ,  _South Da kota , i n  1 98 3 .  

Class M i dpoi nts 

� � � � � � � � � ......, ......, ......, ....., ....., ......, ........ ......, ....., 
- � � � � � � � � ? - � � � � � :--' � 
c..n c..n c..n c..n c..n � c..n c..n c..n c..n c..n c..n c..n c..n c..n <.n c..n c..n 

1 2 2 3 5 1 
2 3 13  5 4 1 

1 1 1  9 7 3 5 1 1 1 
1 2 3 7 34 37  72  67 57 44 1 9  35 12 9 4 4 

2 9 7 4 7 3 5 4 3 
5 8 4 1 1 

1 2 2 
5 5 5 2 2 3 

1 1 3 5 1 2 
1 4 1 6  2 9  4 0  4 7  41 2 5 24 38 1 7  1 4  8 

1 1 5 . 2 
2 9 2 6 1 

2 2 3 
1 5 3 2 4 6 2 3 6 2 
1 3 4 1 2 3 5 2 1 

2 7 22  46 56 52 35 32 30 27  3 9 
1 2 5 6 b 5 3 4 3 2 1 

3 8 6 4 3 1 1 

2 . 2 1 1 3 1 1 
2 7 8 4 1 1 

2 6 4 7 3 1 1 1 
1 2 8 19  18 2 1  2 6  2 7  20 25 1 1  4 1 

1 2 2 3 � 5 3 8 4 2 
1 1 1 1 

2 1 2 3 
2 2 2 7 6 

2 9 8 3 1 
2 7 9 1 0  18 26 23 17  20 7 1 4  1 2  6 1 

1 2 3 12  3 2 I 5 2 5 3 2 
1 3 2 1 4 2 

2 2 3 7 5 
1 1 2 

1 5 1 1  9 5 2 3 1 
6 4 1 1  2 1  33 50 67 40 52 52 .?.§. 23 2 5 20 8 18 7 

1 8 3 1 2  11  4 7 1 2 3 
3 3 2 3 2 1 

1 3 1 5 8 
2 6 8 2 5 5 1 
2 4 5 3 2 4 

1 1 10 16 32 28 51 28 27  41 44 48 28 50 19 
1 2 6 3 9 8 2 9 3 4 4 4 3 
2 3 8 2 3 1 

1 1 2 2 5 
1 1 6 2 5 2 1 3 7 5 5 3 2 

2 2 3 1 1 3 
1 1 7 13  1 0  2 8  31  2 9  19  2 3  1 7  1 7  1 5 11  6 4 

1 1 2 6 5 3 7 10  5 � 5 1 1 
1 3 7 4 1 1 5 2 2 4 

1 1 4 2 1 2 7 1 . 7 2 
1 4 4 6 4 2 5 8 3 1 6 4 6 2 

2 4 4 4 1 2 2 1 
8 9 1 3  4 6 1 0  2 2 9 6 3 1 

2 1 5 7 3 6 2 3 4 3 3 1 
4 3 1 

Cl ass mi dpo i nts conta i n i ng mi dparenta l v a l ues a re underl i ned i n  F2 pop u l a t i on s .  

28 

i ncl udi ng parents , 

......, 
� x c..n 

72 
7 1  
68 
70  
70  
69  

7 1  
7 1  
71  
7 1  
7 4  
7 0  

7 2  
7 4  
72 

1 7 1  
7 3  
7 1  

7 1  
7 0  
7 1  
7 3  
74 
7 5  

73 
71 
70 
71 
72 
72 

76 
75 
69 
70 
69 
69 

76 
72 
72 

14 73 
72 
71 

77 
74 
72 
72 
72 
72 

75 
73 
72 
72 
73 
78 
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TABLE 9. Frequency distributions for 11 Uibe r  o f  l eaves o f  9 sunflowr crosses fncl udtng parents , F1 , F2 & n d  backcross popul ation� 
gMM� at Whi te ,  South Dakota , fn 1983. 

Class Midpoints 

POPULATIONS � a; � ;; - N � N N N N N N N N .... !: � .... .... .... .... � .... .... A � A A A A A A A A r "' 0 N .... A "' "' .... CD "' 0 .... . "' "' CD "' 0 N .... . "' "' ..... CD "' 

PI 386323 8 1 28 
81 4 3 2 4 2 2 4 . 31 
F1 4 2 4 10 12 6 1 28 
F2 7 16 20 33 32 42 63 49 45 36 25 21 6 5 4 1 1 27 
82 6 7 7 4 2 3 l  4 5 1 3 2 3  
H A  290 1 4 5 4 3 1 1 22 

PI 386323 2 2 29 
8 1  7 5 31 
F1 1 4 2 3 2 28 
F2 6 5 2 1 15 20 33 17 30 46 33 28 16 8 9 4 2 3 30 
82 2 2 2 - 1 1 2 5  
HA 302 1 1 2 2 6 3 1 26 

PI 386323 1 3 28 
8 1  10 4 2 29 
Fl 3 2 1 1 4 5 4 2 3 1  
F2 7 l 1  1 4  16 20 37 27 35 43 34 29 22 9 6 3 30 
82 4 7 rr 10 1 2 28 
HA 89 1 1 3 . 3 10 6 29 
PI 386323 2 1 5 30 
81 6 6 2 28 
F 1 4 2 5 12 1 1 34 
F2 26 22 25 36 32 16 4 34 
82 3 5 9 13 1 37 
HA 124 1 1 33 
PI  386323 3 2 28 
81 8 4 28 
F l 6 4 6 3 3 29 
F2 9 12 17 26 32 22 21 8 4 3 1 29 
82 1 1 )' 9 6 8 8 5 1 29 
HA 301 7 1 3 2 27 
PI 386316 4 5 2 28 
8 1  1 2 32 . 
Fl 1 2 13 10 10 f 30 
F2 4 5 17 20 47 59 73 71 57 39 27 18 14 5 4 29 
82 1 2 3 5 b 7 1 4  9 2 1 1 1 28 
HA 301 3 2 5 3 1 26 
PI 386316 2 1 28 
8 1  4 4 6 2 1 2 1 30 
F l 3 4 5 6 1 1 31 
FZ 1 2 4 7 10 27 18 37 38 43 42 53 42 40 24 20 14 7 1 1 1 2 30 
82 1 1 5 ,.  5 9 8 9 6 4 1 30 
CM 408 2 2 7 2 3 1 28 
PI 386316 1 2 2 5 28 
8 1  2 2 2 3 7 4 1 29 
Fl 2 6 2 1 3 1  
F2 2 8 6 11 12 21 35 31 28 17 18 1 7  9 1 2 28 
82 2 3 7 / 5 3 7 6 8 4 29 
HA 89 6 14 7 1 26 
Pt 386316 . 1  5 5 3 2 2 2 28 
81 3 1 3 6 4 9 6 4 7 2 1 31 
Fl 2 2 1 4 7 33 
F2 4 1 6 6 8 6 6 6 1 32 
82 1 2 r 4 1 1 35 
HA 124 39 

Cl ass mi dpoints conta i n i ng m i dparental va l ues a n!  undel"l i ned in F2 popu l ati ons . 
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TABLE 10. Frequency di st ri bu t i on s  for i n ternode l ength (em) of 9 sunfl ower crosse s  i nc l ud i ng paren ts , F l , F 2  a n d  
bac kcross pop u l a ti on s  g rown at Whi te , So uth Dakota , f n  1 983. 

Cl ass Mi dpo i nt s  

POPULAT IONS � � � � � � � � � � ::- ::- ::- ::- � !"" !"" !"" !"" !"" ?' ?' ?' ?' ?' :--' :--' :--' :-" :--' ?I ?I x w c.n 10 w c.n 10 w 10 c.n 10 w c.n 10 c.n I.C w 

P I  386323 2 7 3 1 1 3 . 6 
8 1  1 4 4 4 2 2 4 3 2 2 3 . 7  
F l  1 5 9 10 9 3 2 5 . 5 
F2 4 34 1 07 124 89 3 3  1 1  2 1 4 . 7 
82 1 4  5 2 7 7 4 4 2 3 2 2 5 . 7  
H A  290 2 2 1 3 2 2 5 1 6 . 2  

P I  386323 2 3 3 . 1 
8 1  1 3 2 2 3 3 2 3 2 3 . 7  
F l  1 2 2 2 2 1 1 2 5 . 4  
F2 3 14 16 29 1l 27 23 27 22 22 24 14 19 13 1 1  3 1 2 1 4 . 9  
82 1 1 4 1 3 . 8  
H A  302 2 2 2 8 1 2 1 5 . 3  

P I  386323 3 3 3 . 4  
8 1  5 4 2 5 7 6 2 3 . 9  
F1 1 1 5 7 5 2 1 4 . 1 
F2 4 8 19 31 42 49 46 30 29 20 19 13 5 3 2 4 . 1 
82 3 4 6  4 5 6 5 2 1 1 4 . 1 
HA 89 2 4 9 7 1 1 1 3 . 9  

P I  386323 4 3 1 3 . 2  
8 1  2 3 1 3  5 3 . 7  
Fl  2 4 3 7 5 1 3 4 . 5  
F2 2 4 9 2 5  28 29 31 29 13 4 1 5 1 3 . 8  
82 2 5 2 1 4  5 4 2 1 3 . 7  
H A  124 2 1 1 3 . 3  

P I  386323 3 4 3 . 1 
8 1  2 3 6 4 2 3 . 0 
Fl  1 3 4 1 3  2 4 . 5  
F2 2 1 1  20 18 19 39 27 1 7  7 6 2 3 4 . 1 
82 1 8 12 1 2  7 6 1 4 . 3  
H A  301 1 7 3 2 4 � 0  

P I  3863 1 6  3 5 3 2 2 1 3 . 3  
8 1  2 2 3 . 3  
F1 2 2 3 5 9 9 6 1 5 . 3  
F2 4 3 8 12 23 33 46 48 74 63 44 48 23 15 13 3 1 1 1 4 . 7 
82 .,. 2 7 6 5 8 1 1  6 6 4 . 8  
HA 301 2 1 4 1 3 2 1 4 . 5  

P I  3863 1 6  1 4 2 3 3 4 3 . 2  
B l  1 4 8 5 4 . 7 
Fl  3 7 7 3 4 . 9  
F2 8 6 16 21 45 5 1  37 52 49 39 36 2 5  1 2  10 8 7 1 2 3 3 1 1 1 1 4 . 8  
82 1 1 1 1 1 6 8 1 3  8 5 4 4 4 1 4 . 8  
CM 403 1 1 1 4 1 4 2 3 2 4 . 4  
P I  3863 16 4 3 2 . 7  
81  4 6 4 4 6 6 1 4 1 3 . 8  
Fl  4 2 4 2 4 . 3 
F2 4 6 5 14 13 24 25 29 27 16 26 1 7  7 2 2 1 1 4 . 4 
82 T 5 4 5 1 4  5 7 4 3 1 1 4 . 2  
HA 89 3 1 7 6 1 0  1 1 4 . 0  
P I  386 3 1 6  1 1 1 1 6 5 5 3 1 1 3 . 2  
81 2 1 4 7 2 6 6 6 1 0  5 3 4 . 3  
Fl 1 2 4 3 7 3 4 . 7 
F2 4 1 2 6 4 1 1  6 8 8 7 3 4 . 2 
82 1 1 4 2 3 7 6 6 3 6 4 . 4  
H A  124 1 2 4 1 3 . 6  

C l a s s  m i dpo i nts con ta i n i n g  m i dparenta l v a l ues a re underl i ned i n  F 2  popu l at i on s .  
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Data on  frequency d i s tri buti ons  for days to  fl ower i ng presented 

i n  Tab l e 8 s howed the occu rrence of con s i derabl e  s egregat i on i n  the F2 

g enerati o n s  wi th  i nd i v i dual s exceedi ng  bo th earl y a nd l a te parents i n  

the cros ses wi t h  P I  3 8632 3 . However , i n  cros ses  o f  P I  38631 6  wi th HA 89 

and HA 124 � trans g re s s i ve segregates were o bserved o n l y  for earl i ness . 

Al though  the amount  of seg regation  i n  backcro s s  generat i ons  i s  qui te 

h i gh , the maxi mum seg regat i on was o bserved i n  F2  generati on s , s howi ng 

geneti c vari at i o n  i n  the s egregati ng popu l ati on s  for days to fl oweri ng .  

Frequency d i  s tr i  but i on s  o f  the parents , Fl , F 2  and backcross  

generat ions  for n umber of  l eaves per  p l ant presented i n  Tabl e 9 demon

s trate that the maxi mum p l ant to pl ant vari at i on agai n occu rred i n  F2  

popu l ati on s . Seg regates wi th h i gher n umber of l eaves than  e i t her parent 

were observed i n  F2 popul ati o ns . 

Data presen ted i n  Tabl e 10  demon stra te h i g hest  amount  of vari 

abi  1 i ty i n  the F2 popu l at i ons for i n ternode 1 ength . Short i n ternode 

parental types  were recovered i n  the F2 and Bl popu l at i ons . 

Heteros i s  and Potence Rat i o  Val ues 

Heteros i s  and  potence rati o v a l ues  were pos i t i ve for pl ant 

hei g ht , n umber of l eaves per p l ant , and i nternode l ength  i n  a l l crosses 

(Tabl e 1 1 ) .  The mag n i tude for l eaf n umber , and i n ternode l ength was 

l ower than that observed for pl ant hei ght . Th i s  i s  to be expected for 

i n ternode l ength  s i nce i t  i s  a cal cul ated va l ue bas ed on pl ant  hei ght 

and l eaf number . Cro s s es wi th P I  386323 tended to g i ve l ower l evel s of 

hetero s i s fo r pl ant hei_ ght  than crosses wi th  P I  38631 6 .  The  l owes t 

l evel  of hetero s i s fo r pl an t  hei ght was obs erved i n  cro s s es of P I  386323 



TABLE  1 1 .  Percen t Heteros i s  and Potence Rat i o  ca l culated for plant he i ght , n umbe r of days to flower-
i ng ,  leaf number and i nternode length of 9 s unflower c ro s s es g rown at Wh i te ,  South Dakota , i n  1983 . 

No . of  days 
CROSSES Plant height to flowe r i ng No . of leaves I nternode length 

Potence Potence Potence Potence 
Heteros i s  Rat i o Heteros i s  Rat i o Heteros i s  Rat i o  Heteros i s  Rat i o 

Cros ses w i th P I  386323 
P I  386323 

X HA 290 36 208 -4 - 180 13 100 15  51  
HA  302 x 

P I  38632 3 30 165 1 68 5 98 23 100 
PI 386323 

X HA 89 26 380 0 1 59 1 1  300 12 130 
P I  386323 

x HA 124 ' 37 239 -5 - 138 5 43 31 900 
P I  386323 

x HA 301 26 314 -2 -215  10  132  18  151  
Cro sses  w i th P I  386316 

PI 386 3 1 6  

x HA 301 59 479  .;.6  - 160 14 210 44 284 
CM 408 x 

1 P I  386 3 16 49 260 -2  - 70 9 - 32 188 
P I  386 3 16 

x HA 89 36 332 -2 - 76 13 700 20 161 
PI 3863 16 

x HA 124 44 220 ... 6 -900 2 11  43 721 

Percent Heteros i s  � (Fl -MP)/MP x 100 Potence Rat i o  Percent � (F1-MP)/(HP-MP) x 100 

where F 1  � mean of the F1  generati on 
MP � mi dpa rental value 
HP � mean of the parent wi th h i gh value 

1 
= no di fference between the h i gh parent and mi dparent 

w N 
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wi t h  HA 89 and HA 301 . Potence rati o  va l ues were h i g h l y  vari a bl e 

rang i ng  from 1 1  to 7 00% for l eaf n umber and f rom 5 1  to 900% for i nter

node l ength . Crosses w i t h  the l owest  l evel of  h etero s i s had the l owes t 

potence rati o va l ues for both tra i ts .  However , c ro sses  wi th hi g her 

l evel s of hetero s i s d i d not a l ways have h i g her potence rati o va l ues . 

F2 and Backcro s s  Devi at i ons  

F2 and backcro s s  dev i at i ons  for the tra i ts s tudi ed i n  al l 

cro sses  are presented i n Tabl e 12 . F2 dev i at i on was cal cu l ated as the 

percentage decrease of F2 performance from the average o f  Fl and mi d

parental performance . Backcross  dev i at i on was cal cul ated as  the per

centage dec rease of backcross  perfo rmance from the average performance 

of  F l  and the recu rrent pa rent . F2 perfo rman ce wou l d · be expected to be 

near  the average of Fl and mean parenta l performance i f  epi stas i s  i s  not 

. effecti ve .  A s i gn i f i cant F2 dev i at ion from th i s average i ndi cates 

epi stat i c  gene acti on . S i mi l arl y ,  when no effects  of ep i s tas i s  are 

assumed , backcros s  performance s hou l d  be expected to be near the average 

of  Fl and recurrent parent perfo rmance ( 1 9 ) . 

In most  c ro sses  the F2 s were tal l er t han  the average of  the Fl 

and the mi dparent va l ues . A s i gn i fi cant F2 dev i at i on for p l a n t  hei g ht 

was obs erved i n  the cro s s  CM 408 x P I  386316 . S i gn i fi cant Bl  and B2 

dev i at i ons  were observed fo r pl ant hei ght i n  PI 386323 x HA 2 90 , 

p I  386323  x HA 124 and CM 408 x P I  386316 . Genera 1 1  y there were no 

s i gn i f i cant  Fs , Bl , or B2 dev i ati ons  o bserved for · any of the other 

tra i ts . The data s uggest  l ac k  of ep i stas i s  fo r the tra i ts s tudi ed i n  

these cro sses . 



TABLE 12 . F2 and backc ros s  dev i at i on percentage for pl ant he i ght , n umber of  days to f l oweri ng , number 
of l eaves and i n ternode l ength of  9 sunf l ower crosses g rown at Whi te , South Dakota , i n  1983 . 

No . of Clays 
P l ant he ight  to f l ower i ng No . of l eaves I nternode l ength 

Crosses  F2 B 1 B2 F2 B 1  B2 F2  Bl  B2  F2  Bl B2 
Cros ses wi th P I 386323 

PI  38632 3 
x HA 290 5 9 10* - 1  -2  2 - 3  -8* 8 8 16 2 

HA 302 x 
P I  386323  - 10 8 36 0 1 - 5  -8 -8  0 -1 16* 3 1  

P I  38632 3 
X HA 89 - 7  -4 2 1 - 3  - 1  - 2  1 3* -5 -6* - 1  

P I  386323 
X HA 1 24 5 19* 2 - 1  1 - 1  - 1  12 - 10 5 ' 6 7 

P I  386323 
X HA 301 1 26 -4 - 1  0 - 3  -·5 3 - 10 1 24 2** 

Cros ses wi th P I 386316  
P I  386 3 16 

X HA 301 -6  13  -2  2 - 3  1 3 - 1 1  -4  -6 22* -2  
C M  408 x 

P I  386316  - 1 1* - 18 -7* 1 2 - 1  3 - 2  -4 -10 -16 - 3  
P I  3863 16  

x HA  89  -6  0 -2  2** 1 0 4 2 1 -11 - 3  -2  · 

P I  386316 
x HA 1 24 -1 -8 -9  2* 2 2 2 0 -1 -4  -9  -8 

F2 Dev i at i on Percentage = [�(F1 + MP)-F2]/�(F1 + MP1 x 100 - * , ** i nd i cates s i gn i f i cance  at  the 5% and 
1% l evel of probab i l i ty from the average of  the F1 and MP va l ues . 

B l  Dev i a t ion Percen tage = [�( F 1 + P 1 ) -B1 ]/�( F1  + P 1 ) x 100 - * ,** i nd i cates s i gn i f i cance at the 5% and  
1%  l evel  of  probabi l i ty from the  average of  F 1  and Pl . 

B2  Dev i ati on Percentage = [�( Fl + P2 ) - B2]/�( F1 + P2 ) x 100 - * , ** i nd i cates s i gn i f i cance at  the 5% and 
1% l evel  of probabi l i ty from the average of F 1  and P2 . 

where P1 = mean of l ow parent 
P2 = mean of h i g h  parent 
MP = ca l cul ated mi dparenta l va l ue 

Bl  = mean of the backcros s wi th  l ow parent 
B2 = mean of the backcro s s  wi th hi g h  parent 

w 
� 



35  

Generati on Mean Analys i s 

Anal ys i s of  v ar i a nce of  generati o n  means  for pl an t hei ght , days 

to fl oweri ng , l eaf n umber and i nternode l ength i s  p resented i n  Tabl e 1 3 .  

Onl y  add i ti ve and domi n ance effects were i ncl uded i n  t h e  model . S i gn i 

f i cant addi ti ve and domi nance gene  effects fo r p l ant he i ght were 

observed i n  a l l c rosses  except for P I  386323 x HA 124  a nd P I  3863 16 x HA 

89 , i n  wh i ch onl y the domi nance effect was s i gn i fi cant . A s i gn i fi cant 

res i dual  effect was expressed for crosses of  P I  386323  wi th HA 290 , 

HA 302 , HA 301 and CM 408 x PI 386316 . Genera 1 1  y domi nance geneti c 

effects were of a h i g her magn i tude than add i t i ve genet i c  effects wi th 

the except i on of  PI 386323 x HA 301 and P I  386316  x HA 124 . For number 

of days to fl oweri ng , s i gni  fi  cant add i ti ve and domi nance effects were 

o bserved for cro s ses , P I  386323 x HA 290 and  P I  386 316  x HA 301 and 

add i t i ve effect for CM 408 x P I  386316 . A s i gn i f i c an t  res i dual effect 

was o bserved on ly  i n  the cross  P I  386323 x HA 2 90 .  

Data i n  Tabl e 1 3  for l eaf number i ndi cate a hi g h l y  s i gn i f i can t 

addi t i ve effect fo r cros ses P I  386323 x HA 2 90 and P I  386316  x HA 124 , 

wh i l e  s i gn i fi cant domi n ance effects were observed fo r cros ses  P I  386323 

x HA 290 , P I  386323 x HA 89 , CM 408 x PI 386316  and PI 386316 x HA 89 . 

A s igni fi cant res i dual  effect wa s p resent o nl y for the cross  P I  386323 x 

HA 290 . Genera l l y  s i gn i f i cant add i t i ve and domi nance effects were 

o bserved for i nternode l ength . F i ve o ut of n i ne cros ses were al so 

s i gn i fi cant for res i dual effects . 

Percent of the total g enet i c  vari at i on contr i buted by each 

component fo r p l ant he i ght , number of days to f l ower i ng , n umber of 
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TABLE 1 3 .  Ana l ys i s  o f  vari ance o f  generati on means for p l an t  hei g ht , numbe r o f  days t o  fl owering , 
number of l eaves and i nternode l ength i n  9 crosses of sunfl ower g rown at Wh i te ,  South Da kota , i n  
1983. 

PI 38632 3 HA 302 PI 38632 3 PI 38632 3 P I  386323 PI 386316 CM 408 PI 386316 PI 386316 
Sou rce of X X X X X x X X X 
Var i at i on HA 2 90 P I  386323 HA 89 HA 124 HA 301 HA 301 PI 386316 HA 89 HA 124 

Pl ant hei ght 

B l oc k  9 . 52 337 . 52 51 . 1 0  886 . 28 0 . 15 669. 04* 432 . 39** 5 . 70 12 3 . 02 
Generat i ons 

Add i t i ve 1319 . 09** 1491 . 61** 255 . 43* 967. 94 1761 . 57** 1149. 2 0** 1 3 9 3 . 84** 92 5 . 56 2973. 62** 

Domi nance 162 0 . 33** 1614 . 7 3** 816 . 18** 2 62 7 . 65** 1359. 65** 4151 . 23** 3846 . 54** 2 50 6 . 81** 2654. 24** 

Res i dual 160 . 06* 903 . 34* 34 . 61 338 . 51 524 . 31* 133. 32 1 7 9 . 74* 6 7 . 22 66 . 40 

E rror 28. 16 90 . 95 1 9 . 02 1 5 1 . 97 67 . 42 49 . 57 22 . 49 140 . 22 50 . 14 

Number. of days to f l oweri ng 

B l ock 2 . 52* 35 . 49 3 . 38 5 . 28 0 . 01 3 . 33 4 . 64 1 0 . 43 4 . 46 
Genera t i ons 

Add i t i ve 1 0 . 77* 4 . 00 0 . 69 2 1 . 21 0 . 95 79 . 52** 2 1 .  97* 1 7 . 45 4 . 56 

Domi nance 7 . 18* 1 . 08 1 . 87 0 . 92 7 . 94 1 5 . 97* 4 . 84 6 . 55 40 . 33** 

Res i dual 1 .  34* 0 . 74 1 . 90 2 . 67 2 . 12 3 . 43 1 . 06 1 . 38 2 . 32 

E rror 0 . 22 7 .  77  0 . 62 6 . 15 1. 99 1 .  60 3 . 05 3 . 11 1. 87 

Number of l ea ves 

B l oc k  0 . 62* 1 5 . 97 0 . 01 0 . 84 2 . 51 5 . 75 0 . 53 0 . 01 3 . 92 
Genera t i ons 

Add i t i ve 85. 3 1** 11 . 23 0 . 02 46 . 2 7 0 . 79 1 6 . 7 5  0 . 18 3 . 49 132 . 14** 

Dom i n an ce 1 7 . 94** 4 . 36 8 . 02* 17 . 61 6 . 36 1 9 . 94 1 1 . 95* 2 2 . 65** 1 . 01 

Res i dual 5 . 73** 4 . 83 1 . 36 11 . 74 1 .  96 6 . 49 0 . 61 0 . 83 0 . 57 

E rror 0 . 09 3 . 96 0 . 57 1 1 . 71 1 . 50 3. 05 0 . 85 1 .  47 1 .  27 

In ternode l ength 

B l oc k  0 . 09 0 . 01 0 . 06 0 . 72* 0 . 05 0 . 32* 0 . 70* 0 . 02 0. 01 
Generati ons 

Addi t i ve 1 0 . 47** 3 . 92 ** 0 . 33** 0 . 04 2 . 00** 3 . 2 7** 1 . 66** 1 . 80* 0 . 1 7 

Dom i n ance 0 . 28 1 . 08* 0 . 38** 1 . 27** 0 . 90** 2 . 4 0** 2 . 62** 1 . 2 3* 2 . 93* 

Res i dua l 0 . 32* 1 . 29* 0 . 03 0 . 08 0 . 48** 0 . 47** 0 . 1 7** 0 . 1 5  0 . 06 

E rror 0 . 05 0 . 08 0 . 02 0 . 02 0 . 03 0. 02 0 . 01 0. 14 0 . 07 

*s i gn i f i cant l y  di fferen t at 5% l evel of proba bi l i ty .  
**s i gn i f i ca n t l y  d i fferent a t  1 %  l evel o f  pro ba b i l i ty .  
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1 eaves and i ntern ode 1 ength i s  presented i n  Tab 1 e 1 4 .  I t  i s  s hown i n  

Tab 1 e 14  that dom i nance effects fo r p 1 ant hei ght we re hi g her than the 

addi t i ve effects and ranged from 28% for HA 302 x P I  386323 to 69% for 

P I  386323 x HA 89 . Add i ti ve gene effects were h i g hes t for P I  386316 x 

HA 124 at 39% and 1 owest  for P I  386323 x HA 124  at  2 1% .  Res i dua 1 

effects for cro sses made wi th  P I  386323 ranged from 9% for P I  386323 x 

HA 89 to 47% for HA 302 x P I  386323 . T he h i ghest  contri buti ons to 

geneti c vari ab i  1 i ty for pl ant hei ght were from domi nance effects . The 

res i d ual  effects were m i n i mum except for cros ses of  P I  386323  wi th HA 

302 , HA 124 and HA 3 01 . Cro sses wi th P I  386316  res u l ted i n  hi g her 

domi nance effect than the crosses wi th P I  386323 .  

Percentage of  vari ati on wh i ch contri buted to total geneti c 

vari ati on for n umber of days to fl oweri ng (Tabl e 14 ) s howed that con

tri bu ti on  of 49 , 75  and 75% from the add i t i ve  effects we re observed fo r 

the cro s ses P I  386323 x HA 290 , P I  386316 x HA 301  and CM 408 x 

P I  386316 respecti vel y .  The h i ghes t contri but i on o f  98% from addi ti ve 

effect to the total genet i c  vari abi l i ty' for l eaf  n umber was demons trated 

for cro s s  P I  3 86316 x HA 1 24 . H i g h  contri buti ons  of  66 , 86 and 79% from 

domi nance effect resu l ted i n  cros ses , P I  386323 x HA 89 , CM 408 x 

P I  38631 6  and P I  38631 6  x HA 89 respect i vel y .  Res i dual  co ntri buti ons 

tended to be sma 1 1  er than ei ther domi_ nance or  add i ti ve effects . How

ever , cro s ses  made wi th P I  386323 ha ve exh i b i ted h i g her val ues of 

res i dua l  effects a s  compared to crosses made w i th P I  386316 . 

For i nternode l ength , the add i t i ve effects ranged from a h i g h  of 

89% for P I  386323 x HA 2 90 to a l ow of  2% of the total geneti c vari ati on 



TABLE 1 4 .  Percentage o f  genet i c  vari at ion  due  to  add i t i ve or  domi nance gene acti on p l us  the res i dua l 
for pl ant he i ght , number of days to f l ower i ng ,  n umber of l eaves and i n ternode l ength among generat i on  
means of  9 s unfl ower cros ses grown at  Whi te , South Dakota , i n  1983 . 

P I  386323 HA 302 P I  386323 P I  386323 P I  386323 P I  386316  CM 408 · PI 386316  PI 386316  
X X X X X X X X X 

HA 290 P I  386323 HA 89 HA 1 24 HA 301 HA 301 P I  386 3 16 HA 89 HA 124 

P l ant he i ght 

Addi ti ve  39 26 22  2 1  38 20  24  25  51  
Domi nance 47 28 69 57  29 73 6 7  6 9  4 6  
Res i dual 14 47 9 22 33  7 9 6 3 

Number o f  days to fl oweri ng 

Addi t i ve 49 55 8 70  6 75  73  62 9 
Domi nance 33 15 2 3  3 52 15 16 2 3  78 
Res i dua l 18 32 69. 27  42 10 11 15 13 

Number of l eaves 

Add i ti ve 71 37  0 47 6 30 1 12  98 
Domi nance 15 1 5  66 18 49 36 86 79 1 
Res i dua 1 14 48 34 36 45 34 13 9 1 

I nternode l ength 

Add i ti ve 89 44 41  2 46 46 35 52 5 
Domi nance 2 12  47 83 21  34  55  35 90 
Res i dual 8 44 12  17  33 20 10 1 3  5 

w 
00 
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fo r P I  386323 x HA 124 . Cross  PI 386323 x HA 124  h as demon strated the 

h i g hest domi n ance effect of 90% whi l e  the l owes t  va l ue of 2% was record

ed for PI 386316 x HA 124 . H i gh  res i dua l  effects of 44 and 33% were 

recorded for cro s s es HA 302 x P I  386323 and P I  386323 x HA 301 

res pect i vel y .  The rema i n i ng crosses exh i b i ted l ow res i dual  effect for 

the i nher i tance of i nternode l ength . 

Heri tabi l i t i e s  

Est imates of broad s e n s e  her i tab i l i ti es based o n  three d i fferent 

methods o f  cal cul ati on and na rrow s ense heri tabi l i t i es a re pres ented i n  

Tab 1 e 1 5 . Average broad sense heri  tab i 1 i ty va  1 ues  for p l ant  hei ght 

ranged from 2 9% for cross  PI  386323  x HA 89 to 73% for cros ses  PI  386323 

x HA 290 and PI 3863 1 6  x HA 301 .  HA 3 01 s howed h i ghest heri tabi l i ty 

val ue when crossed wi th P I  386316 as  compared to cro s s  w i th  P I  386323 . 

The est imates  of  broad s ense  heri tabi l i ty were s i mi l a r i n  cro s ses  of 

HA 89 and HA 301 wi th the both  s ho rt parents . Observed narrow s ense 

heri tab i l i ty est imate s were h i g hly  vari ab l e ran g i ng from a l ow of 10 to 

a h i gh  of 1 1 3 . T he average broad s en se heri tab i 1 i t i es  fo r days to 

f l owe r i ng  ranged from 3% fo r cross  P I  386323 x HA 89 to 50% for cross  P I  

3863 1 6  x HA 1 24 . Na rrow sen se heri tabi l i t i es were very l ow as compared 

to broad sense  heri ta bi l i ti es for thi s tra i t .  · 

The broad sense  heri tabi l i t i es for l eaf n umbe r  were agai n 

genera l l y  h i g her than est i mates of  n arrow s en se heri tabi l i ty .  Data i n  

Tabl e 1 5  o n  i nternode 1 ength i nd i cate h i g h broad s ense  heri  tabi  1 i ty 

esti mates for mo st of the crosses . H i gh na rrow sense  her i ta bi l i ty 

estimates o bta i ned for P I  3863 23 crosses  wi th HA 302 , HA 124 and HA 301 
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TABLE 15 .  Estimates o f  percent heri tabi l i ty for p l ant he i ght , number o f  days to f l ower i ng ,  l eaf number and in temode 
l ength of 9 sunflower crosses grown at Whf te , South Da kota , fn 1983. 

Pl ant Hei ght ( em) Days to Fl oweri ng 

CROSSES I I  I I I  y IV I I  I I I  y IV 

CROSSES wi th PI 386323 
PI 386323 x HA 290 72 76 70 73 �76 39 49 42 43 -11 
HA 302 x PI 386323 37 34 26 32 -269 29 -64 -4 29 -162 
P I  386323 X H A  89 39 16 31 29 -95 4 5 3 -42 
P I  386323 X H A  124 37 74 32 48 113 29 43 33 35 -31 
PI 386323 X HA 301 61 9 44 38 10 20 48 18 29 -11 

CROSSES wi th P I  386316 
PI 386316 x HA 301 72 74 73 73 - 122 19 74 35 43 -123 
CM 408 x PI 386316 65 36 55 52 -131 40 16 32 29 8 
PI 386316 x HA 89 67 -16 39 53 -19 28 34 30 31 13 
PI 386316 x HA 124 60 30 43 44 26 43 59 47 50 -49 

Kumber of Leaves I nternode Length ( em) 

CROSSES with PI 386323 
PI 386323 x HA 290 66 67 65 66 2 67 73 
HA 302 x PI 386323 40 33 31 35 ' 55 63 57 
PI 386323 x HA 89 56 55 55 55 2 68 79 

PI 386323 x HA 124 52 90 54 65 141 67 57 

PI 386323 x HA 301 42 62 49 51 28 58 41 
CROSSES with PI 386316 

PI 386316 x HA 301 49 85 61 65 -33 51 64 

CM 408 x PI 386316 72 55 65 64 102 64 61 

P I  386316 X HA 89 56 74 62 64 68 -14 

PI 386316 x HA 124 36 30 18 28 60 70 80 

I - Broad Sense Heri tabi l i ty Method 1 :  h
2

2
• [VF2 - { VP1 x VP2 )�]/VF2 x 100 

II - Broad Sense Heri tabi l i ty Method I I :  h • { VF2 - VFl ) /VF2 x 100 
I I I  - Broad Sense Heri tabi l i ty Method I I I :  h2 • [VF2 - l/3 ( VPl + VP2 + VFl ) ]/VF2 x 

X - Average of Methods I ,  I I  and zi i .  
I V  - Narrow Sense Heri tabi l i ty :  h • [ 2VF2 - ( VBl + VB2 ) ] /VF2 x 1 00  

100 

where VPl , VP2 , VFl , VF2 , VBl and VB2 a re  the vari ances of parent 1 ,  Parent 2 ,  Fl , 
respect i vel y .  

67 69 49 
52 57 90 
72 73 -26 

63 62 100 
52 50 124 

55 57 44 
63 63 27 

40 54 46 
72 74 67 

F2 , Bl and 82 popul ati ons 
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i nd i cate the impo rtance o f  add i t i ve gene a ct i on fo r the i nher i tance of 

i nternode l ength i n  these cro sses . 

Correl ati o n s  

T h e  p henotypi c  and genotyp i c  carrel a t i  ons  among t h e  characters 

studi ed are pres ented i n  Tab l es 16 and 17 res pect i vel y .  Genotypi c  

correl ati o ns were general l y  h i g her  than the p henotypi c corre l ati ons . I n  

some crosses pos i t i ve phenotyp i c  co rrel ati ons became negat i ve geno typi c  

correl ati on s .  Genotypi c  correl ati ons  among  d i fferent  trai ts i n  cros ses 

of P I  386323  wi t h  HA 124 , HA 301 and i n  s ome other cro s s es we re errati c 

due to the negat i ve v al ues o f  paren ta l  covari ances . 

H i g hest  pos i t i ve phenotypi c and g enotypi c  correl at i on s  among the 

c hara cters  studi ed were fou nd between p l ant  he i ght and i n tern od e  l ength , 

whereas h i g hest  negati. ve co rrel at ions  were o bserved between l eaf number 

and i nternode l ength . Strong po s i t i ve corre l at i ons  were obta i ned 

between p l ant  he i g ht and l eaf n umber wi th the excepti on of cro s ses , 

P I  3863 1 6  x HA 301 and  P I  386323 x HA 290 , i n  wh i ch s i gn i fi cant pos i ti ve 

correl ati o n  val ues became negati ve va l ues for genotyp i c corre l ati on . 

Number of days to fl oweri ng wa s s i gn i f i can t ly  n egat i ve l y co rrel ated wi th 

l eaf number and pl ant  hei g ht for cross  PI 386323 x HA 2 90 . However , 

s i g n i fi cant  po s i t i ve p henotypi c  co rrel ati ons  were observed for P I  386316 

cros ses wi th HA 302 , CM 408 , HA 89 and HA 1 24 . Cross  P I  386323 x HA 124 

s howed s i gn i f i cant  negat i ve p henotypi c co rrel at i on between days to 

f l oweri ng and i n ternode l ength . 
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TABLE 16 . Phenotypi c  corre l a ti ons of 4 agronomi c tra i ts i n  9 sunfl ower cross es g rown at Whi te ,  South 
Da kota , in 198 3 .  

Fl ower Leaf no . Hei ght 
Fl ower Fl ower vs . Leaf no . vs . vs . 

Crosses/ No . of vs . v s . i nternode v s . i nternode i nternode 
Generati ons observati ons l eaf no . hei ght l ength hei ght l ength l ength 

Crosses wi th PI 386323 

PI 386323 X HA 290 

P I  386323 14 - 0 . 44 -0 . 19 0 . 12 0 . 47 -0 . 21 0 . 77** 
HA 290 19 - 0 . 15 -0 . 23 0 . 03 - 0 . 19 -0 . 91** 0 . 57** 
F2 407 - 0 . 14** - 0 . 19** - 0 . 04 0 . 13** -0 . 70** 0 . 60** 

HA 302 x P I  386323 

PI 386323 5 - 0 . 73 -0 . 25 0 . 66 0 . 32 -0 . 92* 0 . 08 
HA 302 20 -0 . 13 - 0 . 23 -0 . 04  0 . 47* -0 . 64** 0 . 36 
F2 304 - 0 . 14* - 0 . 08 0 . 05 0 . 04 -0 . 74** 0 . 64** 

P I .  386323 x HA 89 

PI 386323 7 0 . 29 0 . 28 0 . 02 - 0 . 3 0  -0 . 77* 0 . 84* 
HA 89 26 0 . 10 -0 . 21 -0 . 22 -0 . 01 -0 . 63** 0 . 78** 
F2 322 0 . 04 -0 . 05 -0 . 07 0 . 1 6** -0 . 71** 0 . 56** 

PI 386323 x HA 124 

P I  386323 11 - 0 . 21 -0 . 38 -0 . 2 5  0 . 11 -0 . 36 0 . 88** 
HA 124 4 0 . 82 0 . 86 0 . 91 0 . 99** 0 . 97* 0 . 99* 
F2 183 0 . 26** 0 . 09 -0 . 17* 0 . 48** -0 . 45** 0 . 5 5** 

P I  386323 x HA 301 

P I  386323 9 -0 . 15 -0 . 34 - 0. 14 0 . 88** -0 . 70* -0 . 29 
HA 301 13 0 . 70** 0 . 63* 0 . 01 0 . 54 -0 . 40 0 . 56* 
F2 173 - 0 . 04 -0 . 06 -0 . 03 0 . 28** - 0 . 47** 0 . 71** 

Crosses wi th P I  386316 

P I  386316 x HA 301 

PI 386316 19 - 0 . 20 -0 . 09 0 . 06 -0 . 22 - 0 . 72** 0 . 83** 
HA 301 14 -0 . 64* -0 . 12 0 . 63* 0 . 54* -0 . 69** 0 . 23 
F2 464 0 . 08 0 . 09 0 . 03 0 . 42** -0 . 34** a .  71** 

CM 408 x P I  386316 

P I  386316 18 0 . 04 -0 . 08 -0 . 08 0 . 03 -0 . 63** 0 . 76** 
CM 408 19 0 . 59** 0 . 47* 0 . 01 0 . 21 -0 . 50* 0 . 74** 
F2 438 0 . 46** 0 . 28** -0. 13 0 . 26** -0 ; 60** 0 . 60** 

PI 3863 16 x HA 89 

PI 386316 12 0 . 45 -0 . 06 -0 . 39 0 . 59* 0 . 04 0 . 83** 
HA 89 30 - 0 . 18 -0 . 40 -0 . 25 0 . 63** -0 . 38** 0 . 47** 
F2 232 0 . 24** 0 . 31** 0 . 09 0 . 29** -0 . 49** 0 . 68** 

PI 3863 16 x HA 124 

P I  386316 28 0 . 44* -0. 45* -0. 52* -0 . 48** -0 . 81** 0 . 89** 
HA 124 8 -0 . 24 -0 . 68 -0 . 2 1 -0 . 14 -0 . 84 0 . 6 5 
F2 73 0 . 09 0 . 26* 0 . 20 0 . 48** -0 . 2 5* 0 . 72** 

* Si g n i fi cant l y  d i fferent at 5% l evel of probabi � i �y .  
* *  S i gni fi cant l y  d i fferen t a t  1% l evel o f  p robab1 l 1 ty .  



TAB L E  1 7 .  Genotyp i c  co rrel at i ons between 4 agronomi c tra i ts i n  9 s unf l ower cros ses g rown at  Wh i te ,  
South Da kota , i n  1983. 

Leaf Number P l ant  He i g ht 
F l ower F l ower F l ower v s . Leaf Number vs . v s . 

vs . v s . I nternode v s . I nternode I nternode 
C ro s ses Leaf Number Pl ant  He i ght Leng th Pl ant He i ght Leng th Length 

CROSSES wi th PI 386323 

P I  386323 

x HA 290 - 0 . 38 -0 . 44 -0 . 1 1 -0 . 08 - 1 . 07 0 . 57 
HA 302 x 

P I  386323 - 1 . 1 3 -0 . 31 0 . 04 -0 . 31  -2 . 82 0 . 82 
P I  386323 

X HA 89 0 . 01 0 . 18 0 . 1 3  0 . 34 -0 . 92 0 . 51 
P I  386323 

x HA 124 . 0 . 04 38 . 1 8 6 . 85 2 . 31 2 . 23 -0 . 06 
P I  386323 

X HA 301 1 . 73 1 . 22 -0 . 16 0 . 04 - 1 . 02 -0 . 78 

CROSSE S wi th P I  386316 

PI 386316 

X HA 301 -0 . 47 0 . 09 -0 . 17 -0 . 54 - 1 . 47 0 . 86 
CM 408 x 

P I  386316 0 . 7 7 - 0 . 38 0 . 28 0 . 35 - 1 . 1 5  0 . 54 
P I  386316 

X HA 89 -0 . 31 1 . 14 -0 . 24 0 . 09 0 . 78 0 . 72 
P I  386316 

X HA 1 24 -0 . 01 0 . 2 1  0 . 16 0 . 57 -0 . 74 0. 73  

� 
w 
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D I SCUSS I ON 

The ma i n  obj ecti ve of  t hi s study wa s to i nvesti gate the 

i n heri tance of  p l ant he i ght pl us the rel ated agronomi c characteri sti cs , 

days to fl ower i ng , l eaf number and i nternode l ength i n  sunfl ower 

cro sses . E i g ht i nbred l i ne s  were cho sen a nd u s ed to devel op n i n e 

crosses , the i r  F1 , F2 and backcross  popul ati ons , i ncl uded i n  thi s study . 

The parental l i nes  represented a wi de range i n  p l ant  hei g ht , number of 

days to fl oweri ng , l eaf  number and i nternode l ength and were s i gn i fi 

cantl y di fferent  for a l l tra i ts (Tab l es 2 , 3 ) . P I  386316  and P I  386323 

were s ho rter than the other i nbred l i nes  averag i ng 86 em and 94 em 

respecti vel y .  These 1 i nes  a l so had t he s hortest  i ntern ode 1 ength but 

di ffered i n  days from p l an ti ng to f l oweri ng  wi th PI 386323  be i ng four  

days ear l i er than  P I  38631 6 whi c h  was  o ne o f  the  l ates t f l owe ri ng 

parents i n  thi s study . HA 124 was the tal l est  a nd l atest i n  f l owe ri ng  

pl us  it  had the h i g hest  number of l eaves resu l t i ng i n  i nternode l engths 

s i mi l a r to P I  386316 and  P I  386323 . HA 2 90 was a l s o  a ta l l parent bas ed 

on average p l ant  he i ght  and earl i est i n  tenns of days to fl oweri ng wi th 

the fewest number of l eaves . S imi l a rl y  there were s i gn i fi cant di ffer

ences among the crosses  for a l l tra i ts except number of days to f l owe r

i ng and among g enerat i o ns wi thi n a cross  for a l l tra i ts ( Tabl e 4 ) . 

A 1 1  F1s  were ta 1 1  er than thei r ta 1 1  est  p aren t .  The range i n  

hei g ht among  the F1 s was from 157  em for P I  386316  x HA 301 to 126  em 

for P I  38632 3 x HA 89 . HA 89 , HA 301 and HA 124 were u s ed i n  cro s ses 

wi th  both  P I  386316  and PI 386323 . F1s  o f  the th ree cros ses wi th 

P I  386316 as the conmon paren t averaged 148 em wh i l e  those  wi th 
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PI 386323 a veraged 136 em . A commerc i al hybri d was not i n cl uded i n  thi s 

s tudy . However , i n  a test cons i st i ng o f  49  colllTierc i a l  hybr i ds seeded 

two days earl i e r ,  the range i n  he i g ht was from 178 em to 130 em wi th an 

average of 155 em . Hybri d 894 , whi ch  i s  from the cro s s  ems HA 89 x 

RHA 274 averaged 142 em { 15 ) . I t  appears that both  P I  386316  and 

PI 386323 can be used to produce hybri ds wh i ch a re a s  s hort or  sho rter 

than thos e  currentl y avai l abl e . 

Another concern wi th the produ ct i on of  s ho rt hybri ds i s  wi th a 

l os s  i n  l eaf n umber  t hu s  reduci ng the total l ea f  a rea . Data i n  Tabl e 3 

wh i ch  i s  based on observat i ons  of a l l pl ants of  each  pa rent i n  the s tudy 

i nd i cated that for P I  386316 and P I  386323 , the a verage n umbe r of l eaves 

per p l ant was mi dway between HA 124 , whi ch  produced 37 l eaves per pl an t 

and HA 290 whi ch  produ ced 22  l eaves p er p l ant . P l ants o f  P I  386316 an d 

· P I  386323 were s horter because  o f  a reduced i nte rnode l ength rather tha n 

a l os s  of  l eaves . The  crosses  i n  wh i ch there was a s i gn i f i cant  di ffer

ence between Fl and o ne of the parents (Tab l e 6 ) , l ea f  n umbe r of the F l  

equa l ed o r  exceeded the parent wi th  the mos t  l eaves . T h e  o n l y  exception  

was the cross  P I  386316  x HA  124 i n  wh i ch the Fl  h ad the s ame number of  

l eaves as the mi dparent val ue . 

F l ower i ng date i s  another i mpo rtant  con s i derat i on i n  the 

devel opmen t  of coJTJlle rc i a l  s un fl owe r hybri ds . I t  i s  i mportant to have a 

range i n  fl ower i ng dates to fi t vari o us product i on s i tuati ons . 

P I  386323 was s ho rt i n  pl ant hei ght and earl y i n  f l oweri ng whi l e  

P I  386316 wa s 1 ate i n  f l oweri ng a s  compa red to mos t  other parents i n  

thi s study . I n  cro ss es of  HA 89 , HA 1 24 and HA 301  w i th  P I  386323 the 
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average f l ower i ng date of the F1 was 71 days and ranged from 70 to 72 

days after seed i ng (Tabl e 6 ) . There was no s i gn i fi cant di fference 

between F 1  and e i ther parent i n  t hese c rosses . I n  cro s se s  wi th 

P I  386316 , wh i ch averaged 4 days l ater than the P I  38632 3 , the mean and 

range i n  F1s was s im i  1 ar to that of cros ses wi th P I  386323 . These 

resu l ts may have been due to the type of weather cond i t i o n s  experi enced 

dur i ng  fl oweri ng . H i g her than normal temperatures may h ave s hortened 

the fl oweri ng peri od and reduced the observed var i at i o n . I t  appears 

from thes e  data , however , that i t  may be somewhat d i ffi cu l t to obta i n  

l ate fl owe r i ng s ho rt hybri ds . Add i ti o nal  test i ng wi l l  be requ i red to 

confi rm the se res u l ts .  

Heteroti c effects were observed for a l l fou r  trai ts stud i ed but 

the magn i tude wa s h i g her for pl ant hei ght and i nternode l ength (Tabl e 

1 1 ) .  Cros s es wi th  P I  386316  tended to g i ve h i g her va l ues  of heteros i s  

for al l trai ts than crosses  wi th P I  386323 . HA 89 s howed the l owest  

heteroti c effect fo r pl ant hei ght i n  cros ses wi th  the both s hort 

paren ts , where as  HA 301 resu l ted i n  the h i g hest  hetero s i s  on cross i ng 

wi th P I  386316 but the 1 owest effect o n  cross i ng w i t h  P I  386323 .  The 

s ame observat i on can be made by compari ng F1  means  presen ted i n  Tabl e 6 .  

The s ho rtes t  F1  i n  cros se s  wi t h  P I  386316  and P I  386323  i n vo l ved HA 89 . 

By contrast  HA 301  x P I  386323 produced a sho rt F1  of  abou t the same 

he i g ht as PI 386323 x HA 89 . However the cro s s  P I  386316  x HA 301 

produced one of the tal l es t  F1 i n  crosses wi th PI  3863 1 6 . Data i n  Tabl e 

3 s uggest that even tho ug h  P I  386316 and P I  386323 were the s hortest 

parents , HA 89 and HA 301 were al so rel at i vel y s hort . It appears that 
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HA 89 has genes i n  cof11l1on  wi th PI 386316  and P I  386323  control l i ng 

reduced p 1 ant hei g ht .  The data a 1 so s uggest that HA 301 has genes i n  

common wi th  P I  386323 for redu ced p l ant hei g ht but not wi th P I  386316 . 

A l ower magn i tude of the F2 vari ance observed i n  cro s s es of P I  386323 

wi th  HA 89 and HA 301 as compared to cros ses  of  PI 386316 wi th thes e 

p arents (Tab l e 6 }  i s  a l so support i ve of  the a bove  res u l t .  However , 

add i t i ona l  stud i es wi 1 1  be neces sary to confi nn th i s  observat i on . The 

heteroti c effects obs erved i n  thi s study a re s i mi l ar to those of 

Stoyanova ( 34 } , Putt ( 27 }  and Vel kov ( 38) . 

Potence rati o i s  the rati o of  two d i fferences and ha s been 

denoted as ( h } / ( d }  by Mather and J i n ks ( 21 } , where ( d ) i s  the s um of the 

departures of a l l the genes addi ng or s u btract i ng f rom the cha racter i n  

the true breedi ng parenta l  l i ne wi th the g reater expres s i on of the tra i t 

from the mi d -pa rent va l u e . Whereas ( h )  i s  the s um de partures of al l the 

rel evant  genes contro l l i ng a tra i t of an F1 from the mi d- parent of the 

true breedi ng l i nes of the cros s .  

Mather and J i n ks po i n ted out  that a l though h/d provi des a 

mea s u re of domi nance for a s i ngl e gene d i fference , h/d does not prov ide 

a corres pond i ng measure o f  domi nance when mo re than one gene i s  

cons i dered . ( h ) / ( d )  may be very sma l l s i mpl y b ec au se  some of the h ' s  

are pos i t i ve and others nega ti ve , so  1 eadi ng  to a sma 1 1  va  1 ue fo r ( h )  

even though  no ne  o f  the i nd i v i dual  h ' s  a re smal l .  Eq ual l y  ( h ) / ( d ) may 

be l arge because  the genes are so  d i stri buted between  the parental  l i nes 

that they tend to bal ance out one anothers  effects res u l t i ng i n  a smal l 

( d ) . Thus  ( h ) / ( d )  cannot depart from zero unl e s s  one or  more of the 

genes s how domi nance . 
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Potence rat i o  val ues pres ented i n  Tab l e 1 1  s ugge s t  that there i s  

some deg ree o f  dom i nance control l i ng p l an t he i g ht and i nternode l ength 

i n  thes e cros ses . Crosses  wi th  PI  386316 tended to g i ve h i g her val ues 

than crosse s  wi th  P I  386323 . 

The conti nuous  pa ttern of frequency d i stri bu t i ons  of pl ants i n  

the F 2  generati o n s  for p l ant hei ght , days to f l oweri ng , l eaf number · and 

i nternode l ength  i n d i cate mu l t i gen i c  i n heri tance of these tra i ts .  The 

F2  frequency di  s tr i  but i ons  fo r p l ant hei g ht were .fo un d  s kewed towards 

tal l er parents i n  varyi ng degrees , depend i ng on the cro s s es , res u l ti ng 

dev i at i ons  from normal d i stri buti on . The pos s i bl e  reasons  of s kewness  

cou l d  be  domi n ance and hetero s i s obs erved i n  a l l cros ses  for thi s tra i t .  

The wi der di stri buti o n  o f  i nd i v i dua l s observed i n  F 2  po pu l ati on s 

i nd i cate genet i c vari at ion  fo r the trai t stud i ed .  

Bac kcros s  popu l ati on means general l y  ten ded towards those  

observed in  the  recu rrent pa rent ( Tabl e 6 ) .  An  excep t ion  wa s i n  the 

cro s s  HA 302 x P I  386323 i n  whi ch backcro ss i ng to tal l parent , HA 302 , 

reduced p l ant  hei g ht bel ow that o bs erved from backcro s s i ng to the s hort 

parent (Tabl e 6 ) . These resu l ts cou l d  be du e to sma l l popu l ati on s i ze ,  

resu l ti ng i n  a poor est imate o f  the true popu l ati on  mean o r  some other 

u n known reaso n . 

Res u l ts obta i ned from -generati on mean ana lys i s  (Tabl es 13 , 14 )  

demonstrate that domi nance genet i c  effects were rel ati vely mo re 

impo rtant i n  the i n heri tance of pl ant hei ght · i n  mos t  cro s ses . The se 

res u l ts agree wi th those  of Vel ko v ( 38 ) . The  h i g her es t imates of 

domi nance genet i c  effects res u l ted f rom generat i on mean ana l ys i s cou l d  
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be b i ased due to the h eteroti c effects observed for th i s  tra i t .  H i gher 

addi ti ve genet i c effects than the domi nance effects we re o bserved for 

crosses , P I  386323 x HA 301 and P I  386316 x HA 1 2 4 .  

Addi ti ve geneti c effects were more pro no un ced  than domi nance 

effects i n  mos t  cro sses  fo r i nternode length , 1 eaf n umber and n umber of 

days to fl oweri ng . I t  has been reported by Gamb l e ( 1 1 )  and Robi nson 

et a l . ( 29 )  that characters s howi ng g reater addi ti ve gene effects have 

proba b l y  l es s  compl ex i nheri tance , whereas g reater con tr i but i on of the 

domi n ance g ene effects s ugges t mo re comp l ex i nheri tance of the tra i t . 

Add i ti ve domi n ance geneti c model was found adequate for al l the 

tra i ts stud i ed i n  mo st  crosses . Dev i ati on  from the  addi t i ve domi nance 

model as was o bserved i n  several cros ses for pl ant  hei ght and i nternode 

l ength ( Tabl e 1 3 )  cou l d be  due to the nonful f i l l ment of certai n 

as sumpti ons  about the geneti c materi al used i n  thi s study .  Normal 

Mendel i an s eg regati on  of al l el es ,  absence o f  s el ecti on  favori ng certa i n  

gametes o r  zygotes and absence o f  mutati on  a re u s ual l y  assumed _i n  

quanti tati ve  genet i c  model s ( 21 ) . Ma ther and J i n ks ( 21 )  fu rther 

ment i on ed that l ack  of i sodi recti onal  di s tr i but i on of al l e l es be tween 

the two parental l i ne s  can change the geneti c expectati o n  of the means 

and backcro ss  generati on s . These effects cou l d be confounded wi th 

ep i sati c effects . 

S i gn i f i cant res i dual effects for p l ant  hei ght , i ndi cati ng 

devi ati on  from the add i t i ve domi nance model , were observed i n  cross es of 

PI 386323 wi th HA 290 , HA 302 , HA 301 and CM 408 x PI 386316 . Data i n  
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Ta bl e 12 wou l d  support epi stas i s  as  a caus e  i n  the cros s es PI 386323 x 

HA 2 90 and CM 408 x P I  386316 . The epi s tati c e ffects  not detected from 

the generati on  mean anal ys i s  i n  some of the cros ses  may have i ntroduced 

bi as  i n  the esti mates of addi t i ve and domi nance · effects ( 4 ) . 

F2 vari ances for pl ant hei ght and i nternode l ength exceeded 

those of the pool ed parenta l  vari an ces i n  a l l cro s s e s  i nvol v i ng 

P I  386316 and i n  three of the fi ve crosses i nvol vi ng  P I  3 86323 . I n  the 

two crosses  i n  wh i ch there was no d i fference between the F2 vari ance and 

the pool ed parental var i ance , the vari ance for p l ant  hei ght of the ta l l 

parent eq ual ed o r  exceeded the observed F2 vari ance . However ,  the 

magn i tude of the F2 vari ance was s imi 1 ar to those  obs erved i n  other 

crosses . 

The test  un i ts i n  th i s  study were i nd i v i dual  p l ants i n  

· segregati ng  and  nonsegregati ng po pu l ati ons . I n  a nonsegregat i ng 

homogenous popu l ati on such  as an  i n bred l i ne ,  any pl ant  to pl ant 

vari a ti on i s  con s i dered to be envi ronmen ta l , because for a l l practi cal 

purposes each p l ant i s  a geneti c dupl i cate of the other . The preci s i on 

of the measu rement i s  dependent on the n umber of p l ants observed . I n  

several of these cros ses  the n umbe r o f  parental pl a n ts was l es s  than 1 0  

a nd because o f  s tand probl em these p l ants were n o t  bordered .. Th i s  

s i tuati on  cou l d have resu l ted i n  a n  t nfl ated est ima te o f  the pa rental 

vari ance . By contrast  a popu l ati on of F2 pl ants der i ved by cro s s i ng two 

homozyzous  l i nes , i s  both heterozygous  and heterogenous . I t  i s  poss i b l e  

for every F2 pl ant  to b e  geneti cal l y  d i sti nct depend t ng o n  the n umber of 
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genes i nvo l ved and po pu l ati on  s i ze . The pl ant  to p l ant  v ari at i on i n  an 

F2 i s  due to g eneti c ,  env i ronmental and g enotype by envi ronmenta l 

i n teract i on . The env i ronmen tal effec ts a re a s s umed to be the same i n  

the s egregati ng and nonseg regati ng popu l at i on s . S i n ce a n  F2 pl ant i s  

un i que and cannot be dup 1 i cated , except by asexua 1 mea ns  , there i s  no 

way of est imati ng  the impact of the env i ronmen t or the geno type by 

envi ronment i nteracti on on  an  estimate of  geneti c var i ances . The effect 

of a s i gn i f i cant genotype by env i ronment · i nteracti on  on a geneti c 

var i ance i s  usual l y  to be bi ased i t  upwa rd ( 8 ) . I n  add i t i on  the genet i c  

vari ance conta i ns the addi t i ve , domi nance , ep i stat i c p l us  thei r 

i nteracti ons . Fo r these reason s the observed var i ances  of the s eg re

g ati ng popu l at i o n s  s hou l d be cons i dered as max i mum va l ues . In add i ti on 

t he observed vari ance  of the bac kcro s s  popu l ati ons  are questionab l e 

because of the sma l l n umber of  p l ants . 

Est imates  o f  broad sense heri tabi l i ty ca l cu l ated by three 

methods for p l ant he i g ht , days to f l oweri ng , l eaf  n umber and i nternode 

l ength are pre sented i n  Tabl e 1 5 .  The est imates vary f rom o ne method to 

the other for i ndi v i dua l  cro ss es d ue to d i fferences i n  vari ances of the 

non- seg regati ng popu l ati on s . Lower est imates o bta i ned i n  some crosses 

by Method I ( 16 )  are due to h i g h parental var i ance . Wh i l e  h i g h  F l  

vari ance obta i ned i n  some c ros ses res u l ted i n  l ower est imates of 

her i ta bi l i ty cal cu l ated by Method I I  ( 3 ) .  I n  s i tuati o n s  where the 

non- seg regat i ng generati on s exh i bi t  a h i g h  deg ree · of  envi ronmental 

vari ance , as observed i n  thi s study , the method p ro posed by Al l ard ( 1 )  
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s hou l d be the better est i mate because i t  ut i l i zes  F1 and parental pl ants 

to est i mate the env i ronmental v ari ance . 

Bro ad sense  heri tab i l i ty for pl ant he i g ht averaged over cros ses 

was about 45 percen t for cros ses wi th P I  386323 and  a bout 5 5  percen t for 

cro ss es us i ng PI 386316 . Broad sense  heri tabi l i ti es of i ndi vi dual 

cros ses ranged from 29 to 73  percent , 3 to 5 0  p ercent ,  28 to 66  percent 

and 50 to 74 percent for pl ant he i ght , days to fl ower i ng , l ea f  number 

and i nternode l engt h  respect i vel y .  S i m i l ar ranges  for  the esti mates of 

broad sense heri tab i l i ty for pl ant hei ght have been reported by Vel kov 

( 38 )  and F i c k  ( 10 )  from stud i es of s hort and tal l i n bred l i nes . The 

estimates reported by S habana ( 3 2 )  for p l ant  he i ght , number of  days to 

f l oweri ng a nd l eaf number are comparat i vel y h i gher  than those  obta i ned 

i n  th i s s tu dy .  

Narrow sens e  heri tabi 1 i ty estimates obta i ned for p l ant  hei ght , 

number of days to fl oweri ng and 1 eaf n umber  a re errati c and i n  some 

crosses have no va l ue . However , the est i mates obta i ned fo r i nternode 

l ength are compa rab l e  to broad sen se heri tabi l i ty e s t i mate s . A very l ow 

magn i tude of narrow sense  heri tab i l i ty estimates fo r p l an t  he i ght have 

a l so  been reported by Fi ck  ( 1 0 ) . Lower e st i mates obtai ned i n  thi s study 

are due to h i gher bac kcross vari ances observed i n  mos t  cr6 s ses , wherea s  

the method i n vol v i n g  F 2  and backcross  vari ances req u i re a comparabl e 

range of heterozygo s i ty i n  the F2 and bac kcro s s  popu l at i o n s  ( 3 ) . 

Phenotyp i c  and  genotypi c  co rrel at i ons  pre sented i n  Tabl es 16 and 

1 7  revea l ed that g enotypi c  co rrel ati ons  we re genera l l y  h i gher than the 

phenotyp i c  correl ati ons . Low phenotyp i c  correl at i on s  may be due to 
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mas ki ng o r  modi fyi ng effects of  the envi ronment o n  expres s i on of geneti c 

a s soci ati on  between the characters ( 41 ) .  Genotyp i c  correl ati on s among 

d i fferent tra i ts i n  c rosses of  PI 386323 w i th HA 124 , HA 301 and i n  some 

other cros ses  were errati c due to the negat i ve va l ues . o f  parental 

covar i ances . Such  res u l ts i nd i cate the n eed of better contro l  of 

env i ronmental  vari a nce  and/or genotypi c envi ronmen tal  i nterat ions . 

Pos i t i ve . p henotypi c  and g enotypi c  co rrel a t i o ns be tween pl ant 

hei g ht and i nternode l ength , p l ant he i ght and l ea f  n umber an d negati ve 

correl a t i on s  between l eaf n umber and i nternode l ength  suggested that 

se l ecti on for s ho rt i nternode cou l d  be p ract i ced to red uce pl ant  hei g ht 

wi thout  reduc i ng the l eaf n umber . Po s i t i ve p henotyp i c  correl ati ons 

o bserved between p l ant  he i g ht and days to f l oweri ng i n  cro s s es i nvo l vi ng 

P I  386316  suggest that se l ecti o n  o f  earl y f l owe r i ng  s hort i nd i vi dual s 

wou l d  be poss i b l e  i n  these crosses . 

When thi s s tudy wa s i n i t i ated i t  was ho ped that the short pl ant 

hei g ht of PI 38632 3 and PI 3863 16 wa s due to few n umber of  domi nant 

genes , perhaps even one . The data s uggest t hat ta 1 1  ness  i s  

quanti tati vel y con trol l ed wi th  rel ati vel y strong domi nance effects and 

heteros i s .  However , re 1 at i ve 1 y few genes cou 1 d b e  i nvo 1 ved becau se of 

the ease wi th wh i ch the sho rt recurrent parent i s  recove red w i th one 

backcross . To use  thes e  i nbred l i ne s  i n  the product i o n  o f  s hort hybri ds 

i t  wi l l  be neces sary to i ncorporate g enes contro l l i ng pl ant  he i ght i nto 

three l i nes ; the cytop l asmi c mal e s teri l e ,  the mai nta i ner or B- l i ne and 

the res torer . I t  appears from data on bac kcro ss popu l at i on s  (Tabl e 6 )  

that th i s  wi l l  b e  po ss i bl e  by s u cces s i ve backcro s ses . However , i t  may 
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be eas t er to cont i nue l ooki ng fo r a genet i c  sou rce of s ho rt pl an t hei g h t  

contro l l ed by a domi nant gene . I t  may a l so  be pos s i b l e  to devel op even 

s horter pl ant types by i ntercro ss i ng P I  386323 � P I  386316 � HA 89 and HA 

301 . Future stud i es wi l l  be necessary to confi rm thi s pos s i b i l i ty .  
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SUMMARY 

Parenta l l i ne s , Fls , F2 s and backcro s s  popu l at i on s  i n  n i ne 

s unfl ower crosses  were used to s tudy the i nher i tance of pl ant hei g ht �  

number o f  days to f l ower i ng , l eaf n umber and i nternode l engt h .  Res u l ts 

from thi s study showed hetero s i s fo r tal l ne s s , ear ly  f l owe ri ng , greater 

number of l eaves and l onger i nternodes .  

The F2 generat i on s  had a wi der d i stri bu t i o n  o f  i nd i v i dual s than 

any other generati on  for p l ant he i ght and other trai ts , s uggesti ng 

geneti c vari ati on  fo r these  tra i ts .  The  conti nuous  frequency 

d i stri bu t i on s  of pl ants  of the segregat i ng g enerat i on s  a l so  s ugges ted 

mu l t i geni c i n heri tance . Generat i o n  mean ana lys i s i nd i cated a h i g her 

magn i tude of domi nance effects than add i ti ve effects for p l ant he i ght ,  

whereas a varyi ng response  to these effects was observed i n  d i fferent 

crosses  for the other tra i ts .  The backcross  means  were tend i ng towards 

the recurrent parent  i nd i cated that there were rel at i ve ly  few genes 

control l i ng pl ant hei ght and that the de s i red characters cou l d  . be 

i nco rporated by s ucces s i ve backcros si ng .  

H i gh l y s i gn i fi cant pos i t i ve correl ati o n s  between i nternode 

l ength and p l ant he i g ht ,  l eaf n umber and  p l ant  he i ght  and h i g h ly  

s i gn i fi. cant negati ve co rrel ati on between l eaf  n umbe r and  i nternode 

l ength reveal ed effecti veness of sel ect i o n  fo r s hort i nternode l ength to 

reduce pl ant he i g ht . 

A wi de range of broad s ense  heri tabi 1 i t i es  obta i ned for the 

tra i ts u nder s tudy al s o  i nd i cated g reater amoun t  of geneti c vari abi l i ty 
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i n  the segregat i ng popu l ations , wh i ch s uggested the po s s i bi l i ty of 

s el ecti on for des i rab l e g enotypes . 

I nbred l i ne HA 89 s howed m i n i mum hetero s i s  and  l owe st  Fl means 

i n  crosses  wi th PI  386316  and PI  386323 .  S i mi l ar respons e  was s hown by 

HA 301 on  cro ss i ng wi th P I  386323 , wh i ch i nd i cated t he pro s pects o f  

u s i ng these parents to devel op short a n d  earl y f l owe r i ng hybr ids . 
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