
ESTIMATION OF THE HERITABITITY
AI\D GEI\{ETIC VARIATIOi\

M{ SUNFI.OWER (HELIAAITHUS INNUL/S L.)

J. A. KESTELOOT 1, J. HEURSEL 2

ANd F. M. PAUWELS 3

INTRODUCTION

The most important oil crop in Argentina is
sunflowen (Helinnthus qnnuus L.). Irr the last
yeers, North Ameri,ca and Eunop,e have grea,tly
increas'ed th,eir cropping area.

Inf,,ormation ahout g,enetic variance an,d h,eri-
tability'in sunftroryser had beein rep,o,r'ted by few
authors (Kovâèik and Skatoud, 19Tg.
Lu c zk i e w ic z, 79?'3, M,ar I n k o v i é, tl|gg2,,
Ornran et a1., ,19?,G, Path ak, ,1g,74, putt,
1966, Roath et at., 1gBi2, and Shabana.
1974). Inf,onmation is limited to eight crharac-
ters which can be measuned duning or af:ter
fl,owerirrg.

The ohjectives of this work were : 11) to
fiin'd ,tfrre relatinre imporbance ,of the GCA. SCA
an'd RE (:ieciprocal ,erffects), ând 2) to find
narrow sense h,erilahility ,estrirnates for thirty
chan:acters, thirteen of them rneasuirarble iin the
vegetative stage.

With thiis inf,ormati,on it would ,be pqssi,ble
to choose a more appropriate breedinrg method
ând to know wh:ich crulùivars will produce rnorre
extreme valu,es f,or the selected oharacter. If
indirect ;setrecti,on for lrrigh yield wjlil ,be mad,e,
anrd i,f there is an tresitation about two ch,arac-
ters, the knowledge of heritability wilt be one
of tùre judgernent dl,ements to berar in mind.

MATERIALS AND METHODS

,Seed of five ltin,es (CCM 6111, ?CMg9, Cpg3,1,
C 704 ârld C,1l0V), each of them in the stenile
(Snr) and f,ertiXe (Fbr) f,orms, were obtained
from INRA (Institu,t National de Ia rRechenche
Agronomique) Clertnont Ferrand, France. Tlhev
were crrcssed ,in all conabinati,ons in the rga:eerr1
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house. Seed ,of ,alll the ûrybr"ids and pure lines
were coltrected. The seeds frorn the cr,oss ?CMgrg
(Srr) \ CP 313)1 (Frr) whricrh diid not have
enough rdormancy, ùrad an ir,re'gular gerrnina-
tio,n on the fi,eld rand had ûo ,be eùinainated
from the anallysis of tLre diallel cnoss.

îhe F1 and pure lines wene s,ow,ed at the
Rijkstati,on voor Plantenveredelring in lMerel"-
beke, Belgi,urn, ,on May g, ilg?g. Th,e experti-
m'etal [,ay,out was a r,andomized ,complete blocJ<.
with 4 replications ,of 19 hybri,ds ànd b puré
lines. At the end of each ltne in each piot,
,ori' 4 seeds of ,fertile pLanrts \ffere sown tog,e-
tiher. The expenimental fidld was also stlffilo-
unded by herma,p,h::odrite p.lants. EacLr plot was
,f'ormed by '3 r,ows, fbut onty Z plants in the
,central row were measure,d.

Trhe data of the,inoomplete dialllel cross were
,antalysed aocording to the fixed rrnodel of Keuls
'and Garretserr, 1g7û, and Garnets,€n and Keuns.
1978:

yijk : p+À*i+ l,*jJ_ S*zi* r* û *eur* ': den,otes ttr,e roduc,tion of the para_
meters,

p : general m,eân lev,el,
À(j) : the GCA of the ith (jih ) parent,

'Se, ': the SCA f,or ttre cr:oss hetween the
irh and jth parents,

.T,tl t: the rreciproaal effects,
êd176 - erirOn ,tefm,

The ùrerihbility valu,es wer,e ,oalc,ul,ated by
using variance estimatels o'f tlhe GCA. ,SCA. RE
and error, with tltre assumptions i;krat É:rL
(F:ooeffricient o,f inhreed,ing) and that ep,ista-
ti'c compo'nents of genetic valiance were negli_
gible (Garretsen and Keuls, 11g?A).

'2 oT{,Ah-
2 o?çCa1o?SCA* ozRE* o2error

o?GCA .: v,ârrien,oe estirnati,on ,of GCA,
oZSCA : varianoe estirnation of SCA.

o2RE - var,ian,oe estim,ation of RE.
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RÊSULTS

Each pure lirte and hybrid were very unii-
form in phenotype wLr'en'obs'erved in the frield'

Signifioant d'ifferenoes dor all ttr'e charac-
ters measur,eù an'd low coefrficient of variati'on
for most of 'thern were forund (Table '1).

Highly significant GCr^A'-mean squanes \Mer'e

found tor tfre trhirty c,haracters under stu,dy
(Table 1), except for ,dry leaves weight" that
Èad only signifli,camt GCA-rnean squares' The

SCA-mean squâres were highty significant for
18 ch,ar,acters ând si,gni,fùcant for 4. The 'charac-
t,ers "length of cotyledon", "wi'dth of c'otyle-
don", ",fli51anc,e 'from groun'd level to ootyl'e-
don", "'di'stanoe 'between leaftips of first I'ea-
ves", "length of first leaf", "width of first
leaf", "lengtft of petiole of first leaf", "height
of plant (one month)", "length of largest leaf",
"leirgth by width of largest leaf", "number of
leavés", 'inumber of green leaves at harvest"
and "green leaves at harvest/number of leaves"
had at least significant RE-mean squares.

Table 7

me.ùn square of error, as an estimation of heritability
square

characteristics

1. Length of cotYledon

2. \,Vidth of cotyledon

3. Distance from ground level
to cotyledon

4. Distance between leaftiPs
of first leaves

5. Length of first leaf
6. rvllidth of first leaf

?. Length of Petiole of first
leaf

8. Height of Plant (one month)

9. Length of largest leaf

10. Width of largest leaf

11. Length by width of largest
leaf

12. Length of Petiole of largest
leaf

13. Number ol leaves

14. Date of flowering
15. Height of Plants
16. Angle of Peiiole of largest

leaf
1?. Diameter of head

18. Diameter of sterile centre

19. Dry leaves weight
20. Dry stem weight
21. Dry head weight
22. Dry head and stem weight

23. Total drY weight
24. Number of green leaves at

harvest
25. Percentage of grain humidity

26. Number of seeds

2?. \Meight of 100 seeds

28. Green leaves at harvest/
number of leaves

29. Ratio: seed Yield/total drY
weight

30. Seed Yield

value GCA, SCA and RE, and

À
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0.0033

0.003

0.06

0.29

0.03

0.01

0.01

2.7

0.32

0.44

695.0

0.14

0.0011

0.003

10.0

6.0

0.21

0.23

2.55

7.9

3.?3

16.7

29.0

0.016

1.2

0.56

0.02

3.9

0.0003

9.5

0.51

0.40

0.65

0.34

0.28

0.59

0.40

0.66

0.75

0.80

0.73

0.81

0.8?

0.75

0.24

0.52

0.55

0.83

0.26

0.61

0.55

0.41

0.28

0.58

0.83

0.75

0.60

0.62

0.33

0.28
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6

I
6

5
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2

2
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B

I
I

10

I

5

6
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B
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Ttre dimension of the GcA was 4, of the scA was 5, of the R,E was 9 and of the Error was 54

r+ significant at the P4 0.01
* siÉnificant at the PZo'05

Mean | "square 
I 

vatue
Mean I I'
square I value

0.228 | ?0.1**

0.16 I 49.3**

2.24 | 37.4+*

7.32 | 25.2**

0.?6 | 23.8+"

0.90 | 53.3* *

0.31 | 19.2**

182.0 | 67.7**

7.66 | 23.4+r

9.85 | 22.4**

3.83 | 25.7**

0.215 | 195.0**

0.107 | 35.7*f

436.0 | 43.6*l

75, I 12'5*-*

4.34 | 20.4**

4.41 | 18.9**

7.45 | 2.87*

224.0 | 28.2**

19.6 | 5.24**

218.0 I 13.1**

208.0 | 7.1**

0.5 | 30.9tr

70.2 | 60.9+t

16.15 | 28.8**

1.37 | 52.1**

0.001? | 5.65+*

109.7 I 11.3* *

0.069

0.08

0.31

D.U

0.62

0.35

0.13

20.3

0.84

0.85

1492.0

0.27

0.007

0.006

11.3

5.4

0.22

0.25

4.73

15.5

41

29.3

21.2**

25.2**

5.2**

17.3* *

19.7* *

21.1* *

8.52* x

7.5* r

2.57*

1.90

2.14*

1.85

6.5+ *

2.0

1.13

0.9

1.1

1.1

1.8

1.9

1.1

1.8

l. I

2.2*

1.3

1.8

1.2

2.6*

0.029

0.01

0.40

0.?3

0.08

0.04

0.08

32.6

0.45

0.29

611.0

0.29

0.014

0.015

285.0

24.4

1.39

0.35

2.69

55.5

5.8

89.9

114.0

0.14

7.2

2.t7

0.40

20.3

0.0008

62.6

2.5*

2.54

2.3

4.9* *

l2.l**
1.37

0.66

0.88

1.95

12.3* I
5.0* +

28.5* *

4.0**

6.5* *

1.5

1.0

6.9* *

1.56

3.9i*

8,7**

6.3r*

3.9**

15.3*r

5.2*+

2.64**

6.6+*



In tÀe ANCVA of ,,se,ed yiel,d,' (Table 1), theF valu,e of GrCA was 1.T ti.m,es high,er tih,a.nthe F value of SCA. If the ANOVÂ is done
inll.uding the parents (Tabl,e ?) the F value ofSCA. w,as 5 'timies higher than that ,of G,CA.In both calcuilat.io,ns tLre SCA grrr" 

""ry signti_
f ic,ant dif f er:,en,c,^s (p -< 0. 01 ).

Table 2
Analysis of variance for seed yield of an incornplete

diallel cross, selves includeril

Table 3
Values of GCA for each pure line and SCA for each

** significant at the p20.01.

Cornparing 'both analyses it is p,ossirble to
con'clu,d,e, for the 5 pune- liines, th,at'inbrreeding
wjas. nol sol,ely r.esponsible fon the signifi,cancËoI th,e. SCA. Using the Bonferroni t_teîst (M i I _

l_er, 1966), two,comparisons wer,e rnade (Ta.-ble 3) : ,onie to deteèt signi,ficanf ,àll]"""^".*
from zero f,or the rGCA oï ea,sh ,lhË.-,and tÀ,eother to test the eff,ects of th,e SCÂ m eac,f,sross. In the f,irst oomp,arison, it was fo,undthat the purie line_ _C,Oi{ 6111,' with negative
v.alue, anrd the ? Cy glg, with p,ositive îalu,e,
deprarted sirgnifi,cantly r(p-<0.0b) 

^,"roa very sig_
niificantùy (P-<0.01) r.espectively from zero. fn
ll" 9".,o".q a_oqq,?rryon, it was foun,d that o,n1ythe hybrid 7 CM 99 X C 10 V h,ad posit,ivô
highly significant interactions.

v-arieties would produce niore extneme vallueS
t'hran -popul,atiorn v-arri,eties, tkr,e,former happe_ned for most of the characters stu,died.
,.J"h" RE pay b,e attnibuted to: 1) overall
drtre,ren,ces b,etween mal,e and fernale parents
(GRE, generaiJ. rrercipïo,c,a.l effects), and/ôr 2) aremainder, whi,oh measures the driff,erenoes
betw,e,en the r.e,cipro,saJ. c,ro,sses ,firom p,airs ofparents (SRE, specifi,c recipnooal effecis). Oneor bot_h sources of variation had ,a hig inf1,u_
en'c'e in ,all the characters rneasured in theyourng sunflower plant, but they w,ere almost,absent in th,e cùlara,cters me,asùred after the
st,ar ,stage.

The rela,t'ive,m,agnitu,d,e of the GiCA and SCAfor the c,hanacters ,,height of plant',, ,,di;ame,ter
of he,ad*, "weigrht of séeds,,, 

-,,s€€d yield,, and"dat.- ,of flowering,, were stud,ied iby p u t t
(19166). The r,esult,s ,obtained in hris work coin_
çj1ç,-. except fo,r "date ,of flowering',. putt
(i966) liound veri,anc,e es,tiimati,oins ,oith," ,a*u
tnagnitud,e for GCA and SCA. We found a
more important GCA variance estimation thanthat of SCA whic,h is ùn aocord,ance witrtr trhe
resulbs found by R o ,a t h et a[. (19812). M a -rinkovié (1982) studied thà ,ofianaqter
",height of plant',. His nesults agree with theresults oibt,ained in t,his work. H,oivever. for the
sharacter "numb,er ,o,f l,eaves,,, fre torira-UrÀi
th'e estim,ation orf ,th,e alonadditive sowrces ofvariation were rnore important than the add,i_tive on,es, whi,ch is in oppositi,on to th,e nesults
pres,ented here.

rFor th,e oharacters with low heriitability itwill ,b,e ;m,or,e interesting to use a selection
q"lhrd- that gives ,as rnuch info,r.rnration as pos_
sibl,e arb,out eaoh select,ed materi,arl (e.g. : S1
selection). With ihigh values ,of herritabiili,tSl
m,ass sel,e,ction will give good advances, at 

-a
lower cost. Th,e heritàb,ttitf 

"suÀ"tÀs, 
obtainedby other workerrs for thé 

"fr,"ru"tËr! 
,,length

by wiCth of ùargest le,af,, (S f, 
" n ,,, a, lgl4),"numrber of leaves" (L,uc zklewa,cz, 1g78',

T9 S-,h ,a. b,a n ,a, l'g74) .and ,,numtb,er of seed,s',(5 h e. P.r.r r,- 79t74, and O m r a n Et ,a1., 19Z6)ane wiithin the r,ange of va,lu,es found in thiswork. For the crh,aràcters ,odate ,of ilàw"oirg,,
(Ornr.an et al., 119Z6, Sharb ^r à,,1gT,4, afra
f. o a.t h. ,9! a1., [ 9E,2), ,;diameter of Éàa,, '1,e 

a _thak, 797,4, Omrân,et aJ., 11g76, and Sha_
P^?Tr, 7?7,4), ,,weight of seâds,' ('Sh;bana,
il 974, ,and O m r a n et al., tltgi7 ) and ,,seed
yigl{" (S h a ib a,n a, t97,A, ;nd, O É ra n et a1..,
r1 976) tùre r,esul'ts are not in accondanoe. This riÉprob'ably due to the use of d;i,ffer,ent estimratrionrnethods, pl,a,nt rnaterial and expénirnental
lay-out.

The con,clusions o,f trhis work are : (1) REt,end,to dtisappe,ar af,ter trhe star ,stag;e, idy f,or
zra c,n,ararct,ers, h$brird va-rieties wilL pnodr:,ae
rnor,e extreme va.Iu,es th,an populattion vàrieties,
3nd (3) sdlecting for yield'currponents. ,,num_

9,91 
ot,seed,s" ig nryb-ably th,e most irrteresting

-char.acter, due to ,the high vatrue of GCr.A, in nel
lattion to the other genetic souroes of vàriation.

Values of
pure
Iines

ccM 611

7CM99
CP 331

C IO4

ClOV

GCA

-3.31*
7 .7 4*E

.4r

-r.l 
I

3.49

0.69

3.33

c10v

6.23+ *

-0.82
7.49**

r:iËliii:âîliy $iiï:ffif âf ftË f:ti iËïsi

DISCUSSION AND CONCLUSIONS

. 'Open poliinated varieti,es ,o,f sunfl,ower willbe more us,ef'ul th;an hybnid vartietieÀ for the
ch,ara,cbers that had no ijgnificant mean squa_res o,f R,E and SCA (e.g. : ,,diameter of sterile
centre"). If one or botrh of th,ese soul:oes of va_
ri,ation h,ad sig,nrifioant ,meên squares, hybrid

Source of
variâtion

19
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TSTIMATIÔN DË L'HIIRITABILTTÉ ËT ÔE LA
VARIATION GÉNÉTIQUE CIF^E,Z LE TOURNESOL

Rësumé

Cinq lignées autofécondées de tournesol ont été

cro-is?Ës 
-àî"t 

"" 
système diallèle incomplet et des

."-târoâo"aàtions on1 été effectuées' Des -estimations
âé t rro.it"uilité en sens restreint et de l'analyse de

l" 
"uii""à" 

des croisements diallèles ont été-obtenues'
;;-âô' ;;tâctères. on a déterminé des -effets reci-

;;ô"; Ë;-;;il .lèJ caractères analvsés au stade

à"- brat ttit", ceux-ci étant toutefois presque absents

;;d-G;1;ractères analvsés après la formation du
bouton floral.

Des valeurs de I'héritabilité de 0,65 ou- plus impor-
t".tt"s o"t été obtenues pour les caractères : la dis-
i""iËa" niveau du sol jusqu'au cotylédon' la hauteur
il^-ùîaniu-iaee" de-l mois), la longueur de la
Ëi,t"-ei;â" tà"]rr"' Ia largeur de. Ia plus grande

Ïeuille] le rapport longueur/Iargeur. de- la plus grande

f;iil;; la lôÀgueur âe petiole de Ia glus grande

i;iii;: r" noÀËt" des feuilles la date de la floraison'
i;-a;it;1.; de la zone centrale stérile du capitule'
ià i- "" 

-4" I'humidité des graines et le nombre de

celles-ci.

ESTIMACIÔN DE LA HERITABILIDAD Y DE LA

VARIACIÔN GENETICA DEL GIRASOL

Resûmen

Se han cruzado cinco lineas consanguineas de gira-

,of 
".t 

,-,tt sistema dialela incompleto y se han efectu-

aào autofecundaciones. Se han obtenido estimaciones

âË-fa it".itaUilidad en sentido restringido y del anâli-

il d" it ;riaci6n de 1â cruces dialelas' para 30 ca-

racteres morfolôgicos.
Se detectaron efectos reciprocos para -todos 

los ca-

,""1""", analizados en estadio de plântula' pero éstas

fueron casi ausenies para los caracteres analizados

à"tp"et de la formaciôn del botôn floral'
Valores de la heritabilidad de 0'65 o mayores se

oUirrrri"ton para los caracteres : distancia desde el

nivel del suàlo al.cotiledôn, altura de la planta (a un

;ô, i;ilit"a a" tu mavor hoja, amplitud de la ma-
;;;'h;i;: la relacion lônsitud/amplitud de la mavor
"h;;;'"i&ett.,â-'â'"î-p""io"ro de la mavor hoja' el

nrimero de las no:asi ra-tàcha del- fl-orecimiento' eI

diâmetro de la zoni' centrat estéril.-del capitulo' el

ËàîïLîiJ:i" àe-ia humidez de las semillas v el nûmero

de semillas.


