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MATERIALS AND METHODS

Beside tlne peti'olori's crns, the following new
sources have been studied at Fundulea:

- Kuban 1-?0, and VIR-126 M, discovered
by An'aschenko 'in 1974 (Mileye-va
and Anaschenko, 1976; Anaschenko,
lg77), and originated from a cross of H. Ientt'-
cularts (wild subspecies of H. q,nnuus L.) with
the cultivated sunflower.

- CMG-I, CMG-2 and CMG-3, rePorted bY
Whelan (1980) and Whelan and Dedio
(19S0). They ar'e open pollinated co'r-nposites of
partiai interspecific substitution of the nucleus
àf cultivated sunflower into the 'cytoplasms of
the annual species H. petiolaris Nutt., and the
perennial species H. giganteus L. and H. ma-
æimzliani Schrad.

- Indiana-l, obtained by Heiser (1982)

crossing a single male sterile plant in a popu-
lation ôt wita sunflower H. snnuus ssyt. lenti-
cularis Ckll. with the cultivated sunflower' The
most important st'erility maintainer has been
the inb,red RHA 265, which is known as a

good pollen fertility restorer of the peti'ola-
ris cms.

The new Rorrnanian cTns source was identi-
fied in the nursery of :surlftrower 'intra an'd

interspecific hybrids at Fundulea in 1983. It
came from the open pollination of 'a H. an-
nuus L. ssp. teranus ,accession. The r'espective
hybrid mJIe sterile plant, 2-2.5 m tall, with

"n intense antho,cyanin pigmentation, had
well developed branch'es with inflorescences
on the whole ,stem. Sorne heads were crossed
to 3 inbreds of the cultivated sunflor'r'er
(Fig. 1). The F1 offsprings consisted ,mostly of
steiile plants. Some of theim, as well as cer'
tain feriite plants wer:e used in hybridological
studies and 'as sources for obtaining male ste-
rile o.r restorer inbreds.

Morphological and cytological stu'dies con-
cerning the anther development of the sterile
heads were carried out.

Crosses for gen'etic studies were performed
in the field in 1984. The F1 $eneration was
obtained in the greenhouse over the winter
1984-1985, and the F2 generation resulted by

INTRODUCTION

The first commercial sunflower hybrids
were obtained on the basis of genetic male
sterility with anthocyanin pigmented male fer-
tile plants (LecIercq, 1966; Vrânceanu
and- Stoenescu, 1969; Vrânceanu
1970). Froduction of hybrid se'ed by this system
has been however quite 'diffi'cult, due to the
necessity of removing the fertile plants from
the female rows to obtain complete hybridi-
zation with the male parent. The discovery by
Leclercq (1969) of th'e first cytoplasmic
male sterility sour:ce, originated from a H. pe-
tiolaris Nutt. x ,cultivated H. annuus'cross, and
the subsequent identification of genes for pol-
len fertility restoration (K i n m a n, 1970 ;

Enns et al.,1970; Leclercq, 1971;
Vrânc,eanu and Stoenescu, 1971 , 1978;
F i c k et al., 1974) resulted in a rapid wide
sp'read production and cultivation of sunflo-
wer hybrids.

The use of only one crns source on a large
scatre may however lead to a genetic varia-
biiity reduction of the breeding material, and
thus to the increase of genetic simiiarity of
hybrids, and therefore to their genetic vulne-
rability to diseas'es or other pests, a convin-
cing èxample beeing the maize hybrids of
Texas ons with susceptibility to southern corn
leaf blight (T a t u m, 19?1).

Later on, new c?Tla sources have been put in
evidence, but they are stil1 under studies and
not in hybrid seed production beoause of either

- the difficulty of total sterile offspring main-
tenance or incomplete anther and pollen
atrophy.

In comparison with the Frcnch or peti'olaris
cms most of the ne\M sources have shown to
be more or less influenced by different envi-
ronmental conditions, especially when pheno-
typic manifestation of sterility is concerned.

This paper presents the genetic study of a
new c?rls source discovered ,at Fundulea re-
cently. Phenotypical and cytological expres-
sion of this male sterile form is described. as

weli ,as its response to crosses with diff'erent
normal and restorer inbred lines.
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Fig. I - Identification and hybridological study of Fundulea-l c?zùs source

selfing F1 fertile plants in the field, in 198b.
Selfings and crosses were performed under

cotton and paper bags and emasculations bv
hand, with tweezers.

RESULTS AND DISCUSSION

The crns sources have been studied in the
field as well as in the greenhouse. Morpho-
logical expr.essi,on, microsporogenesis and- be-
haviour of their hvbrid offspiings have been
evaluatêd.

The crns sourc,es Kuban-l-?0 and VIR-126 M
provided complete sterile pl.ants in different
ratios, up to 60'le, but no entire sterile pro-
genies were obtained when crossed. to a Àul-
titude of sunflower inbreds.

Complete sterile offsprings have been re-
corded in different backcross gener:ations of
the cms sources CMG-I, CMG-t and CMG-3,
with certain ,sunflower inbreds, but the male
gterility ,expression varied greatly even inside
of the same offsp,ring. Most plants showed al-
most normal developed anthers with few ace-

to-carmin unstainable pollen gr,ains, but quitc
fi.equent were also the planti with vestigial
anthers, r,vhich contained little atrophied or
no pollen.

Ali Ft progenies of the crns Indiana-1 cros-
sed to 37 di{ferent sunflower inbreds were
entire steriLe with dr.astic atrophied anthers.
Later on, only the backcrosses of three in-
b.reds were composed entirely by complete ste-
rile plants. In other cases, different ratios of
p_artial fertile plants wer,e noted, especially in
BCr and BCz ge'nerations. Similai remârks
were noted by Gedge (198b).

As concerns the recent Romanian cnùs
source, steriie and fertile plants of the segre-
gating offsprings W 65 and W 69 were crossed
to two cultivated sunflower inbreds. The com-
position of F1 and F2 generations of the direct
and r,eciprocal crosses (Table 1) has made evi-
dent the'cytoplasmic inherit.ance. So, when the
c?lrs source was used as a female parent, ste-
rile plants were noted ir1 F1 generation, but
wh'en the fertile plants of this source were us,ed
as male parents, all offsprings were entirely
fertile.

Table 7
Composition of F1 and F2 generations resulted from direct antl reciprocal crosses between segregating
generations (FP anil SP) * of the czns source Fundulea-l and two normal male fertile sunflower inbreds

Segregation generations
of Fundulea-l source Normal male fertile inbreds Generations

Plant used
in crosses

sPrl (9)
FP/l (d)

F2 (resulted from
selfed tr'1 plants)

ol
26i

'l25 
I

sP/2 ( ?)
FP/2 (il)

Flant used in crosses

FP/1 ?()
rP/2 (d;,)

(emasculated)

SP

32

'0
A-1566

o-7240
FP/1 (?)
FP/2 (dl)

^1!t

0

0

0

62

6B

+ I'P - tertile plants ; SP: sterile plants
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Offsprings * of the crôsses between Fundulea-l
for pollen fertility

c??rs source and 5 suntlower
restoration of the petiolaris

inbreds carrylng
cn'Ls

Fundulea-l cms

F"lsP

foble â

tlifferent genes

I'P SP

Total plants

Inbred (recurrent partner
in the crosses with cms' sources,

I.P

T-66006-2-1

F-1020 C-1

S-1358 Rf.SL
P-1380 Rf Sint. 11

V-1633 Rf Sint. 11

* I.P: fertile plants ; SP: sterile plants.
*f Kinman, 19?0 ; Vrânceanu and Stoenescu, 19?8.

The observations and determinations perfor-
med in different ye,ars, both in the field and
greenhouse, have proved that this new c?rùs

source which one could refer to as Fundulea-l ,

is very stable under various environmental
conditions.

Disk flowers on the whole male sterile head
have a normal devetopment till their opening
when stigmas appear without anthers being
visible. The styie grows and the stigm,a
branches roll in the absence of pollen. The
atrophied anthers could be observed in the
longitudinal section of the disk flower as dry
filaments.

Cytologic analyses of the rpoùlen mother cells
(PMC) carried ,out in the stage of bud forma-
tion revealed the complete absence of meiosis.
So, the PMC degeneration took place in a pre-
meiosis stage.

"Fundule,a-1" cnLs plants were crossed to
genotypes carrying ho,rnozygous genes for pol-
Ien fertility restoration of peti'olaris crns. The
results are'presented in Table 2. In two 'cases
(recurrent partner: T-66006-2-1 and S-1358-
Rf-SL), completeLy sterile Fl, BCr and BC2 ge-
nerations were obtained. A reduced number of
fertile plants in F1 or in F1 and BC1 $enera-
tions, but completely st'erile BC2 $enerations
'were record,ed in the other three cases. The

Y+

Rfx rfx rfy rfy

( in sterile cytoptosm )

X rfx cfx Rfy cfy

(recurrent portner)

Fr

Rfx rfx Rfy cfy (fecfite)
Rfx rfx rfy rfy (sterite )

rfx rfx Rfy rfy (sterite )

rfx rfx rfy rfy (sterite)

8Cr

fig. 2 -

rfx rfx Rfy
rfx rfx rfy cfy

0

0

0

0

0

0

existence of fertile plants in F1 and BC1, could
be explained by the action of two or more
complementary Rf genes. The example pre-
sented in Fig. 2 shows the way of getting rid
of the Rf alleles by crossing consecutivelV ste-
rile plants from BC1 and BC2 to a single hete-
rozygous recurnent ma'le partner, obtaining
thus completely sterile offsprings in the next
generations.

AII these results prove clearly that Fundu-
lea-1 and petiolaris are two differently inheri-
ted crns sources.

When the normal B-lines which maintain
th,e petiolaris cms wene c,rossed to Fundulea-l
steriie plants (Table 3) most of the F1 gene-
rations were completely sterile, suggesting thus
that the frequency of the major genes control-
ling fertility restoration in Fundulea-l crns is
very low within the cultivated sunflow,er ge-

Table 3

Offsprings * 
- of the crosses of Fundulea-l sierile

plants to rlifferent petiolaris crns maintainer inbreds

Rfr
Rfr
Rfz

Rf-

Rf-

22

20

IO

2L

20

85

26

32

36

55

Complex composite

RHA-274

Slouenska siua

H. tuberosus\
cultivated sun.

H. taberosus)(
cultivated sun.

(steriLe )

(sterite )

V]NIÏMK 8931

Smena

Peredovik
Armavir 3497

SaIiut
Record **

Orizont **

Selèct **

Single hybrids
Synthetic populations **

Early synthetic
population

3 Gene-pool
populations **

0

0

0

0

0

22

o1

20

20

,,

40 94

Num-

of
in-

breds

7

5

6

5

3

11

2

B

^

I

3

I
0

0

2

0

2

0

3

t2

65

22

79

22

45

22

ID

20

'08

'20

22

4l

0

0

t
0

0

0

0

0

2

0

0

0

0

0

0

22

44

22
t1

t7

1B

22

64

44

20

65
AA

44

39

22

37

49

i
Rf

Breeding procedure for obtaining complete
cr,ns offsfrings

* tr'P : fertile plants ; SP : sterile plants,
** Open pollinated varleties or synthetic populatlons

bred at I'undulea.

Rf genes fot petioldris cms

Ëàï | originâted from 'È
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nôtypes. As in the cases included in Table 2,
the red;uced number of fertile plants in F1 and
BC1 are the result of the action o,f two or more
complementary dominant alleles for fertility
restoration. In the s,uccessive backcrosses the
respective dominant alleles become insuffi-
cient for recovering fertility, thus r,esulting
only entirely sterile offsprings.

CONCLUSIONS

îhe czns source Fundulea-1, identified as a
male sterile hyb'rid plant resulted from the
open pollination of the wild species H. qnnuus
ssp. teranus, is characterized by a complete
anther and pollen atrophy and has p,roved
very stable under various environmental
conditions.

The hybridological a,natyses have shown a

different reaction of its crosses to the classical
restorers commonly used in petiolaris c?/r.s sys-
tem, suggesting thus the existence of a new
type of cytoplasrrnic male sterility.

, Major pollen fertility restorer genes have
not yet been found in the cultivated sunflower
genotypes but they are supposed to be identi-
fied in composite populations originating from
crosses of the cultivated sunflower to wild an-
nual sunflower species. A large testing pro-
gramme has be,en organized in this respect and
we are confident of being .able to use the new
c/ns source in hybrid sunflower breeding.
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UNE CONTRIBUTION À LA DIVERSIFICATION
DES SOURCES DE STÉRILITÉ-MÂLE

CYTOPLASMIQUE CHEZ LE TOURNESOL
Résumé

Les sources de stérilité-mâle cytoplasmique décou-
vertes jusqu'à présent chez le tournesol sont pré-
sentées. Parmi celles-ci, seulement la source du type
,,petiolaris" est utilisée avec succès dans la produc-
tion des semences hybrides de tournesol. On apprécie
que I'emploi d'une source cytoplasmique stérile uni-
que, à une èchelle si large pourra entraîner une ré-
duction de la variabilité génétique des hybrides de
tournesol, celle-ci provoquant la diminution de la sta-
bilité de la récolte dans certaines zones et I'aug-
mentation de la vulnérabilité génétique potentielle.

En 1983, une plante mâle-sterile a été identifiée à
Fundulea, dans une population résultée par Ia polli-
nisation }ibre de l'espèce sauvage H. anmuus ssp. fe-
ranLls. Celle-ci a été utilisée dans une série d'hybri-
dations aux formes de tournesol cultivées et soumise
aux études génétiques et cytologiques. La stérilité-
mâle a été caractérisée par une atrophie totale des
anthères et du pollen et s'est avérée très stable en
conditions différentes de milieu. Les analyses hybri-
dologiques ont mis en évidence une hérédité de na-
ture cytoplasmique. La noruvelle source d'androstéri-
lité a été dénommée ,,Fundulea-1" et s'est montrée
différente de la source du type ,,petiolaris". Des
nombreux croisements avec des lignées auto{écondées
de tournesol ont démontré que les gènes majeurs
pour la restauration de la fertilité du pollen chez la
nouvelle source o,ns ont une fréquence faible dans
le cadre de ces génotypes.

UNA CONTRIBUCION A LA DIVERSIFICACION
DE LAS FUENTES DE ANDROESTERILIDAD

CITOPLASMATICA DEL GIRASOL

Res{tmen

Estân presentadas las fuentes de androesterilidad
citoplasmâtica deseubiertas en el girasol hasta eI
presente. De éstas, solamente la fuente tipo petio-



ioris llamada clasica, se empiea con éxito en ia pro-
ducciôn de semillas hibridas de girasol. Se estima
que el empleo de un solo citoplasma estéril en una
eicala tan- grande determina una reducciôn de Ia
variabilidad-genética de los hibridos de girasol, lo
que causa la reducciôn de la estabilidad de la cose-

"hu ".t 
algunas zonas y el aumento de la vulnerabili-

dad genética Potencial.
En el af,o 1983, en Fundulea, se identificô una

planta androestéril dentro de una poblaciôn resulta-
àa de la polinizaciôn libre de una especie salvaie
H, onnuus ssp. teæanus.

Ésta fue empleada en una serie de hibridaciones
con formas de girasol cultivado y sometida a estu-

dios genéticos y citolôgicos. La androesterilidad se

caracteriz6 por una atrofia total de las, anteres y del
polén y se mostrô muy estable en diferentes condi-
ôiones de medio. Los anâlisis hibridolôgicos eviden-
ciaron una heredidad de natura citoplasmâtica' La
nueva fuente de androesterilidad fue llamada Fun-
dulea-l y se mostrô distinta de la fuente de tipo
,,petiolaris" (clasica).

Numerosos cruces con lineas consanquineas de
girasol demonstraron que los genes mayores para
ia restauraciôn de Ia fertilidad del polen en la nue-
va fuente citoplasmâtica tienen una frecuencia redu-
cida dentro de estos genotipos.




