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RESISTANCE TO ‘DOWNY MILDEW OF
SUNFLOWER HYBRIDS BRED ON THE
CMS BASIS WITH RESTORED POLLEN
FERTILITY

-Sunflower breeding on the basis of male ste-
rility is a most effective method of obtaining the
heterosis effect and using it in production.

Sunflower male sterility was discovered by
Kuptsov (USSR) in 1935, but it has been inten-
sively. studied only dumng the recent 15 to 20
years. Works published in wvarious couniries re-—
ported that sunflower male sterility was found
and that this was highly significant; such works
were published in Romania (Vulpe, 1964), the
USSR (A.L. Gundayev, 1967), France (P. Lec-

lercq,’ 1966)5 Canada (E.D. Putt and Heiser, 1966)

‘and Bulgaria (N. Stoyanova, 1967)..

The practical results obtained m 1965-1966
(Vulpe, 1967) showed the economic "significance
of the sunflower hybnds bred on the basis of
male sterility. At the first stage several snrnple
hybrids were tested experimentally and in pro-
duction with' the employment of lines genetically.
marked by anthosyan, and it was believed that
sunflower hybrid seeds could be definitely ob=.
tained., ‘However, it was found at a later stage
that the pollination of sibs can be completely ‘
dispensed with both on the breeding ground
where genetically 'marked lines are .generated
and in the hybridization breeding grounds, Hyb-
ridization is incomplete because it is impossible

fully to remove recombinants from the hybridiza-

tion plots before their pollen leaves the pollern.
sacs., As a result production crops may in--
clude, apart from hybrid plants, also typically
maternal line specimens which impair the yield.
It was found .that the defects of sunflower hyb-
. rid seed-growing can be only eliminated by
using maternal lines possessing cytoplasmic
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male sterility in combination with paternal forms
of" pollen fertility restorers,

A breakthrough was made in this field too,
In Romania, for example, genotypes were found
with genome SRfrf in the VNIMK 8931 variety
imported .in 1956, which servad as initial material
for obtaining . samples wi.th male sterile cytoplasm
and fertility restorers, Moreover, forms with cyto-
plasmic. male sterility were obtained by crossing
the species Helianthus rigidus with the species
‘Helianthus annuus (1964) and subsequently by
crossing the species Helianthus petiolaris (of \
the Argentine origin) with the Helianthus annuus.
All the three sources belong to the B type of.
male sterility (Vulpe, 1968, 1974)

In France, a form possessing cy“toplasmlc
male sterility was also obtained by crossing He-~
lianthus petiolaris *with the Helianthus annuus
(Leclercq, 1969). ,

After the discovery of fer*hhty res’conng ge~
nes in (Rf) it was found that there is a double
‘control of male sterility character, determined by
- the interaction of nuclear factors with sterile cyto-
plasm, In this case male sterility is cytoplasmic
and genetically determined (1. e. nuclear cyto- .
‘plasmlc) (Vulpe, 1968) Since the term "cytoplas-
mic male sterility" is in wide use in practxce we
consider. it possible to ‘use. it conventionally in
the case of sunflower just.as in the cases of
maize, sugar-beet, wheat,- sorgo and other Crops,
meaning by this a double control of the: heritabi-
 lity of this phenomenon.

This paper glves the results of expenments
with sunflower hybrids (both reglonahzed and ex-
penmental) the seeds of which are obtained on
the basis of lines with cytoplasmic male, steri-
lity, and the fertility restorer lines re51sbant I:o
- ~downy mildéew . (Plasmopara hehanthx) :

The Material and. Methods Used -

In the period 1973-—1975, in the climatic: con~
- ditions favourable for the sunﬂower .culture (ex—-
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cept the less favourable years 1968 and 1973).
the Research Grain and Industrial Crops Insti-

- tute conducted comparative variety testing to

' study different sunflower hybmds selected on the.
basis of male sterility.

The simple hybrids selected include above
all the regionalized hybrids HS90 (Romsun 90)
and HS301 (Romsun 301) as well as the experi-
‘mental hvbrids HS305, HS308 and HS310.

The HS305 hybrid which during 1968-1973
was known as HS72 .is the first sunflower hy-
brid bred in Romanxa on the basis of. male ste-
rility (Vulpe, 1967, 1971).

The HS90 and HS30l are simple reglonahzed
hybrids studied in comparative variety testmg
beginning with 1966, :

The HS308 and HS310 are new simple sun- -
flower hybrids tested during the iwo last vears
and created on the bas1s of cytoplasmic male
sterility,

Up to 1972 the seeds of the HS305, I—ISQO
and HS301 hybrids were grown on the basis of
nuclear male sterility with the use of genetic
markers, but subsequently they were transferred
onto the cytoplasmic basis,

To transform nuclear male sterility lmes into
cytoplasmic male sterile lines we selected recom-
binants (green fertile plants) within the ‘maternal
line, whxch were later inbred and transferred
onto the cytoplasmic basis with the help of
backcrosses, Following six consecutive back- -
crosses the normal inbred lines, regardless of
their origins, became cytoplasmic male sterile
lines with the genome of the recurrent parent
being inoculated into the donor's unchanged
cytoplasm (sLemle cytoplasm of the Pel:zolams
type produced in Romania).

Fertility restorer genes were tranbferred to
the normal inbred lines by a preliminary con-
" wversion of an appropriate line into the cytoplas~
mic male sterile one (having the annuus-type
cytoplasm obtained in Romania within the frame-
work of the VNIIMK 8931 varniety). The line was
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then crossed with the Rf donor and the fertile-
castrated plants were subsequently backcros- -
sed with the fertile analogue which did. not
restore fertility, After four consecutive back-
crosses the fertility restorer lines were homozi-

- gated by self—-polhnahon coupled with genetic se-~
lection.

As regards resistance to downy mildew
(Plasmopara helianthi) we used ‘the Canadian line
S-37-388RR as the source of resistance for one
of the parent lines. The Canadian line has the
pleotrope gene R; Wwhich guarantees resistance
both to rust (Puccinia helianthi) and to the Euro-
pean race of downy mildew; for the ‘second pa-
rent line we used the American line HA-61 which -
has a gene securing re51s!:ance to the A merican
downy mildew race Red river,

_ The two genes - R} and H, one from each
line of the simple hybrid, - were transferred by
crossing them with the donor used as the pater-
nal form, which was followed by three or four
”consecu’uve crossmgs with the recurrent parent.
This was culminated in the homozygotization of
the lines through inbreeding coupled with gene-
tic selection, Appropriate conditions were pro-
.vided for the artificial inoculation by the Euro-
pean race of downy mildew, The H gene was
transferred to the bulk of fertile analogues (B

‘lihés) of the cytoplasmic male sterile lines (A
lines) so as to turn the latter into the homozy-
gous lines as contmuous backcrosses were .con= .
ducted.

Beginning with 1973 hybrid seeds were pro-
duced for all the five variants on tre basis of
cytoplasmic male sterility, restoration of pollen
fertility and the resistance to downy rmldew
(Plasmopara helianthi).

Hybrids ‘were tested by the method of the
Latin quadrangle with eight variants, in four rep-
lications and with the varied 1ocat10n of plots
(V. Vulpe, 1967). The results were processed

by the dispersion analyszs.
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Between 1965 and 1968 the mcrements in
the seed and oil yields were expressed as per—
centages of the VUNIMK 8931 variety and begm—,
ning with 1968 in relation to the Rekord variety,
Phenological observations, biometrical mea~
surements and laboratory seed analyees were
conducted in all the. expemments.

The. Results Obtamed ‘

Plant g_owth. Simple sunflower hybnds are
more uniform and powerful than the Rekord va-
riety plants. They grow mtenswely just after
the appearance of shoots with the early ripen-
ing and semi-early hybrxds bemg most prOnounc-
ed in thxs respect.
it was found that in all the f.lve hybrids in P1
-fertility is restored completely, with natural pol-
lination ocCurring in normal conditions. '
study is basmally shorter than in the check va~-
riety (Table 1).The simple hybrid HS90 is the
most early ripening one, '

The height of_plants, . With the exception of
the HS310" hybrid the height of the hybrid plants
was less than that of check plants, the HS90
being the shortest. The hybrids' uniform height
can be. authentically illustrated by the vamablhty ,
coeff1c1en1: of this feature. ‘

The head diameter is larger in hybrids than ‘
in the check with the variability coefficient show——
ing a greater un1form1ty of hybmds. : -
lated depeerl;l-g on the hybmd but _thgy were
higher in hybrids than in the check wvariety.
hehantlg_l)_ . Experiments have shown thaf there is
‘a considerable difference between the resistance
of hybmds and their parental forms to the Euro-
pean race of downy mildew and theu' sensitivity
to it (Table 2). ,
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The figures cited in Tablé 2 show that all
the five simple hybrids proved resistant to the
European .race of downy mildew, with the. excep-
tion of the Rekord variety and the ‘parental forms
devoid of the R;] genes which were infested
completely, The two wvariants of the HS90 hyb-
rid show that the simple sunflower hybrid can
be resistant to downy mildew in Pj if one of the
parental forms (no matler which) is homozygous—
v resistant to ‘that disease, It has thus been
‘confirmed that Sunflower genetic stability to mil-
dew is dominant and monogenously conditioned,

- To make the hybrids resistant also to the -
A'merican race of downy mildew one of the pa-
ternal forms was supplied with the:H- gene so’
that, beginning with 1977, the seeds of the HS90

and HS301 hybrids will be sown on the basis of
- cytoplasmic male sterility and the resistance. to
" both the European and the American . mildew pra-
ces, . - ' . ’
. Yield, Both the seed and oil yield of the
simple “sunflower hybrids studied in competitive
testing without irrigation fluctuated ‘depending on .
the vyear (’I‘able 3). 4 . R B
From the figures in Table 3 one can see the
marked advantages of simple hybrids over the
check Rekord variety, The yields were  high dup-
ing several years of testing,. yet they differed de-
pending on the climatic conditions of each year,
The annual fluctuations of the seed and oil yields -
- of simple hybrids as compared to the Rekord va-
riety are explained by a greater ecological plas-
ticity of the Rekord variety's polyhybrid popula~
tion than is the case of simple hybrids whose
narrow hereditary basis accounts for a weaker
ecological plasticity and consequently a certain
instability in relation to the changed external fac-
tors, ' A : o
To make a full use of the biological ability
of simple sunflower hybrids to give big yields it
is therefore necessary to. apply the requisite ag-
‘ronomy to each simple ‘hybrid both with and with-
out irrigation (Vulpe, 1971, '1972), ' : :
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In most hybrids heterosis manifests itself in
a decreased percentage of husk and especially
greater oil content in seeds, Depending on chan~
ges in external conditions, the latter feature is
more pronounced in the hybrids.than in the Re-
kord variety, with the exception of the HS3I0
hybride L

Summary

" 1. The three sources of cytoplasmic male
sterility obtained in Romania and also the sour-
ces of restoring pollen fertility served as the ba-
sis for producing many cytoplasmic male sterile
lines, fertility restorer lines and the lines ‘resis-
tant to the Plasmopara helianthi. All these forms
belong to the most valuable regionalized and ex~
perimental sunflower hybrids. .

2, The simple hybrids 90, 301, 305, 308 and
310 whose seeds are grown on the basis of cyto-
plasmic male sterility and restoration of the pol-
len fertility are resistant to downy mildew and
are very powerful, even and fertile, ‘ :

3. Simple sunflower hybrids have clear ad=- '
vantages over the best ordinary warieties because
they make possible a transition to an improved .
and highly effective system of producing seeds
and because they are highly stable, even power-
" ful .and resistant to various diseases. '
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