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RESULTS AND PROSPECTS OF SUNFLOWER -

BREEDING FOR GROUP IMMUNITY . BY
INTERSPECIFIC HYBRIDIZATION'

‘Breeding mterspec:lflc hybnds was started
for resistance to downy mildew (Plasmopara
" helianthi f. helianthi Novot) considered to be '
the main character of the hybrids, At present _
following many years .of breeding the initial hyb-
rid stock is developed which is characterized by
almost complete (98-100%) resistance to downy
mildew under severe artificial inoculation and by
high produchwty level equal to or exceeding
that of the check wvariety, First hybrids have
been developed, 99% resistant to downy mildew
and overyielding the check variety by 5-9% oil
.per hectare. Two of them, Progress and Novinka,
have beeén submitted to State Varietal Trials,

Wild spec:1es Helianthus of hexaploid range
(2n = 102) have a high racial and specific field
resistance to rust (Puccinia helianthi Schw. J.
This character is also common tc¢ interspecific
hybrids obtained by crossing sunflower with H.
tuberosus. A large breeding stock of hybrids
has been developed possessing complete racial
specific resistance to rust, These hybrids are
also 98-100% resistant to downy mildew and are
highly productive yielding hlgh oil output per
hectare (’Dable 1),

Studies of sunflower 1mmumty to white rot
(C-‘:clerol:lma sclerotiorum Lib. ) reveal that the
world stock of cultivated sunflower is 100% sus-
ceptible to this pathogen, Only wild species of
Helianthus of hexaploid range (2n = 102) proved
to -be resistant to the head form of Sclerotinia.
Resistance to white rot in wild species and in
lnterspecxﬁc hybrids is' characterized by plant
age and is manifested begn'mlng from the rosette
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phase  (inflorescence bud) until full maturity,  Un-
il this phase the plants are 100% suscephble ‘to
white rot,

When breeding for res1stance to sclerotinia
we encountered some’ difficulties as. previously
resistant hybrids almost completely lost their
resistance.

At present we continue lmprovmg re51stance
and oil content in hybrids which have lost resis-
tance to a considerable extent owing to their
cross pollination with sunflower, At present
breeding hybrids for resistance to white rot is
effected only under isolated flowering (mbreed—
ing and pair crosses using oil-paper bags), For
the past three years we have obtained linés al-
most 90% resxstant to the head form of scleroti-
nia.

Development of hybrids resmtant only 'to scle-
rotinia localized on the head of the plant can-
not completely solve the problem, but this form
of the disease is the most widespread and this
type of resistance:will have a positive effect,

"All wild species except the tetraploid spe-
cies H. tomentosus are 100% susceptible to ver-
ticillium wilt (Verticillium dahliae Kleb.) under
field epidemics and artificial inoculation.

Resistance to wverticillium wilt in mterspemﬁc
hybrids is inherited from cultivated sunflower
varieties bred in VNIMK. At present populations
of interspecific hybrids influenced by selections
have almost the scene resistance to wverticillium
wilt as the Peredovik wvariety. Infection under- »
field conditions is only 1-3%, Under artificial ino-
culation some families have 92-~93% genehc re-

. sistance.

All sunﬂower varieties commercialized in
USSR are susceptible to charcoal rot (Sclero-
tium bataticola Taub.), which reduces the seed
yield to 40% and oil content by 2-4% However,
perennial wild species proved to be completely
resistant to this disease, and annual species
were completely susceptible., In 1970 we have
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found sources of 1mmumty to charcoal rot among

interspecific hybrids (H. tuberosus x VNIMK
893l), Breeding for resistance to this pathogen
is complicated by the absence of early symptoms
of the disease in sunflower and screening has

to be effected in the female parent only after ma-
ture cross-pollinated plants have been harvested.
However, selections are rather effective in com- .
mon field ‘infected conditions with a high rate of
fungus parasitism. Last year we have developed
60 families, 50 plants each, which proved to be
complétely resistant to the pathogen in three dif-
ferent geographical localities,

In breeding nurseries of the lst and 2nd
years of studies we have identified over 80 en-
tries highly resistant to .charcoal rot (Table 2).
These hybrids are 20-30% higher than the check
in oil yield per hectares. ‘ -

Interspecific hybrids developed from crossing
H, tuberosus immune to broomrape with the re-
sistant variety VNIIMK 8931, were severely af-
fected by broomrape (Orobanche cumana Wallr, ).
Resistance to broomrape in hybrids is inherited
on the pattern of intermediary inheritance. W hen

- breeding for resistance to broomrape infected

fields are utilized as well as artificial inoculation’
in the greenhouse. During winter about 12,000~
14,000 elite plants are evaluated in the green-
house,

‘ Breeding for resistance to broomrape was
started in 1965, using hybridization followed by in-
dividual selection in infected plots against the
background of a complex broomrape population
reflecting its racial diversity in USSR. At pre-
sent hybrids highly resistant to broomrape and
downy mildew with the oil content of 48% to 56%
are rapidly multiplied and ‘tested at all ;mks of
‘the breeding scheme, -

Trials of hybrxdb resistant to broomrape and
downy mildew in lhe nurseries of the lst and 2nd
yvears of studies have shown that the best faml—‘ _
lies yxelded over 40 c/ha of seeds (Table 3).
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They overyielded the check by 40% in oil out-
put per hectare and. displayed hlgh resistance
to two major pathogens.

All wild species of Helianthus, except an~
nuuals, are resistant to. Phoma oleraceaée Sacc,
under field e‘pxdemlcs, and under artificial inocu~
lation 6 species are completely resistant to ‘che
pathogen,

All commercialized varieties are completely

‘susceptible to Phoma sp. under field epidemics. " B
Breedmg for resistance to Phoma sp. has been

started in 1973 in interspecific hybrids of sun-
flower: Populations. that have been bred are con-

'Slderably less affected by this pathogen. :
It is difficult to breed interspecific sunflower f

hybrids for group immunity because the traits of

resistance are separately inherited by hybrids

from wild species. of Helianthus rather than in

- blocks of genes controlling several traits, It is
necessary for the breeder to combine traits of

resistance to different pathogens in one plant or
a variety and to combine them with 1mportant

traits of high economic wvalue,

A spec1a1 breeding method was developed ,

for the purpose, Breeding for high productivity

was based on the prmcxples of sunflower selec-
tion developed by Academician V.S, Pustovoit.

‘Sunflower varieties commercialized in the USSR-

contain 49-55% oil in the seeds and under fa=
vourable conditions they are able to accumulate

up to 57% oil in the seeds in lar‘ge commercial

lots,

Interspeclflc hybmds in Fr had 27% mean
oil content and 39.8% huskness. We were there-
fore faced with a difficult task of developing re~
sistant counterpar’ts of the best commermal varie-
ties of the Peredovik type.

In 1975, after 10 years ‘of breeding work the
oil content of breeding elite of interspecific hyb-
rids was within the range of 49-63.5% in abso-
lutely dry seeds, that is 73-76% in absolutely :
dry kernel of 6000 selected elite heads 70% con-

tained 54—63.5% oil in absolutely dry seeds,
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In the nursery of the lst year of study 500.
families eut of 900 showed 54-60.4% oil in the

progeny. This is the upper limit of the oil con-

tent in sunflower and it is registered in the pro-
geny" for the first time. As is known, sunflower
is next to the last in the range of oil plants,’
while castor bean is the first one, Our interspe-
cific hybrids which half wild plants in the not too
distant past have at present surpassed castor
bean in the oil content in the seeds. Such oil

content is a biological upper limit of oil in sun-

flower, and it is impossible to further raise it,
but it is quite possible to breed for higher oil
vields per hectare than modern commercialized
varieties can show, Thus, during a period which
is just a moment in the long evolution of sun-
flower, initial stock has been created for breed-
ing purposes, The stock is resistant to seven

fungal diseases and two predators, and has a

phenotype and productivity level equal to the best
Soviet commercialized wvarieties and the highest
oil. content,

In 1975 fxfty intersp ecific hybnds were’ minu-

tely studied in competitive and preliminary varie-

tal trials, Most of them, cultivated in crop rota-
tion fields, reached the productivity level of the
Peredovik variety, and some even overyielded it '
by 2-9% (Table 5). The hybrids possess high re-

* sistance to downy mildew (98-99%), field resis-
tance -to verticillium wilt (97-98%), field resis-

tance to charcoal rot (60-80%) and complete re- -
sistance to sunflower moth (100%).

" Trials ‘-of the first two wvarieties of this type,
Progress and Novinka, under conditions of arti-
ficial inoculation gave the following results, Varie-
ties were practically not affected by downy mil- -
dew, Infection rate was only 0,07-0, 32% while

in the case of Peredovik infection. rate was 99, 3%.

Seed yield was 34.1-33.8 c/ha, respectively,. with
l. 2 c/ha of the check. Oil yield amounted to
17.02 and 17.00 c/ha in the varieties and

0.40 c¢/ha in the check. Advanced material of

the above type was tested in the first year nur-
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sery, Certain families were screened showing the
upper oil content (57-60%) in the seeds, seed
vield of about 40 cfha and complete resistance
to downy mlldew. Best families were 30-66% - -
higher than the check in oil vield per hectare
(Table 6). These hybrids are most prospective
for developing \{arlehes representihg the middle
ripening group. Of special interest for the So-
viet Union are hybrids containing resistance to’
‘broomrape in thew complex of resistance. '

Along with the traditional breeding methods
we accumulate stock for heteros:s breedmg by
the line-hybridization method.

Over 1000 lines possessing group immunity
-were selected and transferred to. CMS., In popu~
lations of interspecific hybrids we found excel-
lent MS maintainers and fertility restorers, Trials-
of test-hybrids in 1974 showed the possibility of ‘
obtaining a high heterosis of about 35- 68%. Thus,
interspecific hybridization in the genus Helianthus -
has broadened the horizons  of the sunflower
breedirig and allowed to create unique breeding
material utilizing which can be used to solve the
urgent problem of breeding highly productive sun-
flower wvarieties with group immunity to the major
pathogens of this crop. ’




