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RESULTS OF RESEARCH WORK IN'
SUNFLOWER IN THE USSR = .

As is known, sunﬂewer or:gmated in North
"America. Seeds of this crop were brought to
Europe in the 16th century. In Russia, which
became the motherland of cultivated sunflower,
writers on the subject opted for sunflower seed
cultivation for oil already in the late 1760s.

This idea found its practical realization. In
1829 D, S. Bokarev, a peasant from a large vil- *
lage of Alekseevka, Bwyuchmsky district, Voro-
nezh gubernia (now Belgorod region first ex~
tracted sunflower oil with. the help of manual
home-made pressing machine, . .

The development of oil-mill industry raised
the demand for sunflower seeds, which led to a
considerable growth of areas under this crop.
Between 1948 and 1974 world sunflower seed
productlon grew almost three-told; sunflower
yields doubled sunflower acreage increased 50%
(Table 1). This is explained by increased de-
mands on sunflower oil and, most importently by
increased productivity of this plant in the pro-:
cess - of b;ee(hng. Soviet: high oil sunflower va-'
rieties bred by Academician Vassily S. Pusto-
voit brought about a radical change in views of
this crop, focussed atten‘uon on 11: in many count-
ries of the world,

In this country, is major research centers
_carry out sunflower breedxng work in the follow—-
ing three directions: ‘

(1) creation of highly productive, hxgh oil va-
rieties-populations resistant to main diseases and
pests ‘and adapted to definite ecological condi-
hons, , '

(2) creation of singlé and many-way hybmds
on the basis of nuclear and cytoplasmic male
. sterility, marked by high seed yield, resistance
‘to ‘certain pathogenes and pests and adapted to
definite zones of cultxva'hon,
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(3) creation of interspecific hybrids having
complex immunity and representing. a most valu- ‘
able genofund for breeding varieties and' hybrids
resistant to different diseases and pests -

An All-Union Research Institute of Oil Crops
(VNIIMK) was organized on the basis of the
breeding station "Kruglik" in Krasnodar, in 193L
It had a network ‘of experimental stations in the
main zones of sunflower cultivation in the count-
ry, the method of multiple individual ‘selection
. with estimation of the best families in progenies,
developed by Academician Pustovoit is the main
and most effective in this country for breeding
high-oil varieties-populations, During the last
40 years, all production sunflower areas have ‘
been sown under varieties-populations which oc~
cupy more than 5 mln ha in the Soviet Union
and more than'l min ha in other countries,

The method of reserves is a variant of pe-
riodical selection with individual estimation of
progenies and subsequent cross-pollination of
best families, o ~ i o
‘ The VIIMK conducts sunflower breeding for
24 characters a basic one being the duration
of the vegetation period. According to this cha-
racter, we have varieties-populations of four bio~-
logical groups: middie ripening, early- rip ening,
fast-ripening and. ulira fast-ripening, The middie-
ripening . group i mots widespread. and productive
in the Soviet Union. It accounts for 73% of all:
crops and includes. Peredovik, Armavirsky 3497,
Smena and VNIMK 6540 varieties (Table 2).

- According to the data of competetive variety
testing, in 1970-1975 these varieties had 5I-54%
of oil content, gave 30-36 ceritners of seeds .
per hectare and 1400-1800 kg of oil per hectare,.
-~ Wide-scale introduction of high-0il varieties
and the systém of annual variety renovation
allowed to raise oil content of commercial varie-
ties from 28. 6% to 46.99% or by 18,39% on ave-~
rage between 1940 and 1975 and increase the
oil yield at oil mills from 25.4% to 45, 67% or ,
by 80% over the same period (Table 3),
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New productive varieties-populations with a
still higher oil content in seeds ‘were created by
the method of population breeding. The Voskhod.
variety with 53. 0-53.5% of seed oil content has -
been zoned, and Vostbk with 54-54.5% of oil con-
tent has been transferred to the State Variety
Testing. The start variety, marked by high perfor-_
mance and resistance to riew broomrape races
(Orobanche cumana Wallr). has been developed,

- Work on early ripening varieties, such as Sa-
Iyut, helped surmount the correlation between du~
ration of vegetation period and the. performance
level the correlation earlier considered to be ne-
gative. Another fast ripening variety, Ranny 2
exceeding the check variety in seed yield and
oil content, was also ‘transferred to -the ‘State
Variety Testing. - L

In 1975 Peredovik showed high seed oil con-
tent and oil yielc at oil mills (Table’” 4), -

When the oil :ontent further upgrades to
reach 55-58% per seed, creation of new wvarieties
- of this type becomes difficult, It is therefore ad-
visable to create varieties’ with new original cha-
racters, such as immunity, fast ripeness, high
grain unit, and qualitative compasition of oil,

Proper production of seeds of varieties-popu~
lations is an important condition of high sunflo-
wer performance,” The method of improving . séed -
production and the System of regular variety re-
novation has made it possible to improve all ge-.
netic characters concerned, by repeated selec-
tions, For example, in the oil yield per hectare,
VNIMK 6540 has been improved by 15, 5%,
VNIMK 8931 by 10.7%, VNIIMK 8883 by 2L.2%,
and Peredovik by 15.4%, which resulted in’ oil
vield increase from 7.6 to 14.80 ha for VNIMK
1646 and from 127 to 150 c/ha for Peredovik,
etc. (Table 5). : :

~ Work on new self-pollinated lines is on.
These lines are set on the basis of the best
home-bred varieties and foreign cultivars. Inten--
sive work is being done to study the general
combining ability, Chemical castration by gibbe-
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rellin is widely used to obtain '&;esti'hybrids’o ‘

In recent years work has developed ‘apace
on the creation of simple and many-cross hyb=- '

‘rids on the basis of nuclear and cytoplasmm

male sterility.

At present, in line with the comprehenswe
research programme a number of. ms’u‘&wﬁ:es cCon=
centrate on the creation of highly-productive sun-
flower hybrids, methods of accelerated obtaining

" of sterile analogues, fertility restorers, evaluation

of lines' general and specific combining ability, .
methods of use of the selfincompatibility phenome-
non and chemical induction of male sterility for
getting hybrid seeds, creation of h&ghmygeidﬂng

interline and wvarietal-line hybrids resistant to di=- -

seases and pests s and also hybmds Wmh ds.ffem

rent -fatty acid composition.

New interline and wvarietal-line h'ybmds the
best of them exceeding the seed yield of zoned

- wvarieties by 10-30%, are being tested.

Effort are made to create new selfpollma“é,ea
lines, The best home-bred varieties foreign
cultivars are used for their setting (Tables 6; 7)
General combining ability is studied m&:enszvelya

"Chemical ‘constration with gibberellin is widely
used for obtaining test hybrids.

Gene "marked" male sterility is studs.ed and
used on a wide scale. VNIIMK now disposes
of a large collection of lines with gene male ste~
r.ihty. Many of them are practically suitable, for
use in hybrid seed production - Much -use is

" made of cytoplasmic male sterility. Work on. the

development of sterile and fertile analogues of
the best lines and the first hybrids on the CMS
basis is nearmg completion,

Much is being alone on heteros;s breedmg
at the All-Union Research Institute of Plant
Growing, . All-Union Research Institute of Plant
Breeding and Genetics and Ukrainian Research
Institute of Plant Growing, Breeding and Gene-
tics. A fund of different foreign bred lines from
'the U::A, C‘anada., Bulgana, Romama, Argentma
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and other countries is ‘collected. Some of'"‘thém

sterility, and separate hnes are good restorers,
A number of fast ripening hybrids, which are
valuable for arid and northern zones of sunflo-
wer cultivation are created and being tested.
Work is apace at other institutions and experi-
ment stations of the country. A principally new -
variety Pervenets, notable for the ratio of fatty
acids in oil was created at the Institute of Oil
Crops by the method of chemical mutagenesis.
It contains up to 80% of oleic acid in oil, This
oil is similar to olive oil , '
Work on interspecific hybmdlza’uon w1th a view
to making sunflower resistant to the most impor-
tant diseases assumes ever greater importance,
Sunflower is being affected in the Soviet Union
by more than 28 pathogens, The highest pathoge-
necity have white (Sclerotinia libertiana Fuck. ),
grey (Botmtxs cinerea Pers.), dry (Rhlzopus no-
dosus Namysl. ), and charcoal. (Sclerotmm batati-
cola- Taub.) rots and downy mildew (Plasmopara‘
helianthi Novot, ), For the first time in the world
crossmg cultural sunflower (Helianthus annuus) -
with wild species of Helianthus has produce hyb-
rids equal to warieties; these have wvaluable pro-
perties for profuction and inherited wide immunity
to the most important pathogens, For the first
time in the world, quite a new genotype of sun-
flower plant with a number of valuable charac-
ters was created, Excellent fixators of sterility-
and restorers of. fertility were found among inter-
specific hybrids, This opens wide pr'ospects for
creation of hybrid sunflower and wide use of
heterosis effect,
) Valuable breeding. matemal with group immuni-
ty and 58-60% of the maximum seed’ oil content
on the absolute dry basis or 73-76% in kernel
is created by the method of interspecific hybri-
dization, In 1975 two first unterspecific sun-
flower varieties Progress and Novinka were
transferred to the State Variety Testing. Their
oil yield per hectare is no less !:han ‘that of the
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besf: variety - Peredovik, and they are haghly re-
sistant (98-100%) to downy mildew (Plasmopara
helianthi Novot,) sunflower .moth (Homoceosoma
nebulella Hb,) and by 80% to charcoal rot (Scle-
rotium bataticola Taub.) and to verticillium wilt
(Verticillium dahliae Kleb.), In extremely dry

1975 the Progress variety gave in rainfed condi-
tions at Krasnog@Wardeysky Testing Station of '
Krasnodar Territory 41.2 cenitners of seeds per
hectare or 5 cent more. than the check Peredo-~
vik wvariety (’I‘able 6), Oil vyield per hectare eXe
ceeded 2000 kg, which is a record figure both
for our country and for abroad.

Soviet breeders have .developed varieties
and hybrids ‘with potential seed‘yleﬁ.dmg abllnty
of 36-—40 cfha. Further work in this direction
will’ allow to create wvarieties and hybrids with
the yielding-ability of 45 and even 50 cent of
seeds per hectare and seed oil content of :32-=56%
on the absolutely dry bdsis, -

Biochemical investigations in breeding sun-
flower have shown a wide range of varying sun-
flower oil fatty acid’ composrtxon and made it pos-
sible to conduct breeding for a -definite character,
Study of the process of fatty acid biosynthesis
in high oleic mutant oil showed that a new type
of sunflower plant has been developed which,
unhke the existing productive wvarieties has a de-

tinite direction  of biochemical processes,

V -Research conducted at the All-Union’ Research
Inshtul:e of Oil Crops and the All-Union Research:
Institute of Fats has: shown that oil of this va- - -
riety: is more stable in storage than the 011 of
usual sunflower varieties,

. Sunflower breeding for high oil content is
accompanied by a considerable change in the -
qualitative. composition of the seed protein comp-
'lex, Comparative study of composition of pro- -
“teins of high and low oil sunflower varieties has
shown that in Peredovik variety seeds the quan-.’
tity of water soluble fraction, the ric_:h'e-st in in-
dispensible aminoacids and especially in lysin,

. exceeds by 20— 30% the low oil variety. Krughk
CA-4l, , .
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‘The data obtained suggest the conclusion
that water soluble proteins play an aclive role
in oil-forming process, - Their accumulation level
to a certain extent predetermines the oil content
of seeds, Quantity of protein in kernels of pre-
‘sent varieties of VNIIMK breeding fluctuates
within the range of 20-24% and in defatted flour
within the range of 56-60%,

The protein of these sunflower varieties has
a comparatively high content of all the indispen-
~ sible aminoacids, including lysin (up to 3. 5%),
tryptophan (up to” 2.2%) and methionine (up to

 2,5%). The data obtaihed show a great nutri-

tional value of sunflower protein and a possibi-
lity of using it in the food industry. , '

Comparative physiological studies of plants
of high and low oil content varieties have shown
that photosynthesis does not set limits to. the. fat

and . protein accumulation in seeds, and hence
there is. no antogonism between the processes
of biosynthesis of these substances., No. varietal
dlfferences were found in the absolute fat con-
tent per anvaccumulahng seed cell, New varie-.
ties give higher oil yields only as a result of
. accelerated outflow of substances from stems.
and leaves of plants with increased mitotic ac-
tivity of seed embryos: before the -beginning of
the period of the intensive oil formation.

Research in the field of physmlogy of . immu~
nity revealed the nature of sunflower resistance
- to new broomrape races and helped deveIOp ef-
fective methods of early diagnhosis. .

An important role in raising ‘'sunflower seed
vields is played by the proper zoning of seed
‘production, Ecological conditions exert signifi-
~ cant influence on the formation of high-quality
seeds with good yielding abilities. Sunflower
- seeds reproduced in favourable soil- climatic

conditions of the southern zoné of the country
‘ruise the seed yield by 2.5-2.8 c/ha, as com-
‘pared to seed grown in northern zones of.sun-
flower cultivation. Oil content’ of progerues of
these reproducuorxs is' LO- 3.0% higher,
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A large volume of work has. been done by
Soviet scientists in the sphere of farming and
chemicalization. In recent years the Pustovoit
All-Union Research Institute of .Oil Crops and
its experimental network have developed me-
thods for the minimum preseeding treatment of
soil under sunflower and other oil crops, Scien-
tists of our Institute have developed new prog-
ressive technology of sunflower cultivation, using
highly effective herbicides of treflan type (nitran,
nitrofor), This technology helps reduce the number
of mechanical treatments of soil in the spring-
summer period from 8~10 to 2-4 operations and
considerably (by 2-4 c/ha) to increase sunflower
seed yield without hand weeding. '

Significant results have been obtained in re-
search on optimizing the system of primary treat-

. ment of soil in oil crop rotation and in the de-

velopment of practices to prevent wind erosion.
‘Application of mineral fertilizers is instrumen-
tal in raising sunflower -yields, Fertilizers increase
seed yields by 2-4 cf/ha. Long-=term investiga-
tions conducted at Soviet research institutions

‘have shown that nitrogen-phosphorus fertilizers

are most effective on chernozem soils, The sys-"
tem of fertilization in oil crop rotation has been
developed on the basis of relevant research. It
provides for a regular application of fertilizers
under all' crops, including high rates (Ngoplgo)
under winter wheat and sugar beet and average
rates (N4op60) under suanOWer.‘Tlrus system as-
sures the most economical use of fertilizers.
Investigations conducted at VNIIMK, Voroshi-
lovgrad Agricultural Institute, Nikolaev Regional
Agricultural Experimental Station, Southern Re-
search Institute of Hydrotechnical Engmeermg
and Land Improvement and‘l Gorsky Agricultural
Institute have confirmed a high efficiency of sun-
flower irrigation, Seed yields under irrigation
are 2-3 times more than in rainfed conditions.
In arid zones of Volga region and south of the
Ukraine sunflower yields in rainfed conditions,
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as a rule, do not exceed 8-12 c/ha, while with
a rational irrigation regime they reach 32-36 c/ha.

Today, the efficiency of farm crop production ’
“is greatly influenced by the level of mechaniza-
tion of production processes, availability of ma-
chines for carrying over agronomical practices
that can guarantee high yields. New machines
and devices for harvesting and postharvest treat-
ment and drying of sunflower seeds have been
developed in this country in recent years.

C lose cooperation of scientists from different
countries is of crucial importance for achieving
high results in breeding. Exchange of scientific
information and the use of .theoretical R and D
al low to accelerate the process of ‘breeding and
create more productive varieties and hybrids.

A further development of cqllaboration in the
field of research into sunflower will make it
possible to speed up scientific and technical
progress in this sphere and help advance agri-
culture in many countries of the world.
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