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Sunflower oil importance, cultivation history, floral anatomy, flowering physiology, evolutionary adaptations of sunflower for
insect cross-pollination and behavior of honey bees at its visiting are described. This plant has long, interesting and confusing his-
tory with rediscovering its seed oility and repatriation in form of big headed oil cultivars in North America. Sunflower inflorescence
consists of unisexual sterile ray florets with showy big petals that attract pollinators and bisexual fertile disc florets that produce seed.
Its flowering develops by gradually opening of florets rows with transition from staminate male to pistillate female stage. In nature
sunflower is an insect cross-pollinated plant. Quantity and quality of sunflower seed yield still strongly depend on honey bee pollination
even in case of modern autofertile hybrids and significantly increases under presence of this ecosystem service. Disk florets produce
nectar and pollen which play role of reward for pollination. Sunflower nectaries are located at style base directly above floret ovary.
They secret nectar which bees use as raw for honey production. Sunflower anthers produce large quantities of pollen. In addition to
reproductive function it is used for bee foraging too. This pollen has high energy value due to fatty acids presence (mainly lauric,
palmitic and o-linolenic) but deficit of proteins and essential amino acids (methionine and tryptophan) makes low its total nutrient
value. Ultraviolet target pattern of sunflower inflorescence guides bees from side to center of inflorescence. They deposit pollen which
collected from another heads when move among stigmas of pistillate stage florets rows and then reach staminate stage florets rows for
nectar and pollen collection. In addition, permanently are being breeded a lot of new autofertile sunflower hybrids that requires estima-
tion their melliferous potential and also its comparing with old cross-pollinated cultivars. Key words: sunflower, honey bee, pollination.

3anuiaeHHs] COHSILIHUKA MeIOHOCHOI0 O/:k0i1010: oruisii. Lllnmak $1.B., CocnoBebkuii K.C., Bypkyr B.1., 3apouenuena O.[1.,
Kyk A.B., ®enopsik M.M.

OnmcaHO 3HAYCHHS COHSIIHUKOBOI OJIii, 1CTOPiI0 BHPOIIYBaHHS, KBITKOBY aHATOMiIO, ()i3i0JIOTiI0 IBITIHHS, EBOJIOIIHHI
HPUCTOCYBAaHHS COHSIIHUKA JUIS IIEPEXPECHOT0 KOMaxX03aIMICHHs Ta IIOBEAIHKY OKiJ IpH Horo BinBigyBaHHi. LIs pocnuHa Mae 10Bry,
LiKaBy ¥ 3aIuTyTaHy iCTOPIIO 3 MEPEBIAKPUTTAM OJIITHOCTI HOro HACIHHS 1 pernarpialico y GopMi KPYITHOKOIINKOBHUX OJTIHHHUX COPTIB
y IliBHiuHi#t AMepuri. CynBiTTS COHSIIHUKA CKIAJA€THCS 3 OJHOCTATEBUX OC3IUTIIHUX HECTIPABKHBOS3HYKOBHUX KBITOK 3 TIOKQ3HIMU
BEJIMKUMH TIEIIOCTKAMH, L0 MPHUBAOIIOIOTH 3alMIIOBayviB 1 JBOCTATEBUX IUTIAHUX TPYOUACTHX KBITOK, IIO MPOLYKYIOTH HACIHHS.
Moro uBiTiHHS PO3BHBAETHCS MOCTYMOBHM BIIKPUTTSAM KBITOK 3 IIEPEXOOM i3 UONMOBIYOT THIMHKOBOI CTaii B XKiHOUY MPHAMOYKOBY
cTajiro. B mpuposii COHSIIIHNK € epexpecHO3aMIBHOI0 POCIHHOIO, IO 3aMMIIOETHCsl KoMaxaMH. KibKICTb 1 SIKICTh ypOXKaro HaCiHHS
COHSIIIHUKA H TOCI CHIIBHO 3aJIeXKAaTh BiJl 3alIMJICHHS MEIOHOCHUMHU OJPKOJIaMH HaBITh Y BHITIAJIKY CYYaCHHX aBTO(QEPTUILHUX TiOpHIIB
Ta JOCTOBIPHO 3pOCTAE 32 HASBHOCTI 1i€i eKOCUCTeMHOT ocayru. TpyOuacTi KBITKM MPOXYKYIOTh HEKTap i MUJIOK, 110 BiIirParoTh PoJib
BUHATOPO/IM JUTs 3alHIioBadiB. HeKkTapHUKK COHSIIHMKA PO3MILIEH] IPH OCHOBI CTOBITYMKA MPSIMO HAaj KBITKOBOIO 3aB’s3310. BoHM
BUJIUISIOTH HEKTap, SIKUH OKOJIM BUKOPHCTOBYIOTH B SIKOCTI CUPOBHHHM JUIS BUPOOHUITBA Meny. IIMIsIkn COHSIIHMKA BUPOOISIOTH
BENMKY KiIbKicTh muiiky. Ha nofady 10 penpoaykTiuBHOT QYHKIIT BiH BUKOPUCTOBY€ETHCS OpkoaMu B sskocTi kopMmy. Lleit muok mae
BHCOKY €HEPIreTUYHY L[IHHICTh Yepe3 HasBHICTh )KUPHUX KHUCIOT (TOJIOBHUM YMHOM JIAypPHHOBOI, HaJbMITHHOBOI Ta 0-JTiHOJEHOBOT),
asie nedinut OUTKIB Ta HE3aMiHHMX aMiHOKHCIIOT (METiOHIHY W TpunTodaHy) 3HIKYE HOro MOXKHMBHY LiHHICTB. YibTpadioneToBuii
LUIBOBUH Bi3epyHOK COHSIITHUKOBYX CYIIBITh IIPOBOUTE OJKLI Bijl Kparo 10 CEPeNHN KOIIMKOBOTO AUCKA. BOHM BilKIIa1a0Th MIJIOK,
SIKMIA 310paiv TP BiBIAyBaHHI 1HIINX KOIIUKIB IiJl 9ac pyXy MIKPSAIIMH OPUIMOYOK KBITOK Y JKIHOYIH CTaii, a IIOTIM JOCSTaIOTh
KBITOK Yy 4OJIOBiUiil cramii mia 300py Hekrapy i muiky. Ha momady, mOCTiiiHO BHBOIATH Oararo HOBHX aBTO(EPTHIBHUX TiOpHIIB
COHSIIHUKA, 1[0 BUMAra€ OIIHKH iX MOTEHIIHOT MEIOIAfHOCTI, & TAKOXK ii MOPIBHSIHHS 31 CTAPUMH MEPEXPECHOZAMMILHIMH COPTAMH.
Knrouosi cnoea: COHSIIHUK, MEIOHOCHA OJKOJIa, 3AIlMICHHS.

Problem statement. A synthetic review of sunflower
evolutionary adaptations for cross bee pollination in
context of ecological coaction is necessary for conscious
effective management of this ecosystem service (polli-
nation of sunflower crops by honey bees).

Topicality of the research. Sunflower (Helianthus
annuus L.) is one of the most important plants among
oilseed crops in the world. Its oil is very popular due
to light taste, the stability at high cooking tempera-
tures, the absence of cholesterol, high contents of
unsaturated fatty acids and vitamin E [1; 2, p. 85; 3;
4]. This crop is pollinator-dependent and needs insects
for cross-pollination. Honey bee (Apis mellifera L.,

1758) is the most numerous and effective among its
pollinators (fig. 1).

Sunflower honey is tasty, good looking and wide-
spread due to big areas of sunflower crops and long
period their flowering [5-10]. It is interesting that
Ukraine is one of the biggest exporters of sunflower
oil [11; 12] and honey [13] in the world simultaneously.
Also beekeepers are interested in melliferous potential
of modern autofertile sunflower hybrids [14].

Connection of the author’s research with import-
ant scientific and practical tasks. The research is per-
formed in frame of research project No. 01220001217
“Monitoring and optimization of ecosystem services
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Fig. 1. Honey bees which are visiting inflorescence of
sunflower. Photo taken by Dr. Yaroslav Shpak

under conditions of destructive agroindustrial impacts
based on the concept of socioecological system”.

Analysis of recent researches and publications. In
papers [7; 9; 10] is emphasized current meaning of polli-
nation by honey bee for sunflower seed yield. Study [11]
highlights significance of sunflower cultivation and its
oil production for Ukraine. Article [13] tells about his-
tory, modern level, problems and Ukrainian potential
of honey production. Work [4] is devoted to sunflower
adaptations for attraction of pollinators. Researches [5; 6]
describe particularities of sunflower nectar productivity.

The specification of previously unresolved parts
of the general problem, the article is devoted to.
Majority of previous papers that devoted to pollination of
sunflower by honey bee are analytical and describe this
topic outside of ecological and evolutionary contexts.

Novelty. Synthetic literature review of sunflower
adaptations for bee pollination in ecological context is
performed.

Methodological and scientific significance.
Studying of sunflower floral anatomy and flowering
physiology is needed for performing of practical nectar
productivity estimation. Syntetical review of sunflower
adaptations for bee pollination is important for modern
agroecology.

Presentation of the main material. Sunflower
belongs to Compositac (Asteraceae) family [15].
The word “helianthus” is derived from the Greek
words “helios”, meaning sun, and “anthus”, mean-
ing flower. The sunflower plant origins from eastern
North America [16]. Archaeologists state that Native
Americans began to cultivate sunflower more than four
millenniums ago. Locals even squeezed oil from its seeds
long time prior to European colonization. Sunflower was
taken to Europe by Spanish explorers in 1500s and was
utilized widespread for ornamental and medicinal pur-
poses [2]. The first European record of using sunflower
seed as a source of oil is an English patent No. 408, in
1716, granted to Arthur Bunyan. Sunflower seeds came
into Russian Empire from the Netherlands in the 18th
century. The first suggestion of extracting oil from the

seed was recorded in the proceedings of the Russian
Academy in 1779. Inadvertently the Orthodox Church
of Russian Empire may have encouraged sunflower as
an oilseed because Strict Lenten regulations prohibited
many oil foods, but they omitted specific mention of
sunflower. Consequently sunflower oil became popular
as a food [17]. In the mid-twentieth century after great
breeding efforts to increase the oil content in Soviet
Union, sunflower turned into one of the most important
oil crops in the world [2; 9; 16]. Sunflower inflorescence
is located at the head (also known as “capitulum”) which
is surrounded by three rows of involucral bracts for pro-
tecting during development. There are two florets (indi-
vidual inflorescence flowers, also known as “flowers”
too) types of sunflower: showy zygomorphic ray florets
(also known as “ligulate” or “pistillate” florets/flowers)
at the head edge and actinomorphic disc florets (also
known as “perfect” or “hermaphrodite” florets/flowers)
wich are located on the remainder head place (fig. 2).

Receptacle Ray florets

Fig. 2. Longitudinal section of sunflower head.
Adapted from [15, p. 3].

Unisexual ray flowers are sterile, although they have
a pistil. Their big petals are usually golden yellow and
also may be pale yellow, orange-yellow, reddish or even
white. The sunflower disc at flowering has florets transi-
tion from pistillate to staminate stage (fig. 3).

A B C D E

Fig. 3. Stages of sunflower floret maturation:
A — unopened bud; B — staminate; C — transitional;
D — pistillate; E — wilted
Adapted from [18].
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Bisexual disc florets with pistil and stamen are fertile
(fig. 4)

Anther

Filament

Ovary

Ovule

Fig. 4. Longitudinal section of sunflower disc floret in
pistillate stage

Adapted from [19].

Their corolla (except at the tip) consists of five fused
petals. Five fused anthers in the corolla tube form the
second tube with separate filaments which attached to
the base. The s#yle is enclosed in the anther tube and
terminated distally in the bilobed stigma which is curled
outward above the anther tube [16, p. 21; 17, p. 85;
20-22]. In different papers the disk of the sunflower
inflorescence conventionally is divided into 3 regions
(also known as “zones”/’circles”/whorls), where each
occupies 1/3 its radius. In fact, it contains florets rows
that form spiral pattern wich closely is connected to the
Fibonacci sequence (fig. 5, 6).

Fig. 5. Regions of sunflower head:
S — side; M — middle; C — central

Adapted from [3].

Fig. 6. Nodes of the sunflower spiral according to the
Fibonacci metric

Adapted from [23].

The flowering (with staminate to pistillate stage tran-
sition) starts in side (also known as “outmost whorl”,
“outer circle”, “periphery”), continues in middle (also
known as “middle whorl”, “middle circle”, “middle”) and
finishes in central region (also known as “inner whorl”,
“inner circle”, “center”) of sunflower disc. Typical sun-
flower head has next florets rows toward from side to
center: wilted — staminate stage — pistillate stage —
unopened. The flowering takes 5 to 10 days for single
disc. Usually its florets are open for 2 days. On the 1 day,
in the anther tube is released own anthers pollen, on the
2 day, any pollen mass remaining is pushed up through
the stigmas, then their lobes open outward. They are
receptive for another florets pollen, but unattainable for
own pollen. The sunflower florets wilt soon after the
pollination. Their fertility can holds even 2 weeks at
pollinators absence, but durative waiting of pollination
reduces seed quantity and quality [1; 3; 19, p. 345-346;
21; 23; 24]. Naturally sunflower is an insect pollinated
plant, and the lack of pollinators causes development of
unfertilized seeds which have hulls without kernels [5;
25]. It is self-incompatible and needs coming of pollen
from another plants because fertilization between florets
of same head worsens size, oil content and germination
of seed. No exact quantity of honey bees for maximum
seed productivity is known. For estimatin of pollina-
tion activity count bees quantity per: sunflower head/
crops area or quantity their colonies per crops area
unit [19, p. 346-348]. The sunflower has different adap-
tations for attraction of pollinators. Particulary, its inflo-
rescence has UV (ultraviolet) target pattern which are
visible for compound eyes of bees (fig. 7).

It guides them toward from side to center of
inflorescence. Bees move through rows of pistillate stage
florets, thus deposite the pollen collected at previous
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Adapted from [26, p. 93].

visitations of another inflorescences, before reaching
pollen of staminate stage florets which are located in
head central region [21; 22; 26, p. 93]. Ffloral nectar
(also known as “flower nectar”) of sunflower is secreted
from the nectaries at style base directly above the ovary,
mainly at staminate stage but to pistillate stage while
the stigmas are still receptive. Timely nectar reward to
bees facilitates incoming of pollen to receptive stigmas.
Nectaries parameters vary among genotypes and impact
on the florets attraction for pollinators. Nectar quality
and quantity depend on size, shape and location density
of nectaries stomates. Florets of highly attractive
genotypes have large nectaries with more stomata than
florets of less attractive ones. Sunflower nectar has high
energy value due to presence of sugars, particularly
fructose, glucose, raffinose and sucrose [5; 18; 21; 22].
Extrafloral nectar (EFN) is secreted by nectar-producing
glands (also known as “extrafloral nectaries”) apart from
the flowers. Bees periodically collect it from the glands
in bracts and on upper leaves of sunflower, particularly
during the afternoon. They rarely collect floral nectar
simultaneously with extrafloral nectar and never do it at
the same visit of individual plant [27; 28].

Pollen of the sunflower is released from the anthers
when open the staminate stage florets [19, p. 345-346].
It contains eight fatty acids which make up the half
mass its lipids. The most abundant among them are
lauric, palmitic and a-linolenic acids. Instead, amino
acids and protein contents of sunflower pollen are
relatively low compare to other important forage plants
of bees. Particulary, contents of essential amino acids
such as methionine and tryptophan in it, are likely
below then minimum requirements for honey bees.
This composition disbalance adversely affects on their
development in case when the almost exclusive source
of pollen are the sunflower crops [29]. The anthers
tops of sunflower are covered by glandular and non-
glandular trichomes which may are dehisced, dislodged
or collected by insects at the foraging. Suggested that
trichomes contain chemical agents that play role of

Fig. 7. Sunflower inflorescence photographed in visible light (left) and under UV-lighting (right)

.

“repelents” or “attractiants” [21]. Honey bees collect
pollen mainly early in the morning and late afternoon,
probably in the association with its availability. They
actively scrape pollen from the anthers, others collect
it incidentally during the collecting of nectar and either
put it into their corbicula or discarded it. Often bees are
dusting by pollen when collect nectar (fig. 8).

A few of them scrabble over the florets in the
staminate stage for pollen without collecting nectar at
same visits, but collect nectar at others. It is interesting
that nectar-collecters with pollen visit more florets per
head than nectar-collecters without pollen [27]. A lot of
modern sunflower hybrids are the autofertile, because
their self-incompatibility is decreased because of selec-
tion against this trait. Although they are less dependent
on cross-pollination, honey bee service is still needed
for improving quantity and quality their seed yield [8;
9; 30]. There is hypothesis that self-fertile hybrids have
less melliferous potential then traditional cross-polli-
nated cultivars, but it still needs autoritetical affirma-
tion [5; 6].

The main conclusions. Sunflower gradual row flow-
ering and the male to female disk florets transition are

Fig. 8. A honey bee wich is dusted by sunflower pollen.
Photo taken by Dr. Yaroslav Shpak
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adaptations for cross-pollination. Big bright petals of
ray florets, the ultraviolet target pattern and nectaries
promote the atraction of insect pollinators. Sunflower
gives nectar which honey bees use for production of
quality honey. Instead, its pollen has relatively low total
nutrient value that is caused by composition disbalance.

Sunflower crops need honey bee pollination service for
the obtaining of high seed yield.

Prospects for using the research results. In the
future, theoretical information of this review is planned
will use for the research of nectar productivity and mellif-
erous potential of modern autofertile sunflower hybrids.
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