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ABSTRACT. In the present paper developmental disturbances which were observed in five years 
comparative research on two hybrid cultivars and population variety of sunflower were described. 
The disturbances concerned stems, flower heads, flowers and fruits. 
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Introduction 

Sunflower (Helianthus annuus L.) comes from the south-western USA and northern 
Mexico (Podsolnechnik 1975). Results of archaeological and ethnographic investiga-
tions indicate that American Indians have used its oil as food and for oiling their hair 
(Olejniny... 1992). The first records on its introduction to Europe date back from 1510, 
when it appeared in Spain. However, till the late 18th century, it was mainly an orna-
mental plant, although its seeds were also eaten (Nowiński 1970). The first herbarium 
specimen was collected in Spain in the late 16th century. Both plants with single flower 
heads and plants with branched shoots have been known since then (Olejniny... 1992). 
Tsar Peter I the Great introduced it to Russia in the late 17th century or the early 18th 
century (Podbielkowski 1992). As an oil crop it started to be cultivated on a large scale 
in the early 19th century (Gonet 1976). In Poland before the 2nd World War sunflower 
was virtually unknown (Kłoczowski 1967). The earliest Polish records on this plant 
date back from the 1920’s (Krasińska 1928), but the first attempts to introduce it into 
a large-scale cultivation were made in the late 1940’s (Moldenhawer 1948). 

Considering the application, several groups of cultivars can be distinguished within 
the species: ornamental, fodder, gnawing, and oil-seed, including older population cul-
tivars and hybrid cultivars obtained in the last 40 years by crossing selected inbred lines. 
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Among these groups, oil-seed sunflower is the most important, as it is one of the most 
widely cultivated oil crops in the world, ranking fourth after soybean, palm and rape 
(Muśnicki 1999). It is used for production of edible oil and margarine, characterized by 
a high concentration of linoleic acid − an essential fatty acid (EFA), necessary for hu-
man health (Andryukhov et al. 1975, Ziemlański and Budzyńska-Topolewska 1991). 
Even in Poland, where the climate is colder than the thermal requirements of sunflower, 
it gives the best yields among spring oil crops (Muśnicki et al. 1997). 

In this study, our aim was to analyse disturbances in development of stems, inflores-
cences and fruits of two types of cultivars and their inheritance level, as hybrid cultivars 
are generally believed to have less variable plant habit than population cultivars. Hybrid 
cultivars, thanks to the more uniform ripening, should be more suitable for mechanical 
harvesting and produce more uniform material in respect of quality. Moreover, thanks to 
heterosis in the F1 generation, they have a higher yielding potential than population 
cultivars (Kłoczowski 1967, 1983, Fick and Swallers 1972, Burlow and Kostyuk 
1980, Pirani 1980, 1981, Vranceanu et al. 1987, Łuczkiewicz 1993, Yoshida and 
Wimonrat-Sukarin 1993, Muśnicki and Toboła 1996, Toboła et al. 1996, Toboła and 
Muśnicki 1997, Ortegon and Diaz 1997, Goksoy et al. 1998, Maruthi et al. 1998). 
Because of this, hybrid cultivars gradually replace population cultivars in cultivation, 
even in countries with less favourable climatic and soil conditions for sunflower, includ-
ing Poland. However, few experimental studies have been conducted to verify this hy-
pothesis in relation to new hybrids. Kłoczowski (1975) suggests that in the variable 
Polish climate, hybrid cultivars may be less reliable in terms of yield than population 
cultivars, so their economic significance may be smaller here than in the dry climate of 
southern Europe. 

Although the variability of morphological traits, correlations between the traits, and 
their influence on yield size are well-studied in population cultivars of sunflower 
(Łuczkiewicz 1973), little is known on these properties in hybrid cultivars, especially 
under the Polish climatic and soil conditions. Insufficient information is also available 
on the biology of flowering and fruiting of hybrid cultivars, and on disturbances of these 
processes in the first generation. 

Material and methods 

The objects of the study were two hybrid cultivars (F1) of sunflower: the French cv. 
Frankasol, bred by Cargill, and the American cv. Coril, bred by Pioneer, as well as the 
Polish population cultivar Wielkopolski, grown in the IHAR station at Borowo. Seeds 
were obtained every year from these firms. 

Field trials were conducted in 1997-2001 at Przybroda near Poznań (West Poland). 
The studied cultivars were sown in 18 plot variants, with the use of two doses of nitro-
gen fertilization (60 and 120 kg N/ha) and three sowing density levels (50, 75 and 100 
thousand individuals/ha). The frequency of various disturbances was estimated for 100 
individuals from each plot every year. During ripening, fruits from such individuals 
were collected and sown next year, to analyse their inheritance in the next generation. 
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Results 

Cultivated forms of oil-seed sunflower are characterized by an erect, unbranched 
stem with a single terminal flower head. Sometimes the stem branches monopodially or 
− extremely rarely − even dichotomously (Olejniny... 1992). In this study, stem branch-
ing was also observed, especially in the lower part of the stem, but sometimes just be-
low the flower head. Such anomalies were observed in the population cultivar 
(Wielkopolski) and in the hybrid cv. Frankasol at nearly the same frequency, irrespec-
tive of agrotechnical conditions, while in the hybrid cv. Coril they were sporadic. In 
Wielkopolski, two individuals did not flower at all (in 1998). Among the thousands of 
the examined individuals in all years of the study, only one case of stem fasciation was 
observed − also in Wielkopolski in 1998. Several cases of dichotomous branching of the 
stem, sometimes even in the terminal part of the stem, leading to development of two 
flower heads, were also observed then in this cultivar. The disturbances are illustrated in 
Photograps 1-4. After sowing of seeds of these specimens, the disturbances were ob-
served very rarely in the next generation, and occurred by chance. 

Abnormal development of flower heads was caused by fusion of two or even three 
normal ones. Rarely, as a result of dichotomous division of the developing flower head, 
two independent flower heads were formed. Most frequently, in the centre of the flower 
head, additional ligulate florets developed, or with green phyllaries at the centre of the 
flower head. Quite frequent was also branching of the stem, leading to formation of 
multiple flower heads, usually smaller in size and with smaller fruits than normal (Phots 
5-12 and 2-3). Such disturbances were nearly equally frequent in Wielkopolski and 
Frankasol (6% and 5%, respectively), while in Coril they were sporadic. They did not 
depend on agrotechnical factors and were inherited casually. 

Several thousand flower heads were examined and nearly all of them were protan-
drous. Only in one flower head of Wielkopolski, the female and male reproductive or-
gans matured simultaneously. 

About 1% of flower heads, mainly in their intermediate and inner parts, contained 
florets with 2-4 fused ovaries. Usually they were surrounded by only one corolla but 
with a higher number of teeth (> 5). Such florets had numerous styles or only one fasci-
ated style with 4-8 stigmas. These disturbances were most common in Coril, and the 
least frequent in Wielkopolski. We observed also transitional forms between tubular and 
ligulate florets (Phots 13-14). In all years of the study, only one ligulate floret with a 
developed style (i.e. fertile) was found. 

Among thousands of the examined individuals, only one had albino fruits. The last 
type of disturbances consisted in fusion of 2-3 or even 4-5 fruits (Phot. 15). They re-
sulted from abnormal development of flowers, so they were also the most common in 
the intermediate and inner parts of the flower head. Such disturbances were the most 
frequent in the hybrid cv. Coril and the least frequent in the population cultivar Wielko-
polski. 

Most cases of abnormal development of stems, inflorescences and fruits were ob-
served in 1999. Our observations suggest that more frequent occurrence of fused florets 
and fruits in that year could be caused by intensive rainfall during the flowering period. 
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Discussion 

Branching types, as disturbances of sunflower morphology, have been characterized 
by Sandu et al. (1997), who determined the inheritance of this trait by crossing indi-
viduals with such anomalies and without them. The branches may be short or long, in 
the upper or the lower part, single or multiple. In wild Helianthus species stem branch-
ing is a dominant trait, while in cultivated species (H. annuus and H. tuberosus) it is 
recessive. Thus stem branching is a feature of plant wildness in this genus. In cultivated 
species the occurrence of this disturbance type is affected by the environment. Gong- 
-She and Leclercq (1987) studied the influence of various factors on the appearance of 
such disturbances. Individuals were reproduced by self-fertilization. Effects of the site 
type, date of sowing, and sowing density were significant, and the inheritance was low. 
Leclercq (1984 a) investigated the inheritance of dichotomous branching of stems. In the 
F1 generation − plants resulting from self-fertilization of individuals with disturbances − 
the percentage of such plants was high, but in the F2 generation it was much lower. 

Disturbances of flowering in sunflower, which consist in fusion of flower heads, 
were observed earlier by Mowszowicz and Hereźniak (1971). Besides, Fabry (Ole-
jniny... 1992) reported on development of multiple heads, occurrence of deformed heads 
with ligulate florets in the centre, or even heads devoid of ligulate florets. Disturbances 
in the development of single florets or fruits in the flower head were also observed by 
Vranceanu (Floarea... 1974), as well as by Hernandez and Green (1993), while dis-
turbances of whole flower heads by Palmer and Hernandez (1988). Genetic conditioning 
of formation of multiple heads was studied by El-Sahookie (1994), whereas Secerov- 
-Fiser (1999) − by diallelic crossing of 5 breeding lines − studied their inheritance and 
presented its model. Gong-She and Leclercq (1987), who observed dichotomous branch-
ing of stems, noticed that such individuals usually produced 2-3 flower heads. 

Artificially, by using various chemical substances (e.g. gibberellic acid), it is possi-
ble to produce flowers with earlier developing stigmas. By applying suitable doses of 
chemicals inhibiting development of the androecium, completely male-sterile lines have 
been obtained. In this way, new hybrid cultivars were bred by Schuster (1962/63). 
At present, cytoplasmic male sterility is used for creation of inbred lines (Leclercq 
1984 b, Trabace et al. 1996). The first author is regarded as the precursor of this 
method (Leclercq 1969). 

Conclusions 

1. Developmental disturbances in stems, flower heads and fruits were very rare and 
occurred by chance in the next generation. This suggests that the disturbances are not 
inherited but are caused by environmental factors, which is consistent with results of 
other studies. 

2. Generally, the occurrence of disturbances did not depend on the type of cultivar. 
Nevertheless, some types of disturbances were more frequent in hybrid cultivars and 
others in the population cultivar. 

3. Variable agrotechnical factors did not affect the frequency of any type of distur-
bances in any cultivar. 



Developmental disturbances in sunflower... 107

References 

Andryukhov V.G., Ivanov N.N., Turovskii A.I. (1975): Podsolnechnik. Rosselkhozizdat, 
Moskva.  

Burlov V.V., Kostyuk S.V. (1980): Sovremennoe sostoyanie i problemy selekcii gyetyerozi-
snykh gibridov podsolnechnika. Selskokhoz. Biol. 15, 5: 679-689. 

El-Sahookie M.M. (1994): Inheritance of multiple heads, male sterility and fertility restoration in 
sunflower. Iraq J. Agric. Sci. 25, 1: 161-166. 

Fick G.N., Swallers C.M. (1972): Higher yields and greater uniformity with hybrid sunflowers. 
North Dakota Agric. Exper. Stn 29, 6: 7-9. 

Floarea-soarelui. (1974). Ed. A.V. Vranceanu. Academiei Republicii Socialiste Romania, Bucuresti. 
Goksoy A.T., Turan Z.M., Acikgoz E. (1998): Effect of planting date and plant population on 

seed and oil yields and plant characteristics in sunflower (Helianthus annuus L.). Helia 21, 
28: 107-116. 

Gonet Z. (1976): Słonecznik pastewny. PWRiL, Warszawa. 
Gong-She L., Leclercq P. (1987): Influence du milieu et du genotype sur le caractere isomature 

chez le tournesol (Helianthus annuus L.). Agronomie 7, 1: 21-26. 
Hernandez L.F., Green P.B. (1993): Transductions for the expression of structural pattern: 

analysis in sunflower. Plant Cell 5, 12: 1725-1738. 
Kłoczowski Z. (1967): Badania nad metodami uzyskania heterozji w hodowli słonecznika ole-

istego. Cz. 1. Porównanie efektywności metod krzyżowania różnych odmian i linii słoneczni-
ka oleistego. Hod. Rośl. Aklim. Nasienn. 11, 1: 2-44.  

Kłoczowski Z. (1975): Studia nad niektórymi cechami słonecznika oleistego i ich znaczeniem w 
hodowli tej rośliny w Polsce. Hod. Rośl. Aklim. Nasienn. 19, 2: 89-131. 

Kłoczowski Z. (1983): Zależność plonu niełupek słonecznika oleistego od cech i właściwości 
roślin. Mater. Symp. „Genetyka ilościowa roślin uprawnych”. Zesz. Probl. Post. Nauk Roln. 
290: 375-384. 

Krasińska Z. (1928): Energetyka kiełkowania słonecznika. Acta Biol. Exper. 3, 6: 101-141. 
Leclercq P. (1969): Une sterilite male cytoplasmique chez le tournesol. Ann. Amelior. Plant. 19: 

99-106. 
Leclercq P. (1984 a): Etude sur l'heredite du caractere "isomature" chez le tournesol. Agronomie 

4, 1: 101-104. 
Leclercq P. (1984 b): Identification de genes de restauration de fertilite sur cytoplasmes 

sterilisants chez le tournesol. Agromomie 4, 6: 573-576.  
Łuczkiewicz T. (1973): Zmienność i odziedziczalność szeregu cech i właściwości naturalnych i 

indukowanych promieniami X u słonecznika (Helianthus annuus L.). PhD thesis. Maszyn. 
Katedra Genetyki AR, Poznań. 

Łuczkiewicz T. (1993): Zależność pomiędzy cechami linii wsobnych słonecznika oleistego a 
plonem ich mieszańców poly-crossowych. Zesz. Nauk. AR Wroc. 223, Roln. 58: 77-81.  

Maruthi V., Subba R.G., Vanaja M. (1998): Evaluation of sunflower genotypes under late sown 
rainfed conditions. Helia 21, 28: 97-106.  

Moldenhawer K. (1948): Uprawa i hodowla roślin oleistych. Nar. Inst. Post., Poznań. 
Mowszowicz J., Hereźniak J. (1971): Zrastanie się koszyczków u słonecznika zwyczajnego. 

Wiad. Bot. 15, 2: 159-160. 
Muśnicki Cz. (1999): Rośliny oleiste. In: Szczegółowa uprawa roślin. Eds. Z. Jasińska, A. Ko-

tecki. WAR, Wrocław: 363-493. 
Muśnicki Cz., Toboła P. (1996): Słonecznik – mało znana w Polsce roślina oleista. Top. Agr. 

Pol. 4: 30-33.  
Muśnicki Cz., Toboła P., Muśnicka B. (1997): Produkcyjność alternatywnych roślin oleistych w 

warunkach Wielkopolski oraz zmienność ich plonowania. Rośl. Oleiste 18, 2: 269-278. 
Nowiński M. (1970): Dzieje upraw i roślin uprawnych. PWRiL, Warszawa. 
Olejniny. (1992). Ed. A. Fabry. Ministerstvo Zemedelstvi CR, Praha. 



M. Kluza-Wieloch 108 

Ortegon M.A.S., Diaz F.A. (1997): Productivity of sunflower cultivars in relation to plant den-
sity and growing season in northern Tamaulipas, Mexico. Helia 20, 26: 113-120. 

Palmer J.H., Hernandez L.F. (1988): Techniques to change the number of floret and seed rows 
in the sunflower flower head. Proc. 12 Int. Sunf. Conf. Novi Sad, Yugoslavia: 156-157.  

Pirani V. (1980): Confronto fra varieta di girasole. Sementi Elette 26, 1: 15-21. 
Pirani V. (1981): Valutazione agronomica di costituzioni ibride e analisi di caratteri per 

migliorare la produzione del girasole (Helianthus annuus L.). Sementi Elette 27, 5: 17-21. 
Podbielkowski Z. (1992): Rośliny użytkowe. WSiP, Warszawa. 
Podsolnechnik. (1975). Ed. V.S. Pustowojt. Kolos, Moskva. 
Sandu I., Vranceanu A.V., Craiciu D.S., Balana I., Pacureanu I. (1997): Inheritance of 

branching types in sunflower. Genet. Slecht. 33, 3: 197-202. 
Schuster W. (1962/63): Künstliche Auslösung von männlicher Sterilität bei Sonnenblumen (He-

lianthus annuus L.). Z. Acker-Pflanzenb. 116, 4: 341-350. 
Secerov-Fiser V. (1999): Inheritance of number of heads per plant in ornamental sunflower 

(Helianthus annuus L.). J. Agric. Sci. 44, 1: 21-26. 
Toboła P., Muśnicki Cz. (1997): Kształtowanie się cech użytkowych odmian słonecznika ole-

istego (Helianthus annuus L.) w zmiennych warunkach pogody. Rośl. Oleiste 18, 2: 279-286. 
Toboła P., Muśnicki Cz., Muśnicka B. (1996): Reakcja dwóch odmian słonecznika oleistego o 

zróżnicowanym genotypie na nawożenie azotem. Rośl. Oleiste 17, 2: 423-428. 
Trabace T., Fiore M.C., D'Ambrosio C., Vanadia S., Sunseri F. (1996): Ibridi citoplasmatici 

di girasole (Helianthus annuus) evidenziati da saggi PCR (polymerase chain reaction) 
utilizzando la maschiosterilita' come carattere selezionabile. J. Genet. Breed. 50, 1: 29-34. 

Vranceanu A., Stoenescu F., Pirvu N., Iuoras M. (1987): Ameliorarea florii-soarelui si a altor 
plante oleaginoase. An. Inst. Cercet. 55: 113-140. 

Yoshida H., Wimonrat-Sukarin (1993): Cultivars differences in growth, yield and leaf blight 
resistance of sunflower. Agric. Dev. Res. Cent. Northeast, Khon Kaen, Thailand 455: 370- 
-378. 

Ziemlański Ś., Budzyńska-Topolewska J. (1991): Tłuszcze pożywienia i lipidy ustrojowe. 
PWN, Warszawa. 

ZABURZENIA ROZWOJU RÓŻNYCH TYPÓW ODMIAN  
SŁONECZNIKA ZWYCZAJNEGO (HELIANTHUS ANNUUS L.) 

S t r e s z c z e n i e  

W trakcie pięcioletnich badań nad porównaniem mieszańców liniowych z odmianą popula-
cyjną słonecznika zwyczajnego, prowadzonych w latach 1997-2001, obserwowano również zabu-
rzenia rozwoju. Dotyczyły one pędów, kwiatostanów, kwiatów i owoców. W doświadczeniu 
zastosowano dwie dawki nawożenia azotowego i trzy zagęszczenia. Najczęściej spotykano różno-
rodne zaburzenia budowy koszyczków oraz zwiększenie ich liczby na jednym pędzie. Obserwo-
wano też zrastanie się kwiatów rurkowych, co powodowało powstawanie połączonych owoców.  

Zmienne czynniki agrotechniczne nie wpływały na rodzaj i częstość występowania zakłóceń 
rozwoju różnych odmian słonecznika. Najwięcej takich anomalii zauważono w 1999 roku. Wy-
stępowanie zaburzeń nie zależało od typu odmiany. Jedne pojawiały się częściej u hybrydów, 
inne zaś u kreacji populacyjnej. W kolejnym pokoleniu obserwowane zaburzenia pojawiały się 
bardzo rzadko i w sposób przypadkowy, stąd wniosek, że nie są one dziedziczone, lecz wywoły-
wane jedynie czynnikami środowiskowymi, co potwierdziły badania innych autorów. Na przy-
kład zwiększenie się udziału zrośniętych kwiatów w koszyczku było spowodowane wzrostem 
ilości opadów w czasie kwitnienia. 


