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INTRODUCTION

The primary objective of crop breeding is to develop 
new varieties and hybrids while enhancing the existing 
ones. The ever-increasing global population, dimin-
ishing arable land, the impacts of climate change, and 
challenges related to water availability underscore the 
urgent need to augment food production by improving 
the yield potential of cultivated crops. This improve-
ment should not be limited to the acquisition of novel, 

more productive genotypes but should also encompass 
the development of innovative cultivation techniques. 
The breeding of plants for resistance to herbicides is a 
pivotal facet of this endeavor.

Weeds such as Xanthium strumarium L., Abutilon 
theophrasti Medik., Solanum nigrum L., Datura stra-
monium L., Ambrosia artemisiifolia L., Cirsium ar-
vense (L.) Scop., Sinapis arvensis L. pose a substantial 
threat to sunfl ower crops as they compete for moisture, 
nutrients, and light, signifi cantly diminishing sunfl ow-
er performance. In some regions, the ineffi cacy of ex-
isting herbicides in controlling these weeds has neces-

ISSN: 2312–3370, Agricultural Science and Practice, 2023, Vol. 10, No. 2

UDC 633.854.78:631.527

INHERITING THE RESISTANCE OF SUNFLOWER 
TO TRIBENURON METHYL UNDER INSUFFICIENT 

HUMIDIFICATION IN THE SOUTHERN STEPPE OF UKRAINE
A. S. Ilchenko*, B. F. Varenyk, N. P. Lamary, S. I. Karapira

Selection and Genetics Institute – the National Center of Seed and Cultivar Investigation,
3, Ovidiopolska road, Odesa, Ukraine, 65036

E-mail: alena_1410@ukr.net
ORCID: https://orcid.org/0000-0001-8526-4168, https://orcid.org/0000-0003-1147-6621

https://orcid.org/0000-0002-0362-1684, https://orcid.org/0009-0006-5721-815X
Received / Received / Accepted July 19, 2023

Aim. This study aimed to investigate the inheritance of resistance to sulfonylurea herbicides in sunfl ower under condi-
tions of insuffi cient humidifi cation in the southern Steppe of Ukraine. Methods. Isolation, castration, hybridization, 
herbicide application (Granstar Pro 75 % w.g., containing tribenuron methyl as the active substance (a.s.)), evaluation 
of herbicide resistance, and statistical analysis of the acquired data. Results. The investigation into the inheritance of 
resistance to sulfonylurea herbicides involved the utilization of both resistant (SURES-1, OS 1099 V, OS 2017 V) and 
non-resistant (Od 1002 B, Od 1318 V, OS 1295 V) sunfl ower genotypes. Through crossing, four F1 hybrid combina-
tions were generated, namely OS 2017 V × OS 1099 V, SURES-1 × Od 1002 B, SURES-1 × Od 1318 V, and Od 1318 
V x OS 1295 V. Subsequent treatment of F1 plants with the herbicide Granstar Pro 75 % w.g. revealed that three com-
binations (OS 2017 V × OS 1099 V, SURES-1 × Od 1002 B, SURES-1 × Od 1318 V) exhibited complete resistance to 
the herbicide. In the second generation, following herbicide treatment, the hybrid combinations SURES-1 × Od 1002 
B and SURES-1 × Od 1318 V displayed segregation into resistant and non-resistant plants. Conversely, the plants 
in the combination OS 2017 V × OS 1099 V maintained complete resistance to the herbicidal effects. Conclusions. 
The investigation, conducted in the challenging climatic conditions of the southern Steppe of Ukraine, demonstrated 
complete resistance to sulfonylurea herbicides in three hybrid combinations of both F1 and F2 generations. Notably, 
the combination OS 2017 V × OS 1099 V exhibited uniform resistance throughout the second generation, devoid of 
segregation. Moreover, the results of F2 segregation analysis in the SURES-1 × Od 1002 B and SURES-1 × Od 1318 
V populations indicated that resistance to tribenuron methyl is primarily governed by the presence of a dominant gene 
allele. These fi ndings offer valuable insights for the development of sunfl ower hybrids with enhanced herbicide resis-
tance, particularly in regions with adverse climatic conditions.
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sitated the breeding and selection of sunfl ower hybrids 
resistant to herbicides from the sulfonylurea and imi-
dazolinone groups. The development of herbicides 
resistant to tribenuron methyl (a sulfonylurea herbi-
cide) has enabled effective control of key broadleaf 
and grassy weeds in sunfl ower fi elds, including the 
parasitic weed broomrape (Orobanche cumana) (Vrb-
nicanin S et al, 2017; Clarke CR et al, 2019).

The advent of herbicide-tolerant crops has been made 
possible by a new understanding of herbicide mecha-
nisms at the molecular level and the development of in-
novative biotechnology methods (Yalcin K et al, 2018). 
In North America, wild sunfl ower (Helianthus annuus 
L.) populations have become weeds in corn and soy-
bean fi elds, necessitating extensive herbicide applica-
tion. Over time, sunfl ower plants resistant to herbicides 
from the imidazolinone (IMI) and sulfonylurea (SU) 
groups have emerged (Seiler GJ et al, 2017; Hristova-
Cherbadzhi M, 2022; White AD et al, 2002; Godar AS 
et al, 2013). This discovery has led to intensive efforts 
to create sunfl ower hybrids that are resistant to sulfo-
nylurea herbicides.

At present, two distinct sources of resistance to sul-
fonylurea herbicides have been identifi ed. In the fi rst 
instance, resistance to tribenuron methyl was trans-
ferred from wild populations of Helianthus annuus L. 
to cultivated annual sunfl owers (H. annuus L.) through 
traditional breeding methods. This effort resulted in the 
creation of two resistant lines, namely SURES-1 and 
SURES-2 (Bozic D et al, 2012; Kaya Y et al, 2012). 
The second source of resistance, denoted as SU7, was 
obtained through chemical mutagenesis using Ethyl 
Methanesulfonate (EMS) by the Pioneer company. 
Pioneer presented data demonstrating that sunfl ower 
plants acquired resistance to sulfonylurea herbicides 
via EMS-induced mutations, akin to those observed 
in wild sunfl ower populations. Following the develop-
ment of these resistant genotypes, widespread global 
investigations into the inheritance of this trait were ini-
tiated (Canadian Food Inspection Agency, 2008).

In practice, nearly all forms of herbicide tolerance 
exhibit either complete or incomplete dominance. The 
genotypes SURES-1 and SURES-2 are homozygous 
for the gene conferring resistance to tribenuron methyl. 
Crosses involving these lines produced a fi rst genera-
tion (F1) of hybrids displaying complete resistance to 
tribenuron methyl, thus indicating complete domi-
nance. To elucidate the inheritance pattern of sulfonyl-
urea herbicide resistance in source SU7, a comprehen-
sive analysis was conducted over fi ve generations. The 

study fi ndings revealed the presence of a single domi-
nant gene that segregated according to Mendel’s law, as 
evidenced by its phenotypic expression in the second 
generation (Jocic S et al, 2011; Sala C et al, 2012).

Sulfonylurea herbicides function as potent and spe-
cifi c inhibitors of the enzyme acetohydroxyacid syn-
thase (AHAS), also known as acetolactate synthase 
(ALS) (Jocic S et al, 2011; Kolkman JM et al, 2004). 
These herbicides offer several advantages, including 
their effectiveness at low application rates, a broad 
spectrum of weed control, and a relative lack of toxic-
ity to animals (Bozic D et al, 2015). Once applied to the 
leaves and roots of target weeds, these substances rap-
idly translocate throughout the entire plant, ultimately 
leading to its demise. Herbicides containing the active 
ingredient tribenuron methyl are particularly known 
for their rapid action and are recommended for post-
germination treatments (Santos G et al, 2012; Jursik M 
et al, 2017).

The primary aim of this study is to investigate the in-
heritance patterns of sulfonylurea herbicide resistance 
in sunfl owers through hybridization analysis under 
conditions of insuffi cient humidifi cation in the south-
ern Steppe of Ukraine. 

MATERIALS AND METHODS

The research was conducted in the fi elds of the Se-
lection and Genetics Institute – National Center of 
Seed and Cultivar Investigation (SGI-NCSCI) within 
the scientifi cally established crop rotation plan for the 
years 2018 to 2020. The study site was located in the 
department of selection and seed study of cross-polli-
nating crops in the village of Dachna, Biliaiiv district, 
Odesa region, Ukraine. 

The southern Steppe of Ukraine, where the study was 
conducted, experiences a notable continental climate 
with dry summers. According to the long-term data 
collected by the Odesa agrometeorological station, 
the average annual air temperature in this region is ap-
proximately +9.6 °C, with peak temperatures reaching 
around +30 °C. The accumulated sum of temperatures 
above 10 °C ranges between 3,200 and 3,400 degree-
days. Annually, the region receives a limited amount of 
precipitation, typically averaging about 350–390 mm. 
The relative air humidity for the year averages around 
62 %, with a hydrothermal coeffi cient of 0.7–0.8.

Summer temperatures in the region are notably high. 
The long-term average daily temperature for June is 
+19.6 °C, for July it is +22.5 °C, and for August, it is 
+21.0 °C. These high temperatures can result in soil 














