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Abstract: The foliar fungal disease Septoria leaf spot is economically important for
sunflowers. It develops most intensively during the wet and warm season. However,
the genetic nature of sunflower resistance to Septoria leaf spot is still not clear. The
purpose of our work was to identify some inheritance patterns of sunflower resis-
tance to this disease based on the assessment of lines and hybrids of the first and
second generations. The studied material was sown in 2020 and 2021 and subse-
quently grown on a stationary artificial infectious plot enriched with Septoria heli-
anthi pathogen. The frequency of infection and the severity of infection of each
sample were taken into account. The two-factor variance analysis revealed a sig-
nificant influence of genotype on the frequency of infection in six sunflower lines
and confirmed the effect of individuality of the response of individual genotypes to
disease damage. It was shown that about 65 % of the total variation of the trait is due
to the genetic nature of the line, and only a little more than 20 % and about 11 % – to
the influence of the environment and the “genotype × environment” interaction
respectively. Based on disease damage data in 2020 and 2021, the lines were classified
as susceptible, moderately susceptible, moderately resistant and resistant. Differ-
entiation of lines according to sensitivity to Septoria leaf spot made it possible to
obtain hybrids with different manifestations of the trait in their parents. The nature
of inheritance of infection frequency in F1 sunflower hybrids was determined by the
degree of dominance. As a result, it was revealed intermediate inheritance, as well as
positive and negative overdominance of the trait. The severity of infection by
S. helianthi pathogen in F1 hybrids was inherited according to the type of parental
form with greater resistance to the disease. F2 populations were found to inherit
infection frequency from themore resistant parent, showing a proportion of infected
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plants similar to that of themore resistant line from a given cross combination. It has
been shown that the frequency of infection of the F2 population with Septoria leaf
spot can be affected by the severity of infection of F1 plant with the pathogen
S. helianthi.

Keywords: frequency of infection; inheritance pattern; lines, F1 and F2 hybrids;
Septoria leaf spot; severity of infection; sunflower.

1 Introduction

Sunflower is the fourth largest oilseed crop in the world, because its cultivation is
associated with a relatively short growing season. Sunflower is used in many in-
dustries, food and medicine (Fernandez-Luqueno et al. 2014).

The crop is usually grown in warm and temperate semi-arid climate regions of
the world from Argentina to France, China, Turkey and Central Africa (Fernandez-
Luqueno et al. 2014). In Ukraine, sunflower makes up 70 % of all cultivated oil crops,
as it is a strategically important crop in agriculture. Ukraine is one of the main
countries of the total world export of sunflower oil. However, the violation of crop
rotation inmany regions leads to a decrease in soil fertility and the spread of diseases
(Polevoy et al. 2013).

Diseases have a negative effect on sunflower cultivation. Diseases are caused by
viruses, bacteria and pathogenic fungi. Some diseases are themost damaging, such as
leaf spots, including Septoria leaf spot (Leite 2014).

Sunflower Septoria leaf spot is caused by the fungus Septoria helianthi, which is
widespread throughout the world. After damage, small spots of irregular shape from
yellow to dark brown appear on the plants. The infection from the lower tiers
gradually spreads to the upper leaves. Then the spots merge and the leaves wither
and dry (Irum 2009). Under the action of the pathogen S. helianthi, there is a decrease
in the content of chlorophyll in the leaf, a decrease in the yield and the weight of a
thousand seeds (Brand et al. 2020; Irum 2009).

One of themore cost-effectivemethods compared to the use of chemicals in plant
protection is the use of tolerant or resistant genotypes. The priority in the fight
against Septoria leaf spot is genetic resistance, that is, the creation of resistant
samples (Leite 2014).

However, the genetic nature of sunflower resistance to Septoria leaf spot is
practically unknown today. Information about immunity in sunflower samples
against the pathogen is quite scarce. Wild sunflower Helianthus annuus has only
been reported to have genes for resistance to the pathogen (Block 2005). Gulya et al.
(2010) also note that wild Helianthus species are better sources than cultivated
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sunflowers of some diseases resistance genes, including Septoria leaf spot. Variations
in resistance to Septoria leaf spot among inbred lines of sunflower were quite briefly
noted in their research by Carson and co-authors (1986).

More information about genetic resistance to Septoria is available in other crops,
primarily wheat. In early studies of the genetic nature of wheat resistance to this
disease, genes for immunity or complete resistance to Septoria tritici blotch were not
detected, and the inheritance of resistance remained unclear (Nelson and Marshall
1990). Later studies of wheat resistance to S. tritici blotch in the field showed that the
inheritance of resistance can follow dominant, partially dominant, epistatic, reces-
sive, additive and non-additive gene action (Berraies et al. 2014). It was established
that the level of resistance of some Iranianwheat genotypes (Triticum aestivum L.) to
S. tritici blotch was under the control of additive and dominant gene effects (Sahbi
et al. 2011). According to Chartrain et al. (2005), one line of Portuguese wheat had
three specific genes for resistance to the pathogen, as well as good levels of
nonspecific partial resistance. Complex genetic control of resistance to Septoria is
indicated by the results of studies in which highly resistant genotypes of winter
wheat were obtained in crossings with two susceptible parents (Wicki et al. 1999).
The presence of significant intraspecific variability in sensitivity to Septoria pass-
erinii and Septoria melissae was also noted in barley (Toubia-Rahme and Steffenson
2004) and Melissa officinalis (Kovács et al. 2019), respectively.

At the same time, some researchers point to monogenic control of disease
resistance. Thus, studies of the inheritance of resistance in F2 and F3 offspring of Agili
durumwheat to S. tritici blotch showed that resistance in this case is provided by one
dominant gene (Sahbi et al. 2011). Kim and co-authors (2004) studied the inheritance
of winter wheat resistance to leaf spot caused by the pathogen Stagonospora nodo-
rum. They established that resistance in F1 and F2 was caused by one dominant gene.
However, the phenotypic manifestation of the disease in F3 did not follow a similar
pattern of genetic control.

The purpose of our research was to differentiate a number of sunflower lines
according to sensitivity to Septoria leaf spot, evaluate hybrids of the first and second
generations from crossing lines with different contrast to the disease in the condi-
tions of a stationary artificial infectious plot, and identify some features of inheri-
tance of resistance to the pathogen.

2 Materials and methods

The researchwas carried out in 2020–2021 on the stationary artificial infectious plot of the Institute of
Oilseed Crops of the National Academy of Agricultural Sciences. The stationary infectious plot was
organized in the field crop rotation of the Institute of Oilseed Crops in 2005 to evaluate the breeding
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material of oilseeds for a complex of diseases, including Septoria leaf spot. Every year it is enriched
with infected plant residues collected in different regions of the Ukraine. The stationary infectious
plot of the Institute is located in the northwestern part of the Zaporozhye region of Ukraine.

Septoria leaf spot damage analysis was performed in sunflower breeding lines and their F1 and
F2 hybrids. F1 plants were obtained from crossing ZL22A, ZL58A, ZL70A, ZL78A, ZL169A lines (origi-
nator – Institute of Oilseed Crops of NAAS)withHA-R7 line (originating from the USA). TheHA-R7 line
was chosenbecause in some years itwas the best in terms of resistance of Septoria leaf spot, including
in 2019, when thematerial was screened for our research (Levitskaya and Lyakh 2022). Each F2 family
was derived from self-pollination of one F1 plant with varying severity of infection.

The seeds of lines, F1 and F2 hybridswere sownbyhand in three separate blocks. The seeds of the
lines were sown in a block with randomization on single-row plots with 10 rows of holes with a
distance between holes of 35 cm, two seeds per hole, in two replications. Hybrid seeds were sown
without randomization. The seeds of F1 samples were sown by hand in plots with 10 rows of holes
with a distance between holes of 70 cm, two seeds per hole. The seeds of F2 samples were sown
according to the scheme of the first generation samples with a distance between holes of 35 cm.
Plantings were made on April 23, 2020 and April 29, 2021. The plants were assessed on July 8–10, 2020
and July 14–17, 2021.

Theweather conditions of 2020–2021 during the sunflower growing seasonwere quite favorable
for the development of Septoria leaf spot (Table 1).

It can be seen from the table that the temperature during the growing season of sunflower in
both years of research was relevant for this region with continental climate. In general, the average
monthly temperature indicators of 2020 and 2021 differed slightly from themulti-year average. As for
the amount of precipitation, the years of research turned out to be quite contrasting. So, in June 2020,
73.9 mm of precipitation fell, while at this time in 2021, the amount of precipitation was 177.0 mm,
which is three times more than the multi-year figure. The amount of precipitation for the entire
growing season of sunflower (May–August) in 2020was 198.5 mm,which does not exceed the average
annual indicators. In 2021, 307.8 mm of precipitation fell during this period, which is significantly
higher than the usual annual average. The wettest months were June and July (146.9 and 229 mm of
precipitation, respectively), which are quite high humidity indicators for this region.

Therefore, the weather conditions of 2020 and 2021 in the first half of the growing season
differed from the average long-term indicators with an increased amount of precipitation, especially
in 2021. The air temperaturewasmoderate during the two experimental years and practically did not
differ from the long-term indicators. Such weather conditions were exceptionally favorable for the
development of foliar fungal diseases.

Table : Weather conditions during growing season of sunflower, -.

Indicators Year Months

V VI VII VIII

Average temperature, t °C  . . . .
 . . . .
Average longterm rates . . . .

Rainfall, mm  . . . .
 . . . .
Average longterm rates . . . .
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The assessment of the damage to the plant by Septoriadiseasewas carried out in R 5.2–5.3 stages,
by visual inspection of all leaves according to ourmodified scale: – no lesions on all leaves; ± only the
lower leaves are affected (minor lesions); + affected leaves of the lower and middle part of the plant
(average lesions); ++ lesion is present on all leaves (severe lesions) (Levitskaya et al. 2022).

Two indicatorswere taken into account – infection frequency (the susceptibility of the genotype
or disease damage) and the severity of its infection (degree of damage). The first indicator was
defined as a proportion of affected plants to the total number of plants, in percent. The severity of
disease was calculated as a proportion of plants with lower, middle, and upper tier leaves infected to
the actual number of plants, in percent.

Statistical processing of the obtained data was carried out using the Microsoft Excel application
program package (Kronthaler 2023). To identify significant differences (p < 0.05) between the lines in
susceptibility to Septoria leaf spot, a two-factor analysis of variance (ANOVA) was performed.
A paired t-test for the means was used to identify differences between certain lines. The strength of
the influence of the genotype, environment and their joint action on the manifestation of the
analyzed trait was determined by the Plokhinsky method (Lakin 1990).

The percentage error was determined by the formula:

sp =
̅̅̅̅̅̅̅̅̅̅̅̅
P × (100 − P)

n
,

√

where sp is the percentage error; P is the percentage of infected plants; n is the total number of
analyzed plants (Rokitsky 1973).

The nature of the dominance of infection frequency in the first generation of hybrids was
determined by the formula:

hp = F1 −MP
P −MP

,

where F1 is the arithmetic mean of the first generation hybrids; MP is the arithmetic mean of the
characteristics of two parental forms; P is the arithmetic mean of the parent formwith a higher level
of the trait (Beil and Atkins 1965).

According to the value of hp, the nature of inheritancewas determined, taking into account that:
hp = 0 – absence of dominance; hp > +1.0 – positive overdominance (heterosis); +0.5 < hp ≤ +1.0 –

positive dominance; −0.5 ≤ hp ≤ +0.5 – intermediate inheritance; −1.0 ≤ hp < −0.5 – negative domi-
nance; hp < −1.0 – negative overdominance (depression).

Dominance coefficients were not determined in the case when the difference between parental
forms according to Student’s t-test was insignificant.

3 Results and discussion

3.1 Evaluation of sunflower lines by Septoria leaf spot
susceptibility and their differentiation

The conducted two-factor variance analysis of Septoria leaf spot damage
indicators of six linear sunflower samples during 2020–2021 revealed a significant
(p < 0.05) influence of genotype, environment, as well as the combined effect of
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“genotype × environment” on the level of phenotypic manifestation of the
infection frequency, and thus statistically confirmed the effect of weather con-
ditions of the year and the individuality of the response of individual genotypes to
disease damage. An assessment of the influence of factors on the resulting trait,
which was determined using the Plokhinsky method, showed that about 65 % of
the total variation of the trait is due to the genetic nature of the line, a little more
than 20 % – to the influence of the environment, and only about 11 % – to the
“genotype × environment” interaction (Table 2).

As can be seen from Table 2, the studied six sunflower lines create a series by
Septoria leaf spot damage: ZL58A, ZL22A, ZL169A, HA-R7, ZL78A, ZL70A, where the
ZL58A line is characterized by the highest expression of the symptom, and the ZL70A
sample is the lowest. Despite the fact that this order is rather arbitrary due to the
variation of the trait by year, it gives a general idea of the material used by us for
obtaining hybrids and analyzing inheritance.

Based on Septoria infection data in 2020 and 2021, ZL58A and ZL22A were clas-
sified as susceptible, HA-R7 as moderately susceptible, ZL169A as moderately resis-
tant, and ZL78A and ZL70A as resistant. The last two lines showed stability in both
years of research, differing significantly from all other lines.

A paired t-test for the means showed that the HA-R7 line significantly (p < 0.05)
differed in Septoria leaf spot susceptibility from all other five lines in 2020, and from
ZL58A, ZL78A and ZL70A in 2021. However, in hybrids with its participation, in some
cases, it acted as amore stable parent (ZL22A×HA-R7 and ZL58A×HA-R7), in others –
as a less stable component of crossing (ZL70A × HA-R7, ZL78A × HA-R7,
ZL169A × HA-R7).

Table : Infection frequency with Septoria helianthi among sunflower lines on a stationary artificial
infectious plot, –.

Line Infected plants, % Infection response

 

ZLA . ± .ab . ± .b S
ZLA . ± .ab 

ab S
ZLA . ± .a . ± .a R
ZLA . ± .a . ± .a R
ZLA . ± .ab . ± .b MR
HA-R . ± .b . ± .b MS
aDifferences from HA-R line are significant at р < .; bdifferences from ZLA and ZLA lines are significant at
р < .; S = susceptible, MS = moderately susceptible, R = resistant, and MR = moderately resistant.
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3.2 Evaluation of Septoria leaf spot damage of sunflower lines
and hybrids

Tables 3 and 4 show the data obtained in 2020 and 2021 on the infection frequency
and severity of infection of the lines, F1 hybrids from the crossing of Zaporozhye
breeding lines with the HA-R7 line and F2 hybrids after F1 self-pollination.

As can be seen from Table 3, the line HA-R7, which acted as the male parent for
the hybrids of the first and second generations, had about 40 % of plants affected by
the disease. The leaves of the lower (20.2 % of plants) and middle (18.2 % of plants)
tiers were mainly affected. No damage to the entire plant was detected. The ZL22A
line was much more affected by Septoria leaf spot than the HA-R7 line (89.2 % of
affected plants). The majority (58.5 %) of the plants had symptoms of the disease on

Table : Assessment of Septoria leaf spot infection in the parental lines, F and F sunflower hybrids, .

Genotype Severity of infection in
F plant

Number of
plants

Severity of infection,
%

Infected
plants, %

− ± + ++

Parental lines

ZLA . . . . .
ZLA . . . . .
ZLA . . – – .
ZLA . . – – .
ZLA . . . – .
HA-R . . . – .

F hybrids

ZLА × HA-R  . . . . .
ZLА × HA-R  . . . . .
ZLА × HA-R  . . – . .
ZLА × HA-R  . . . – .
ZLА × HA-R  . . – – .

F hybrids

ZLА × HA-R −  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R +  . . . – .
ZLА × HA-R +  . . . – .
ZLА × HA-R −  . . . – .
ZLА × HA-R −  . . . – .
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Table : Assessment of Septoria leaf spot infection in the parental lines, F and F sunflower hybrids, .

Genotype Severity of infection in
F plant

Number of
plants

Severity of infection
%

Infected
plants,%

− ± + ++

Parental lines

ZLA . . . . .
ZLA – – . . .
ZLA . . . – .
ZLA . . . – .
ZLA . . . – .
HA-R . . . – .

F hybrids

ZLА × HA-R  . . . – .
ZLА × HA-R  . . . – .

F hybrids

ZLА × HA-R −  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R +  – . . . 

ZLА × HA-R −  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R +  . . . . .
ZLА × HA-R +  . . . – .
ZLА × HA-R −  . . . . .
ZLА × HA-R −  . . . . .
ZLА × HA-R ±  . . . . .
ZLА × HA-R ±  . . . . .
ZLА × HA-R −  . . . – .
ZLА × HA-R −  . . . . .
ZLА × HA-R ±  . . . . .
ZLА × HA-R ±  . . . – .

Bold indicates a significant excess in infection frequency over F families from uninfected F plants within one crossing
combination.
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the leaves of the lower and middle tiers, and about 30 % of the plants – on the leaves
of the entire plant. Only 1.5 % of plants had minor damage. The F1 hybrid of the
ZL22A × HA-R7 combination was affected by the disease less than the ZL22A line, but
more than the HA-R7 line. Most of the hybrid plants (48.1 %) had minor damage, that
is, they were characterized by damage to the leaves of only the lower layer. There
were quite a few plants with more severe damage.

Among the lines, ZL58A had the most disease damage. Thus, 97.9 % of the plants
of this line were affected by Septoria leaf spot. One half of these plants hadmid-layer
leaves affected, while the other half had the entire plant affected. There were only
6.5 % of plants with a minor degree of damage. The F1 hybrid ZL58A × HA-R7 was
characterized by severe disease damage (80.8 % of affected plants), but was more
resistant than ZL58A by this indicator. Significant differences from thematernal line
were observed in terms of the degree of damage. Most of the affected hybrid plants
had symptoms of the disease only on the leaves of the lower tier (57.7 % of plants).
There were very few plants with severe damage (3.9 %).

One of the least affected maternal lines was the ZL70A line. There were only
12.5 % of affected plants. The degree of damage to the plants was insignificant, that is,
only the leaves of the lower tier were affected. The F1 hybrid ZL70A × HA-R7 had
20.8 % of plants affected by Septoria leaf spot. Almost all affected plants showed
symptoms of the disease mainly on the leaves of the lower tier, as did the parent line
ZL70A of this hybrid.

Line ZL78A, like the previous line ZL70A, was the least affected by the disease. It
was also similar to the ZL70A line in terms of quantitative and qualitative indicators
of damage. Therewere about 13 % of diseased plants, and all of themhad lesions only
on the lower leaves. The F1 hybrid ZL78A ×HA-R7 had 40.0 % of plants affected by the
disease. According to the degree of damage, almost all of them (35 %) were charac-
terized by minor damage, as was the ZL78A line.

Line ZL169A in 2020 was quite resistant to Septoria leaf spot and had about 80 %
of healthy plants. Only slightly more than 20 % of the plants were affected by the
disease, of which 15.6 % had minor lesions, and 6.3 % of the plants had symptoms of
the disease on the lower and middle layers of the leaves. The F1 hybrid of the
ZL169A ×HA-R7 combination was close to the maternal line of the hybrid in terms of
damage and had 83.8 % healthy plants. 16.2 % of plants were affected by Septoria leaf
spot. All of them had a slight degree of damage, characteristic of the ZL169A line.

Table 4 shows that compared to 2020, in 2021 both lines and hybrids of the first
and second generations were much more affected by Septoria leaf spot. The HA-R7
line in 2021 had more than 90 % of affected plants and was almost indistinguishable
from themost susceptible to Septoria leaf spot lines – ZL22A and ZL58A. However, the
majority of HA-R7 plants (58.8 %) had lesions on the lower leaves, and a third of the
affected plants had lesions on the leaves of the lower and middle tiers. Line ZL22A
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was one of the highly susceptible to the disease, as in 2020. 97.5 % of the plants were
affected by the pathogen, of which 10.0 % of the plants hadminor damage, 37.5 % had
moderate damage, and 50.0 % of the plants had severe damage.

The ZL58A line was the most affected by Septoria leaf spot, as in 2020. She had
100 % affected plants. According to the severity of infection, more than 70 % of the
plants of this line had damage to the entire plant. The ZL70A line was the least
affected among the lines, although it had a higher percentage of diseased plants in
2021 (34.8 % vs. 12.5 % in 2020) compared to the previous year. Affected plants had a
slight and medium degree of damage, i.e. they had symptoms of the disease on the
leaves of the lower and middle layers. In 2021, the ZL78A line had 50.0 % affected
plants. The severity of infection in 36.8 % of diseased plants was insignificant, and
in 13.2 % – average. Line ZL169A had 88.6 % of plants affected by Septoria leaf spot,
although in the previous year there were only 21.9 %. According to the degree of
damage, the largest number of diseased plants (71.4 %) had symptoms of the disease
on the leaves of the lower tier, and 17.2 % of the affected plants had medium
damage.

The F1 hybrid of the ZL22A ×HA-R7 combination, as well as both parent lines of
the hybrid, had a rather strong disease lesion − 91.7 %. However, the severity of
infection of the hybrid practically did not differ from the parent line HA-R7. Most of
the plants (58.4 %) had minor damage, and 33.3 % had moderate damage. The F1
hybrid ZL70A × HA-R7 had 60.0 % of plants affected by Septoria leaf spot, and the
severity of infection varied from slight (55.0 % of plants) to moderate (5.0 % of
plants).

3.3 Inheritance of susceptibility to Septoria leaf spot in F1 and F2
sunflower hybrids

The nature of inheritance of Septoria leaf spot damage in the first generation of
sunflower hybrids was determined by the degree of dominance (Table 5).

The degrees of dominance obtained in 2020 based on the results of the analysis of
the F1 hybrids in most cases revealed intermediate inheritance, as well as positive
and negative overdominance of the trait “infection frequency”. For the F1 hybrid
ZL70А × HA-R7, the indicator of the degree of dominance did not change in 2021,
demonstrating the intermediate inheritance of the investigated trait.

The analysis of the F1 hybrids and their parental components carried out in 2020
proved that the hybrids inherited the severity of infection characteristic of a more
resistant line from this crossbreeding combination (Table 3). In F1 hybrids
ZL22A ×HA-R7 and ZL58A×HA-R7, the HA-R7 linewasmore stable. Affected plants of
these hybrids showed symptoms of the disease mainly on the leaves of the lower and
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middle tiers, just like the HA-R7 line, in contrast to lines ZL22A and ZL58A, in which
symptoms of the disease were observed on the leaves of the middle tier or the entire
plant. In three other hybrids of the first generation (ZL70A × HA-R7, ZL78A × HA-R7
and ZL169A×HA-R7), theHA-R7 linewas less resistant to thematernal components of
the hybrids. The symptoms of the disease in the specified hybrids were observed
mainly on the leaves of the lower layer, as well as in the lines more resistant to
HA-R7 − ZL70А, ZL78А and ZL169А. A similar pattern can be observed in 2021 when
analyzing F1 hybrids of ZL22A × HA-R7 and ZL70A × HA-R7 crossing combinations
(Table 4).

Analyzing the resistance to Septoria leaf spot of F2 families, it is possible to
identify the pattern of inheritance of the trait “infection frequency” according to the
type of a more resistant parent. Thus, in populations F2 of crossing combinations
ZL70A × HA-R7 and ZL78A × HA-R7 under the conditions of a stationary artificial
infectious plot of 2020, there were about 14 % of infected plants, while resistant
parents showed about 13 % of diseased plants (ZL70A and ZL78A), respectively, and
unstable parent −38 % (HA-R7). In F2 populations, combinations of crossing
ZL58A ×HA-R7 plants with symptoms of the disease ranged from 23.3 to 38.1 %, while
the more resistant parent from this pair of HA-R7 showed 38 % of the affected plants,
and the non-resistant ZL58A − about 100 % (Table 3). A similar pattern can be traced
in 2021, despite the fact that the disease damage of all analyzed plant material was
significantly higher than in 2020 (Table 4).

When assessing the F2 populations in 2020, the presence of Septoria blight on the
F1 hybrid plant was taken into account, as a result of self-pollination of which this
population of F2 hybrids was obtained. As can be seen from Table 3, the F2 pop-
ulations of the ZL58A × HA-R7 combination, obtained from F1 plants not affected by

Table : The degree of dominance of Septoria leaf spot symptoms in the first generation of sunflower
hybrids.

Genotype of F hybrid Degree of dominance Type of inheritance



ZLА × HA-R −. Intermediate inheritance
ZLА × HA-R . Intermediate inheritance
ZLА × HA-R −. Intermediate inheritance
ZLА × HA-R . Positive overdominance
ZLА × HA-R −. Negative overdominance



ZLА × HA-R −. Intermediate inheritance
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Septoria leaf spot, included about 75 % of plants free from infection. In turn, F2
populations from self-pollination of F1 hybrids with disease symptoms on the whole
plant had from 61.9 to 69.7 % of healthy plants. The small volume of the last two plant
populations F2 combination ZL58A × HA-R7 is due to poor seed germination, which
was only 10.5–16.5 %. Plants of the second generation of crossing combinations
ZL70A ×HA-R7 and ZL78A ×HA-R7 were obtained only from F1 plants not affected by
Septoria leaf spot. The F2 hybrids of these combinations were found to be more
resistant than the F2 populations of the ZL58A × HA-R7 combination, showing more
than 86 % of plants free of S. helianthi pathogen at all.

In 2021, F2 populations of all five crossing combinations were evaluated for
resistance to Septoria leaf spot (Table 4). Within each combination, both progeny of
healthy F1 hybrid plants and F1 plants with disease symptoms were presented.
Comparing three F2 populations of the ZL22A × HA-R7 cross combination with each
other, it can be seen that the population obtained from the self-pollination of the F1
hybrid plant without symptoms of the disease significantly exceeded the two other
populations in resistance to Septoria, whichwere the offspring of the F1 hybrid plants
with severe damage to the entire plant. Within the ZL58A × HA-R7 combination, F2
families varied significantly in disease incidence both in the group of progeny from
healthy F1 plants and infected ones. However, the range of variation in the first case
was 48.3–87.7 %, and among F2 families from F1-affected plants it was 59.3–100 %. In
the ZL70A × HA-R7 cross combination, families were also found to have significantly
more Septoria leaf spot damage when they were obtained from F1 infected plants.

It should be noted that the nature of themanifestation of the quantitative trait in
hybrids is determined by the ratio of recessive and dominant alleles and the features
of the interaction of genes in parental forms, as well as the specificity of the reaction
of the hybrid genotype to the factors of the growth environment. The degrees of
dominance obtained from the analysis of the first generation of hybrids revealed
intermediate inheritance of the “infection frequency” trait in three out of five hy-
brids. Overdominance effects were also observed. The significant dependence of the
degree of dominance of Septoria leaf spot damage on the combination of crossings
indicates that genes with an additive effect play an important role in the control of
the trait in some lines, while overdominance effects are observed in others. Resis-
tance to Septoria foliar disease due to additive and dominant gene effects was pre-
viously observed in wheat (Bastam et al. 2010; Simon et al. 2004; Zhang et al. 2001).

In our earlier studies on limited material and under the conditions of 2019,
which specifically affected the manifestation of Septoria leaf spot in sunflower hy-
brids, we assumed the presence of cytoplasmic effects and the dominance of sensi-
tivity in the genetic control of this disease (Levitskaya and Lyakh 2022). But
subsequent and more extensive research formed our opinion that most F1 hybrids
were characterized by intermediate inheritance of the trait “infection frequency”,
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and the severity of infection by the pathogen was inherited according to the type of
parental form with greater resistance.

As already noted in our work, sometimes the offspring of F1 hybrid plants
infected with the pathogen S. helianti were characterized by a higher infection
frequency compared to the offspring of healthy F1 plants. This fact testifies in favor of
the fact that the infection could be transmitted with seeds, which led to a higher
proportion of diseased plants in F2. With respect to sunflower, there is still a dis-
cussion about the transmission of this infection by seeds. However, the possibility of
spreading Septoria disease with seeds has been convincingly shown in other crops
(Majumder et al. 2013; Tok and Kurt 2019).

4 Conclusions

In terms of Septoria leaf spot damage, the studied sunflower lines of Zaporizhzhya
breeding and the HA-R7 line of USA origin create a series of ZL58A, ZL22A, ZL169A,
HA-R7, ZL78A, ZL70A, where the ZL58A line is characterized by the highest trait
value, and the ZL70A sample is the lowest. Based on Septoria infection data in 2020
and 2021, ZL58A and ZL22A were classified as susceptible, HA-R7 as moderately
susceptible, ZL169A as moderately resistant, and ZL78A and ZL70A as resistant.

According to the results of the two-factor variance analysis of Septoria leaf spot
damage indicators of six linear sunflower samples, a significant (Р < 0.05) influence of
genotype, environment and the interaction “genotype× environment” on the level of
phenotypic manifestation of the trait “infection frequency” was revealed. It was
shown that about 65 % of the total variation of the trait is due to the genetic nature of
the line, slightly more than 20 % – to the influence of the environment, and about
11 % – to the “genotype × environment” interaction.

The analysis of the first generation hybrids obtained from the crossing of the
Zaporizhzhya breeding lines with the HA-R7 line, in most cases, revealed interme-
diate inheritance, as well as positive and negative overdominance of the “suscepti-
bility to Septoria leaf spot” trait. This indicates that the genetic control of Septoria leaf
spot damage is carried out by an additive-dominant system of genes.

It was established that in F1 sunflower hybrids, the severity of infection by
S. helianthi pathogen was inherited according to the type of parental form with
greater resistance to the disease.

F2 populations inherited Septoria leaf spot resistance from the more resistant
parent, showing a proportion of infected plants close to the more resistant line from
this cross combination. It was found that the number of plants affected by Septoria
leaf spot in the F2 population can be affected by the presence or absence of pathogen
infection in the F1 hybrid plant.

Septoria leaf spot infection in sunflower 73



Author contributions: All the authors have accepted responsibility for the entire
content of this submitted manuscript and approved submission.
Research funding: None declared.
Conflict of interest statement: The authors declare no conflicts of interest regarding
this article.

References

Bastam, S.V., Ramezanpour, S.S., Soltanloo, H., Kia, S., Kalate, M., and Pahlevani, M.H. (2010). Inheritance
of resistance to septoria tritici blotch (STB) in some Iranian genotypes of wheat (Triticum aestivum L.).
Int. J. Genet. Mol. Biol. 2: 034–042.

Beil, G.M. and Atkins, R.E. (1965). Inheritance of quantitative characters in grain sorghum. Iowa State Coll.
J. Sci. 39: 345–358.

Berraies, S., Ammar, K., Gharbi, M.S., Yahyaoui, A., and Rezgui, S. (2014). Quantitative inheritance of
resistance to Septoria tritici blotch in durum wheat in Tunisia. Chil. J. Agric. Res. 74: 36–40.

Block, C.C. (2005). Evaluation of wild Helianthus annuus for resistance to Septoria leaf blight. In: Proc 27th
sunflower research workshop, Fargo, ND.

Brand, S.I., Heldwein, A.B., Radons, S.Z., Maldaner, I.C., Hinnah, F.D., Guse, F.I., and Rosa da Silva, J. (2020).
Effect of Alternaria and Septoria spot on sunflower yield. Int. J. Biometeorol. 64: 2153–2160.

Carson, M.L. (1986). Effects of two foliar pathogens on seed yield of sunflower. Plant Dis. 71: 549–551.
Chartrain, L., Joaquim, P., Berry, S.T., Arraiano, L.S., Azanza, F., and Brown, J.K.M. (2005). Genetics of

resistance to Septoria tritici blotch in the Portuguese wheat breeding line TE 9111. Theor. Appl. Genet.
110: 1138–1144.

Fernandez-Luqueno, F., Lopez-Valdez, F., Miranda-Arambula, M., Rosas-Morales, M., Pariona, N., and
Espinoza-Zapata, R. (2014). An introduction to the sunflower crop. In: Arribas, J. (Ed.). Sunflowers:
growth and development, environmental influences and pests/diseases. Nova Science Publishers, New
York, pp. 1–18.

Gulya, T., Marek, L.F., and Gavrilova, V. (2010). Disease resistance in cultivated sunflower derived from
public germplasm collections. In: Proceedings of the international symposium. Sunflower breeding on
resistance to diseases. Krasnodar, Russia, pp. 7–18.

Irum, M. (2009). Sunflower disease and insect pests in Pakistan: а review. Afr. Crop Sci. J. 17: 109–118.
Kim, Y.K., Brown-Guedira, G.L., Cox, T.S., and Bockus, W.W. (2004). Inheritance of resistance to

Stagonospora nodorum leaf blotch in Kansas winter wheat cultivars. Plant Dis. 88: 530–536.
Kovacs, G., Zambori-Nemeth, E., and Nagy, G. (2019). Susceptibility of lemon balm (Melissa officinalis L.)

varieties to Septoria leaf spot (Septoria melissaeDesm.) in Hungary. Acta Sci. Pol. Hortorum Cultus 18:
47–56.

Kronthaler, F. (2023). Statistics applied with excel: data analysis is (not) an art. Springer-Verlag GmbH,
Germany, p. 367.

Lakin, G.F. (1990). Biometrics. Higherschool, Moscow, p. 352, (in Russian).
Leite, R.M.V.B.C. (2014). Disease management in sunflowers. In: Arribas, J. (Ed.). Sunflowers. Nova Science

Publishers, New York, pp. 165–185.
Levitskaya, K.M. and Lyakh, V.A. (2022). Inheritance peculiarities of resistance to Septoria leaf spot on

sunflower in F1 hybrids. Quarantine Plant Prot. 1: 8–12, (in Ukrainian).

74 K. Levitskaya et al.



Levitskaya, K.M., Soroka, A.I., and Lyakh, V.A. (2022). Evaluation of Septoria leaf spot (Septoria helianthi)
alone and in combination with other foliar fungal spots on sunflower. Helia 45: 151–165.

Majumder, D., Rajesh, T., Suting, E., and Debbarma, A. (2013). Detection of seed borne pathogens in
wheat: recent trends. Aust. J. Crop. Sci. 7: 500–507.

Nelson, L.R. andMarshall, D. (1990). Breeding wheat for resistance to Septoria nodorum and Septoria tritici.
Adv. Agron. 44: 257–277.

Polevoy, V., Lukashchuk, L., and Peskovski, G. (2013). Sunflower cultivation in Ukraine: role of fertilizers in
sunflower seed production. e-ifc 36: 3–7.

Rokitskiy, P.F. (1973). Biological statistics. Higherschool, Minsk, р. 320, (in Russian).
Sahbi, F., Abdenour, S., Nawel, A., and Sonia, H. (2011). Monogenic Inheritance of resistance to Septoria

tritici blotch in durum wheat ‘Agili’. Int. J. Plant Breed. 5: 17–20.
Simon, M.R., Ayala, F.M., Cordo, C.A., Roder, M.S., and Borner, A. (2004). Molecular mapping of

quantitative trait loci determining resistance to septoria tritici blotch caused by Mycosphaerella
graminicola in wheat. Euphytica 138: 41–48.

Tоk, F.M. and Kurt, S. (2019). The effect of hot water treatment on seed transmission of Septoria petroselini,
the causal agent of septoria blight on parsley. J. Agric. Sci. 24: 210–216.

Toubia-Rahme, H. and Steffenson, B.J. (2004). Sources of resistance to septoria speckled leaf blotch
caused by Septoria passerinii in barley. Can. J. Plant Pathol. 26: 358–364.

Wicki, W., Winzeler, M., Schmid, J.E., Stamp, P., and Messmer, M. (1999). Inheritance of resistance to leaf
and glume blotch caused by Septoria nodorum Berk. in winter wheat. Theor. Appl. Genet. 99:
1265–1272.

Zhang, X., Haley, S.D., and Jin, Y. (2001). Inheritance of Septoria tritici blotch resistance in winter wheat.
Crop Sci. 41: 323–326.

Septoria leaf spot infection in sunflower 75


	Assessment of parental lines, F1 and F2 sunflower hybrids to Septoria leaf spot infection and some inheritance patterns
	1 Introduction
	2 Materials and methods
	3 Results and discussion
	3.1 Evaluation of sunflower lines by Septoria leaf spot susceptibility and their differentiation
	3.2 Evaluation of Septoria leaf spot damage of sunflower lines and hybrids
	3.3 Inheritance of susceptibility to Septoria leaf spot in F1 and F2 sunflower hybrids

	4 Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


