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An assessment of 27 mutant tomato lines from four countries (Germany, USA, Russia, Bulgaria) was car-
ried out for resistance to five Alternaria alternata strains under conditions of the South of Russia. Five
strains of the A. alternata fungus were isolated from naturally infected plants selected in five agroclimatic
zones of Krasnodar Krai: Central - strain 1, Western - strain 6, North - strain 11, South Foothill - strain 12,
Chernomorskaya - strain 13. The assessment was carried out in the field during 2018–2020, in a green-
house and under the laboratory conditions three times for each studied strain. In the field, the plants
were treated every year with a spore suspension of A. alternata strain 1. Mutant lines obtained
from the United States: 868, 663, 533, 544 and 898 showed the greatest resistance to Alternaria in
2018–2020, the lesion of which averaged 4.5–8.0% over three years. 13 mutant lines: 17, 40, 688, 722
(Germany), 311, 394, 418, 542, 728, 743, 917 (USA), 322 (Russia), 159 (Bulgaria) showed average resis-
tance with the development of the disease 10.2–24.9% over three years of the research. Mutant lines
743, 663, 868, 544 obtained from the USA possessed relatively high resistance to all the studied strains
under greenhouse conditions; moreover, no signs of damage with strains 1 and 11 were observed on Mo
868, signs of damage by strain 11 of A. alternata were not observed on Mo 743. Under laboratory condi-
tions, mutant lines 663, 743, 868, obtained from the United States, were most resistant. Mo 663 showed
resistance to strains 1, 13; line 743 - to strains 11, 12; line 868 - to strains 1, 11. There was a predomi-
nantly positive correlation between the results of field, greenhouse and laboratory assessments, which
indicates a strong connection between them and the possibility of using these methods to assess the
resistance of tomato samples to Alternaria independently of each other.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction Russia on an area of 17.9 thousand hectares. In Krasnodar Krai,
Tomato (Solanum lycopersium Mill.) is among the most culti-
vated and consumed vegetable crops around the world, including
Russia (Al-Amri, 2013, Nekoval et al., 2020a, Salman et al., 2020).
Krasnodar Krai is one of the leading regions of Russia in terms of
area and production of open ground tomato. According to the
Russian Statictics Agency, in 2020, 893.4 thousand tons of tomato
were produced in the industrial sector of vegetable growing in
9.08 thousand tons of tomato were produced on an area of 0.47
thousand hectares (AB-Center, 2020).

Tomato is extremely susceptible to the influence of abiotic and
biotic factors that affect the yield and product quality. Tomato is
infected with up to 200 diseases caused by viruses, bacteria, nema-
todes and fungi. The most common and economically significant
disease affecting tomato at all stages of the growing season is con-
sidered to be alternaria caused by the Alternaria fungi (Gannibal,
2011, Tewari and Vishunavat, 2012, Shoaib et al., 2019). In Russia,
Alternaria species are extremely widespread and very diverse
(Gannibal, 2011, Gannibal et al., 2011, Orina, 2011). 5 species are
economically important: Alternaria solani Sorauer (syn. Macrospo-
rium solani Ellis et G. Martin), Alternaria linariae (Neerg.) E.G. Sim-
mons, Alternaria tenuissima (Nees et T. Nees: Fr.) Wiltshire,
Alternaria arborescens E.G. Simmons, Alternaria alternata (Fr.) Keissl.
(Simmons, 2007, Gannibal, 2011, Gannibal et al., 2011).

Symptoms of alternaria are characterized by brown to dark
brown necrotic spots with concentric rings on foliage, stem and
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fruit. This disease, which in severe cases can lead to complete defo-
liation, and, accordingly, rotting of fruits and loss of yield, is most
dangerous for tomatoes in regions with heavy rains, high humidity
and rather high temperatures � 24–29.0� C. It is known that the
infestation of plants of the family Solanaceae species of the genus
Alternaria can reach 80% in the field, and 30% in a greenhouse
(Van der Waals et al., 2001, Soleimani and Kirk, 2012).

Currently, the main practice for controlling alternaria is the use
of fungicides, but environmental problems require a significant
reduction in the use of chemical pesticides. The use of fungicides
during wet and rainy periods is often ineffective (Shoaib et al.,
2020). Also, pathogenic microorganisms show resistance to fungi-
cides (Pasche et al., 2005, Luo et al., 2007, Rosenzweig et al., 2008).
It is necessary to study alternative methods of alternaria control.
Resistant varieties are one of the best strategies for long-term con-
trol of this disease (Odilbekov et al, 2014, Medic-Pap et al., 2016,
Moghaddam et al., 2019, Akhtar et al., 2019).

It should be noted that among the known cultivated tomato
varieties there are no registered varieties completely resistant to
alternaria (Pawar et al., 2016, Adhikari et al., 2017, Vloutoglou
and Kalogerakis, 2000, Chaerani and Voorrips, 2006, Chaerani
et al., 2007). The cultivated tomato has a narrow genetic diversity,
which is the result of its intense selection and inbreeding during
evolution. As a result, cultivated tomato species are more suscepti-
ble to disease attack than wild and mutant varieties. Thus, crop
losses due to pathogenic infections can be eliminated by develop-
ing resistant varieties using plant breeding methods with resis-
tance genes from wild species and mutant forms of tomato
(Delgado and Gómez-Cordovés, 1998, Da Motta and Soares, 2001,
Logrieco et al., 2003, Gannibal, 2011, Nekoval et al., 2020b).

To develop resistant varieties, breeders need tomato genetic col-
lections with identified genes. One of such collections is maintained
at the Federal State Budgetary Scientific Institution Federal
Research Center of Biological Plant Protection, Krasnodar, and the
work on a comprehensive study of the collection and selection of
parental material for practical use in breeding is being carried out
(Nekoval et al., 2016a, Nekoval et al., 2016b, Nekoval et al., 2018).

Screening of tomato plants for resistance to alternaria is carried
out by various methods widely studied by many authors (Locke,
1948, Bussey and Stevenson, 1991, Foolad et al., 2000, Vloutoglou
and Kalogerakis, 2000, Gannibal, 2011, Nekoval et al., 2020b).
The most widespread field screening, which makes it possible to
assess the resistance of plants to a pathogen in the natural environ-
ment. However, this screening method is time-consuming, labor-
intensive and highly dependent on environmental conditions. Also,
methods are used to study the resistance of tomato to alternaria in
a greenhouse and in a laboratory conditions. These methods facil-
itate faster screening of plants for resistance. However, there are
conflicting opinions regarding the correlation between field, green-
house and laboratory resistance of tomato to alternaria (Locke,
1948, Bussey and Stevenson, 1991, Foolad et al., 2000, Vloutoglou
and Kalogerakis, 2000, Gannibal, 2011, Nekoval et al., 2020b).
Therefore, in our research, we set two tasks: 1) Select promising
mutant tomato lines from different countries of the world for
inclusion in the breeding process to develop tomato varieties resis-
tant to various strains of A. alternata isolated in the South of Russia;
2) Compare different methods of screening tomato for resistance to
alternaria and determine the most reliable one.

2. Materials and methods

2.1. Plant material

As an experimental material, 100 mutant tomato lines from dif-
ferent countries of the world were used (Bocharnikova and
Kozlova, 1992), gathered into a collection of mutant tomato forms
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by Academician A.A. Zhuchenko, which is stored, replenished and
studied in the laboratory of the tomato genetic collection of the
Federal State Budgetary Scientific Institution ‘‘Federal Research
Center of Biological Plant Protection” (FSBSI FRCBPP), Krasnodar.
Based on the results of long-term field observations against a
provocative infectious background, 27 mutant lines were selected
from four countries (Russia, Germany, Bulgaria, the United States)
that showed the greatest resistance to various pests in the South of
Russia (Nekoval et al., 2016a, Nekoval et al., 2016b, Nekoval et al.,
2018) (Table 1).

2.2. Selection and cultivation of Alternaria alternata isolates.

Accurate identification and description of isolates or races of a
pathogen is critical for breeding programs on disease resistance
(Akhtar et al., 2019).

Isolation of isolates into a pure culture was carried out by stim-
ulating the sporulation of affected plant parts: samples with inju-
ries were placed in a wet chamber, before that they were washed
with distilled water and surface disinfected with 1% sodium
hypochlorite. The samples were incubated at a temperature of
20–25� C for 2–5 days, then, by transferring individual conidia or
several conidia from one chain with a sterile needle (Gannibal
et al., 2011) into tubes with Czapek’s medium, a pure culture
was obtained (Nikitina and Reshetnik, 2006).

We obtained five strains of p. Alternaria, from naturally infected
plants selected in five agroclimatic zones of Krasnodar Krai (Cen-
tral - strain 1, Western - strain 6, Northern - strain 11, South Foot-
hill - strain 12, Chernomorskaya - strain 13). These strains were
identified on the basis of the known morphological characteristics
of the genus Alternaria (macroscopic and microscopic) (Nekoval
et al., 2020b) and molecular methods.

During the morphological identification of these strains, their
belonging to the A. alternata species complex was established,
which was further confirmed as a result of genetic analysis - based
on sequencing of the ITS1 region when checking these sequences
for similarity with those already available in the GeneBank NCBI
database, all strains were identified as species A. alternata:
(Alternaria_alternata_strain_13 MW659929; Alternaria_
alternata_strain_6 MW659930; Alternaria_alternata_strain_12
MW659931; Alternaria_alternata_strain_1 MW659932;
Alternaria_alternata_strain_11 MW659933) (described in the
previous study) (Nekoval et al., 2020b).

2.3. Field assessment

Screening of 27 mutant tomato lines for resistance to alternaria
was carried out under the field conditions of the Federal State Bud-
getary Scientific Institution Federal Research Center of Biological
Plant Protection against an artificial infectious background in
2018–2020.

Plants were placed in randomized blocks in triplicate. One repli-
cation included 10 plants of each genotype. Planting pattern: 1.5
m � 0.75 m (row spacing � plant spacing). During the seasons,
fungicide treatments were not carried out.

To evenly distribute the inoculum over the experimental plots,
each year the plants were treated with a spore suspension of strain
1 (isolated in the experimental plot in the second part of July 2017)
at a concentration of 5 � 104 conidia / ml using a spray bottle. The
counts were carried out from the middle of June (interphase period
of plant development - budding – flowering: code of growth stages
51 . . . 69 on the BBCH scale) with an interval of 9–12 days, starting
from the appearance of the first signs of the disease, only four to
five counts per season (Foolad et al., 2000, Gannibal et al., 2011).
At each count, the percentage of leaf necrotic area was visually
assessed using a modified Horsfall-Barratt rating scheme, where



Table 1
Mutant forms of tomato from the collection of the FSBSI FRCBPP.

Mo* Mutant code according to international
classification

Gene Locus name Origin Received

17 341/1/66 cm curly motted SPON Germany
40 3–105 apn albo-punctata CHEM Germany
43 382/66 alb albescent SPON Germany
130 – ep, obl easy peeling,oblate fruit RAD Bulgaria
159 La 0330 bk beaked SPON Bulgaria
163 – – – SPON Russia
220 – – – SPON Russia
311 La 0618 op opaca RAD USA
322 – – – SPON Russia
374 – – – SPON Russia
394 La 3563 sp, u self-pruning, uniform ripening SPON USA
409 La 0786 nv netted virescent SPON USA
418 La 3722 oli olivacea RAD USA
421 La 0643 l-2 lutescent-2 SPON USA
533 La 0588 bc bicolor RAD USA
542 68–1242 de declinata RAD USA
544 La 3767 ds dwarf sterile SPON USA
663 78–3075-1 rvt, vo, d, gf, sp red vascular tissue, virescent orange, dwarf, green flesh, self-

pruning
SPON USA

688 La 0539 car carinata RAD Germany
722 La 0846 mup multiplicata RAD Germany
728 MLP148/78 pma praemortua SPON USA
743 78–3095-3 per perviridis RAD USA
858 La 1997 bn blunt SPON USA
868 La 2–33 ms-4 male-sterile-4 SPON USA
898 2–137 pi pistillate SPON USA
916 La 0705 ste sterilis RAD USA
917 La 0708 ta tarda RAD USA

* Mutant code in the collection of the FSBSI FRCBPP
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0 indicates no visible symptoms of alternaria disease and 100 indi-
cates plant death (Horsfall and Barratt, 1945). To assess the resis-
tance of tomato lines to alternaria, a modified 5-point scale was
used (Table 2) (Vakalounakis, 1983, Gannibal et al., 2011).

2.4. Greenhouse experiments.

Four week old seedlings of 27 genotypes were individually
transplanted into 5 L pots and grown in five separate greenhouse
sections (GH). In each section, the plant resistance to one of the five
A. alternata strains was assessed. The study was carried out in three
replicates, in one replication � 5 plants of each genotype. Plants
were grown at day / night temperatures of 22/17� C, with a 12 h
photoperiod. At the late seedling stage (6 to 7 weeks), plants were
individually inoculated with A. alternata strains. After inoculation,
the plants were kept in the dark for 12 h. After the plants were
maintained for a 12 h photoperiod. Six days after inoculation, the
plants were individually assessed for disease symptoms. For each
plant, the percentage of leaf area covered by A. alternata foci was
Table 2
Scale for assessing the tomato damage with alternaria.

Damage
score

Damage degree Resistance degrree

0 There are no visible symptoms of
damage

High resistance

1 Up to 10% of the leaf area is damaged Relatively high
resistance

2 From 10 to 25 % of the leaf area is
damaged

Moderate resistance

3 From 25 to 50 % of the leaf area is
damaged

Moderate
susceptibility

4 From 50 to 75 % of the leaf area is
damaged

Susceptibility

5 More than 75 % of the leaf area is
damaged

High susceptibility
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visually assessed on three plant tiers (upper, middle, and lower).
Of the intensity of alternaria development percentage for each
plant was calculated as the average of the three sections (using a
modified technique described in Foolad et al., 2000).

2.5. Laboratory assessment

To determine the resistance of mutant tomato lines against an
artificial infectious background in laboratory conditions, we used
tomato leaves of the middle tier. Inoculum was prepared in Petri
dishes with cultures of 1–2 weeks of age, occupying the entire sur-
face and having abundant sporulation; 3–5 ml of sterile water was
added, the spores were carefully separated from the surface of the
colony with a spatula, the number of spores in the suspension was
counted using a Goryaev chamber (Gannibal et al., 2011).

The separated leaf lobes were placed in a humid chamber on fil-
ter paper, and 1 drop of inoculum (concentration 5 � 103 conidia /
ml) was applied using an automatic dispenser on each side of the
central vein. After 24 h, the drops were dried with filter paper
and the leaves were moistened with sterile water from a spray bot-
tle every day. The size of the lesion was measured daily for 5 days,
starting on the 4th day of incubation. The radius of each necrosis
was calculated as half the mean of the two perpendicular diame-
ters. Five days later, the final degree of disease damage (percentage
of necrotic tissue in leaf area) was visually assessed (Foolad et al.,
2000, Gannibal et al., 2011). The experiment was repeated three
times for all studied A. alternata strains.

2.6. Data analysis

The lesion area under the disease progression curve (AUDPC)
was calculated for each genotype in each replication and in each
year using the formula:

AUDPC ¼ Pn

i¼1
ðxiþ1þx1

2 Þðtiþ1 � t1Þ;
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AUDPC – lesion area under the disease progression curve;
x – degree of disease development in ith count;
t – the number of days between counts.

Statistical data processing was performed by standard methods
using MS Excel and STATISTICA for Windows. To compare the vari-
ability of the traits taken into account in the experiment within
each genotype between the years of the study, a one-way analysis
of variance was carried out, in which the year of the study
appeared as a factor. To compare genotypes with each other, a
one-way analysis of variance was carried out, in which the belong-
ing of a tomato plant to a certain genotype appeared as a factor.
Analysis of variance traditionally ended by comparing the mean
values of the features and calculating the error of the mean: its
results demonstrated which values of the features were statisti-
cally significantly different. In this case, the Duncan test was used,
and the differences were considered statistically significant at the
p � 0.05 level. For a comprehensive analysis of the variability of
the traits taken into account in the experiment, a two-factor anal-
ysis of variance was carried out, where the factors were: belonging
of a plant to a certain genotype of tomato and the year of study.
This analysis made it possible to reveal the specificity of the reac-
tion of plants of various tomato genotypes to changes in the condi-
tions of the year.

Pearson’s correlation coefficients for various variables were cal-
culated using the statistical analysis software StatSoft Statistica V.
10.0.
Fig. 1. Meteorological conditions during the 2018–2020 research.
3. Results

3.1. Field assessment

The first symptoms of alternaria on tomato were recorded in
the middle of June on the field station of the Federal State Bud-
getary Scientific Institution FRCBPP under the conditions of an arti-
ficial infectious background in 2018–2020. During the growing
season of the culture, alternaria developed on all aerial parts of
plants. In particular, dark brown or black spots appeared on stems,
leaves, petioles, peduncles, sepals, and fruits, increasing in size as
the infection progressed.

The intensity of the disease progression depended on the
weather conditions of the year, since the hydrometeorological con-
ditions of the growing seasons of 2018–2020 varied. So, the disease
progression was the highest in 2019–31.2%. In 2018, the least
development of alternaria was noted for the three years of the
research � 13.4%. In 2020, the disease progression was 19.8%.

The period from the end of May to the end of June in 2018 was
characterized by high temperatures (2.8 . . . 3.4� C higher than the
average annual values) and a deficit of precipitation (20 . . . 30% of
the average annual norm). June – July were dry, also with high
temperatures (3.2 . . . 3.4� C higher than the average long-term
value). On the contrary, the growing season of 2019 was character-
ized by excessive moisture, which is associated with a more inten-
sive development of the disease than in the previous and
subsequent periods. So, in July the amount of precipitation was
130 mm, which is 70 mm higher than the norm. The conditions
of the growing season of 2020 were also favorable for the develop-
ment of alternaria: June was characterized by fluctuations in low
night temperatures with high daytime ones, with periodic precip-
itation at the beginning and in the middle of the month; at the
beginning of July, hot and predominantly dry weather was noted;
in the second part of July, the weather was moderately hot with
heavy rains. However, in the growing season of 2020, precipitation
fell by 47.2 mm less than in the previous one, which was reflected
in a less intensive development of the disease (Fig. 1).
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To analyze the variability of the value of the degree of disease
development in ith count; of alternaria development and AUDPC
of the studied tomato lines during 2018–2020 a two-way analysis
of variance was carried out, in which the factors were: a certain
mutant tomato line; year of research; the interaction of these
two factors. To comply with the condition of the normal distribu-
tion of the characteristic, of the degree of disease development in
ith count; of alternaria development was converted to 2 * Asin
(root (p)) (Tables 3 and 4).

Analysis of the data obtained showed that the greatest influence
on the above traits was exerted by the belonging of a tomato plant
to a certain mutant line, the contribution of this factor to the total
variance was 67.4% for the degree of disease development in ith
count; of alternaria development, and 72.8% for AUDPC.

The effect of the year factor was slightly lower: 31.8% and 26.2%
of the total variability, respectively. A small but statistically signif-
icant contribution of the interaction of factors to the variance of
the studied traits was shown; it was 0.4% for the degree of disease
development in ith count; of alternaria development, and 0.3% for
AUDPC. The interaction effect means a specific reaction of tomato
lines to a change in the year of cultivation, therefore, it can be con-
cluded that in most cases the reaction of tomato lines to a change
in the year of cultivation had a general tendency. This conclusion is
confirmed by the statistical analysis using the Duncan test, which
characterizes the statistically significant differences in each line
between the years of the study (Table 5). This table presents data
on the degree of the disease development on each genotype during
the 2018–2020 research.

Of the 27 mutant tomato lines, statistically significant differ-
ences in the degree of damage over the years of the study were
not observed in one line � 159. In the 898 mutant line, one study
year (2019) was significantly different from the other two (2018
and 2020). In 25 mutant lines, statistically significant differences
in the degree of damage were found over all the years of the study.

Table 6 presents data on the AUDPC trait for each genotype in
the 2018–2020 research period.

Thus, all the studied mutant lines had statistically significant
differences in the AUDPC trait over the years of the study. In
mutant lines 40, 43, 159, 322, 663, 898, one year of the study
was significantly different from the other two. In 21 mutant lines,
statistically significant differences in resistance were found over all
three years of the study.

To compare mutant lines of tomato according to the degree of
disease development in ith count; of development of alternaria in
different years of the study, analysis of variance was used, com-
pleted by comparing the mean values, the results of which are pre-
sented in Table 7.

In the table, the value of the degree of alternaria development is
given as it increases. Analysis of variance made it possible to obtain



Table 3
Analysis of variance (two-factor model) of the degree of disease development in ith count; of alternaria development variability of mutant tomato lines over three years of the
study (2018–2020).

Variability df mS F Dispersion Share of total variance,%

General 112030,2 103025,1* 255,92 100,0
Among lines 26 1552,9 1428,1* 172,43 67,4
Over years 2 6593,4 6063,4* 81,39 31,8
Interaction 52 83,7 76,9* 1,02 0,4
Remaining 162 1,1 1,09 0,4

Table 4
Analysis of variance (two-factor model) of the AUDPC variability of tomato mutant lines over three years of the study (2018–2020).

Variability df mS F Dispersion Share of total variance,%

General 1 63,839,871 69785,5* 142869,08 100,0
Among lines 26 937,610 1024,9* 104077,22 72,8
Over years 2 3,031,473 3313,8* 37414,30 26,2
Interaction 52 38,399 42,0* 462,77 0,3
Remaining 162 915 914,80 0,6

Table 5
Variability of the degree of alternaria development on mutant tomato lines, 2018–2020.

Mo Diseas Mean ± SE p-level

2018 u. 2019 u. 2020 u.

17 14,6 ± 0,35a 24,8 ± 0,51c 20,7 ± 0,30b 0,000*
40 16,4 ± 0,45a 20,3 ± 0,54c 18,2 ± 0,42b 0,003*
43 49,1 ± 0,49a 67,2 ± 0,40c 58,3 ± 0,58b 0,000*
130 20,4 ± 0,65a 51,2 ± 0,73c 26,2 ± 0,70b 0,000*
159 13,7 ± 0,72a 15,8 ± 0,65a 15,0 ± 0,81a 0,194*
163 19,4 ± 0,62a 30,6 ± 0,60c 25,1 ± 0,73b 0,000*
220 13,2 ± 0,71a 50,7 ± 0,76c 23,6 ± 0,84b 0,000*
311 6,5 ± 0,47a 24,5 ± 0,50c 18,4 ± 0,44b 0,000*
322 8,3 ± 0,45a 27,9 ± 0,56c 18,9 ± 0,51b 0,000*
374 25,2 ± 0,96a 48,2 ± 0,92c 30,8 ± 1,01b 0,000*
394 5,9 ± 0,27a 15,6 ± 0,35c 10,5 ± 0,38b 0,000*
409 17,2 ± 0,59a 37,5 ± 0,67c 24,7 ± 0,70b 0,000*
418 7,6 ± 0,69a 24,5 ± 0,62c 15,8 ± 0,76b 0,000*
421 33,1 ± 0,78a 61,9 ± 0,93c 42,4 ± 0,84b 0,000*
533 2,7 ± 0,25a 12,2 ± 0,42c 5,5 ± 0,31b 0,000*
542 5,8 ± 0,34a 19,4 ± 0,72c 7,2 ± 0,32b 0,000*
544 3,0 ± 0,25a 14,7 ± 0,46c 5,1 ± 0,42b 0,000*
663 0,0a 14,7 ± 0,43c 2,5 ± 0,21b 0,000*
688 9,5 ± 0,48a 27,1 ± 0,67c 19,6 ± 0,60b 0,000*
722 11,7 ± 0,60a 31,0 ± 0,95c 24,0 ± 0,92b 0,000*
728 6,6 ± 0,11a 45,2 ± 0,92c 22,8 ± 0,78b 0,000*
743 6,4 ± 0,16a 15,1 ± 0,35c 9,2 ± 0,33b 0,000*
858 24,3 ± 0,94a 56,9 ± 1,05c 31,7 ± 1,12b 0,000*
868 0,0a 11,3 ± 0,30c 2,3 ± 0,29b 0,000*
898 4,0 ± 0,23a 15,7 ± 0,43b 4,3 ± 0,26a 0,000*
916 22,6 ± 0,94a 53,7 ± 1,32c 36,2 ± 1,21b 0,000*
917 13,7 ± 0,45a 24,5 ± 0,52c 17,1 ± 0,50b 0,000*
Cpelyee 13,4 ± 0,48a 31,2 ± 0,64c 19,8 ± 0,60b 0,000*

* Differences were considered statistically significant at p � 0.05; data represent the mean of disease development on 10 plants of each genotype, coupled with standard error
of the mean.
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a quantitative assessment of the influence of the factor ‘‘belonging
of a tomato plant to a certain mutant line” on the degree of the
development of the disease; a comparison of the mean values
showed between which mutant lines there are statistically signifi-
cant differences. Thus, the highest value of the degree of damage to
tomato plants by alternaria over three years of the research was
noted in the mutant line 43–49.1% in 2018, 67.2% in 2019, 58.3%
in 2020, damage to plants by alternaria was noted in lines 868
and 663–0.0% in 2018 and, respectively, 2.3% and 2.5% in 2020;
for lines 868 and 533–11.3% and 12.2% in 2019, respectively.

In 2018, mutant lines 868, 663; 533, 544, 898; 542, 394; 688,
722; 220, 159, 917, 17; 40, 409; 163, 130; 916; 858, 374; 421;
43 differed from each other statistically significantly in terms of
the variability of the degree of the alternaria development; the rest
of the lines had intermediate values of the studied trait. In 2019,
1065
the mutant lines 868, 533; 663, 544, 743, 394, 898, 159; 542, 40;
917, 311, 418, 17; 688, 322; 163, 722; 409; 728; 374; 220, 130;
916; 858; 421; 43 differed from each other statistically signifi-
cantly in terms of the degree of the alternaria development. In
2019, mutant lines 868, 663; 898, 544, 533; 542; 743, 394; 159;
322; 17, 728; 130; 374, 858; 916, 421, 43 differed from each other
statistically significantly in terms of the degree of the alternaria
develoment; the rest of the lines had intermediate values of the
studied trait.

Despite the fact that the temperature, precipitation amount, rel-
ative humidity and, as a consequence, the intensity of the lesion
were different in different years of the study, there was a signifi-
cant correlation between the degree of disease development and
AUDPC over all years of the study (r = 0.83–0.99, at P < 0.01)
(Table 8).



Table 6
Variability of AUDPC on mutant tomato lines, 2018–2020.

Mo Diseas Mean ± SE p-level

2018 u. 2019 u. 2020 u.

17 14,6 ± 0,35a 24,8 ± 0,51c 20,7 ± 0,30b 0,000*
40 16,4 ± 0,45a 20,3 ± 0,54c 18,2 ± 0,42b 0,003*
43 49,1 ± 0,49a 67,2 ± 0,40c 58,3 ± 0,58b 0,000*
130 20,4 ± 0,65a 51,2 ± 0,73c 26,2 ± 0,70b 0,000*
159 13,7 ± 0,72a 15,8 ± 0,65a 15,0 ± 0,81a 0,194*
163 19,4 ± 0,62a 30,6 ± 0,60c 25,1 ± 0,73b 0,000*
220 13,2 ± 0,71a 50,7 ± 0,76c 23,6 ± 0,84b 0,000*
311 6,5 ± 0,47a 24,5 ± 0,50c 18,4 ± 0,44b 0,000*
322 8,3 ± 0,45a 27,9 ± 0,56c 18,9 ± 0,51b 0,000*
374 25,2 ± 0,96a 48,2 ± 0,92c 30,8 ± 1,01b 0,000*
394 5,9 ± 0,27a 15,6 ± 0,35c 10,5 ± 0,38b 0,000*
409 17,2 ± 0,59a 37,5 ± 0,67c 24,7 ± 0,70b 0,000*
418 7,6 ± 0,69a 24,5 ± 0,62c 15,8 ± 0,76b 0,000*
421 33,1 ± 0,78a 61,9 ± 0,93c 42,4 ± 0,84b 0,000*
533 2,7 ± 0,25a 12,2 ± 0,42c 5,5 ± 0,31b 0,000*
542 5,8 ± 0,34a 19,4 ± 0,72c 7,2 ± 0,32b 0,000*
544 3,0 ± 0,25a 14,7 ± 0,46c 5,1 ± 0,42b 0,000*
663 0,0a 14,7 ± 0,43c 2,5 ± 0,21b 0,000*
688 9,5 ± 0,48a 27,1 ± 0,67c 19,6 ± 0,60b 0,000*
722 11,7 ± 0,60a 31,0 ± 0,95c 24,0 ± 0,92b 0,000*
728 6,6 ± 0,11a 45,2 ± 0,92c 22,8 ± 0,78b 0,000*
743 6,4 ± 0,16a 15,1 ± 0,35c 9,2 ± 0,33b 0,000*
858 24,3 ± 0,94a 56,9 ± 1,05c 31,7 ± 1,12b 0,000*
868 0,0a 11,3 ± 0,30c 2,3 ± 0,29b 0,000*
898 4,0 ± 0,23a 15,7 ± 0,43b 4,3 ± 0,26a 0,000*
916 22,6 ± 0,94a 53,7 ± 1,32c 36,2 ± 1,21b 0,000*
917 13,7 ± 0,45a 24,5 ± 0,52c 17,1 ± 0,50b 0,000*
Average 13,4 ± 0,48a 31,2 ± 0,64c 19,8 ± 0,60b 0,000*

* Differences were considered statistically significant at the level, p � 0.05; data represent the mean of disease progression on 10 plants and standard error.

Table 7
Comparison of mutant tomato lines by the degree of disease development in ith count; of Alternaria alternata development in the field, 2018–2020.

2018 2019 2020 Mean

Mo Diseas
Mean±
SD

Comparing the
mean values

Mo Diseas Mean±
SD

Comparing the
mean values

Mo Diseas Mean ± SD Comparing the
mean values

Mo Diseas
Mean ± SD

868 0,0a A 868 11,3 ± 0,30 A 868 2,3 ± 0,29 A 868 4,5
663 0,0a A 533 12,2 ± 0,42 A 663 2,5 ± 0,21 A 663 5,7
533 2,7 ± 0,25 B 663 14,7 ± 0,43 B 898 4,3 ± 0,26 B 533 6,8
544 3,0 ± 0,25 B 544 14,7 ± 0,46 B 544 5,1 ± 0,42 B 544 7,6
898 4,0 ± 0,23 B 743 15,1 ± 0,35 B 533 5,5 ± 0,31 B 898 8,0
542 5,8 ± 0,34 C 394 15,6 ± 0,35 B 542 7,2 ± 0,32 C 743 10,2
394 5,9 ± 0,27 C 898 15,7 ± 0,43 B 743 9,2 ± 0,33 D 394 10,7
743 6,4 ± 0,16 CD 159 15,8 ± 0,65 B 394 10,5 ± 0,38 D 542 10,8
311 6,5 ± 0,47 CD 542 19,4 ± 0,72 C 159 15,0 ± 0,81 E 159 14,8
728 6,6 ± 0,11 CD 40 20,3 ± 0,54 C 418 15,8 ± 0,76 EF 418 15,9
418 7,6 ± 0,69 DE 917 24,5 ± 0,52 D 917 17,1 ± 0,50 FG 311 16,5
322 8,3 ± 0,45 EF 311 24,5 ± 0,50 D 40 18,2 ± 0,42 GH 40 18,3
688 9,5 ± 0,48 F 418 24,5 ± 0,62 D 311 18,4 ± 0,44 GH 322 18,4
722 11,7 ± 0,60 G 17 24,8 ± 0,51 D 322 18,9 ± 0,51 H 917 18,4
220 13,2 ± 0,71 H 688 27,1 ± 0,67 E 688 19,6 ± 0,60 HI 688 18,7
159 13,7 ± 0,72 H 322 27,9 ± 0,56 E 17 20,7 ± 0,30 I 17 20,0
917 13,7 ± 0,45 H 163 30,6 ± 0,60 F 728 22,8 ± 0,78 J 722 22,2
17 14,6 ± 0,35 H 722 31,0 ± 0,95 F 220 23,6 ± 0,84 JK 728 24,9
40 16,4 ± 0,45 I 409 37,5 ± 0,67 G 722 24,0 ± 0,92 JK 409 26,5
409 17,2 ± 0,59 I 728 45,2 ± 0,92 H 409 24,7 ± 0,70 KL 220 29,2
163 19,4 ± 0,62 J 374 48,2 ± 0,92 I 163 25,1 ± 0,73 KL 163 30,9
130 20,4 ± 0,65 J 220 50,7 ± 0,76 J 130 26,2 ± 0,70 L 130 32,6
916 22,6 ± 0,94 K 130 51,2 ± 0,73 J 374 30,8 ± 1,01 M 374 34,7
858 24,3 ± 0,94 L 916 53,7 ± 1,32 K 858 31,7 ± 1,12 M 916 37,5
374 25,2 ± 0,96 L 858 56,9 ± 1,05 L 916 36,2 ± 1,21 N 858 37,6
421 33,1 ± 0,78 M 421 61,9 ± 0,93 M 421 42,4 ± 0,84 O 421 45,8
43 49,1 ± 0,49 N 43 67,2 ± 0,40 N 43 58,3 ± 0,58 P 43 58,2
LSD 1,3667 2,0256 1,652
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Analysis of three-year data showed that genotypes Mo 868, 663,
533, 544 and 898 showed relative resistance to alternaria, the
damage of which in field conditions averaged 4.5–8.0%. Moreover,
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in 2018, under less favorable weather conditions for the develop-
ment of the pathogen, no visible signs of alternaria were detected
on lines 868 and 663. Average resistance over three years of the
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research was shown by 13 mutant lines: 743, 394, 542, 159, 418,
311, 40, 322, 917, 688, 17, 722 and 728. The degree of alternaria
development varied within 10.2–24.9 %. Average susceptibility
was demonstrated by eight mutant lines � 409, 220, 163, 130,
374, 916, 858, 421 with a degree of development of 26.5–45.8%.
The most susceptible was mutant line 43, with the damage aver-
aged 58.2% over three years.
3.2. Greenhouse experiments

The first signs of the tomato plants damage by alternaria
appeared 3 days after inoculation. 7 days after inoculation, the
degree of plant damage by the pathogen was assessed (Table 9).

Strain 1. On line 868, no signs of disease were detected. On 26
susceptible tomato lines, the disease development varied within
2.7–81.5%. Lines 743, 663, 533, 159 and 544 showed relatively high
resistance with the lowest degree of plant damage (2.7–9.5%).
Lines 898, 163, 542, 688, 728, 322 and 220 were allocated to the
group with moderate resistance - the disease development was
11.4–20.3%. The moderate susceptibility (25.7–45.7) was shown
by lines 130, 394, 421, 311, 418, 40, 858, 917. The susceptible
group included lines 409, 374, 722, 17, 43 - the degree of disease
development was 57, 7–64.2%. Line 916 was the most susceptible
(81.5%).

According to the results of screening mutant tomato lines in a
greenhouse and a field for resistance to A. alternata strain 1, a sig-
nificant positive correlation (r = 0.56–0.70, p � 0.01) was noted
between the degree of damage to plants by alternaria in the green-
house and in the field and AUDPC (Table 8).

Strain 6. No resistant genotypes have been identified for this
strain. Lines 868, 743, 663, 544, 728, 898 had a relatively high
resistance with a degree of damage of 4.2–8.5%; moderate resis-
tance (10.1–24.8%) was shown by lines 533, 542, 159, 322, 130,
688. Lines 220, 722, 858, 418, 394, 917, 163, 43 were assigned to
the group with moderate susceptibility to the disease
(28.8–41.0%); lines 311, 40, 409, 17, 421, 374 were susceptible
with a lesion rate of 52.9–67.3%. Line 916 (78.2%) also showed
the greatest susceptibility.

Strain 11. On two lines (743, 868), there were no signs of alter-
naria infection. Lines 663, 544, 130, 898 showed relatively high
resistance, the degree of damage varied within 5.8–9.6%. Moderate
resistance (10.2–18.3%) was shown by lines 688, 163, 533, 322,
542, 728; moderate susceptibility with a degree of damage of
30.6–49.1% - lines 418, 917, 722, 159, 858, 394, 17, 40; susceptibil-
ity (52.6–72.5%) - lines 43, 374, 916, 220, 311, 409. Line 421
showed high susceptibility with a degree of alternaria develop-
ment of 77.3%.
Table 8
Pearson correlation coefficients for parameters of field, laboratory and greenhouse assessm

Field (Fld)

Dev-181 Dev-19 Dev-20 AUDPC-182

Fld-Dev-19 0,83**
Fld-Dev-20 0,94** 0,91**
Fld-AUDPC-18 0,98** 0,84** 0,94**
Fld-AUDPC-19 0,83** 0,98** 0,92** 0,84**
Fld-AUDPC-20 0,93** 0,93** 0,98** 0,93**
GH-Dev-1 0,62** 0,57** 0,68** 0,62**
Rad-14 0,65** 0,62** 0,74** 0,66**
Rate-15 0,61** 0,60** 0,69** 0,61**
Sev-16 0,68** 0,62** 0,74** 0,65**

1 Dev-18 – final degree of development of alternaria in the field in year 2018 (A. alterna
(A. alternata strain 1), 3GH-Dev-1 – final degree of development of alternaria in a gree
infection by A. alternata strain 1 in the laboratory, 5 Rate-1 – average rate (mm/day) of les
1 – average final percentage disease severity at the detached-leaflet level caused by the
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Strain 12. When infected with this strain, all lines showed a dif-
ferent percentage of the intensity of the disease development.
Lines 663, 743, 533, 868, 544 showed relatively high resistance,
the degree of damage to the leaf surface was 1.5–9.4%. Lines 898,
542, 728, 130, 722 showed moderate resistance (10.0–21.3%); the
moderate susceptibility (26.9–48.0%) was shown by lines 858,
688, 159, 916, 220, 322, 374, 418, 394, 409. Lines 163 were allo-
cated to the susceptible group (52.9–71.8%) , 311, 917, 421, 17,
40. Tomato lines highly susceptible to strain 12 were not identified.

Strain 13. No resistant genotypes were identified. Relatively
high resistance was observed in lines 663, 743, 868, the degree
of damage was 0.8–6.5%. Lines 159, 722, 544, 917, 898, 542, 130,
728, 43 were allocated to the group with moderate resistance with
plant damage within 10.6–24.4%; with the moderae susceptibility
(29.7–48.6%) lines 533, 858, 409, 322, 220, 688, 394, 418, 916, 374;
susceptibility (56.9–74.6) - lines 421, 17, 163, 40. Genotypes highly
susceptible to strain 13 were not identified.

The results of screening of mutant tomato lines in a greenhouse
showed that none of the tested genotypes was resistant to all stud-
ied A. alternata strains. According to the results of the analysis of
the average values of the degree of damage to plants, it was noted
that 4 lines had relatively high resistance: 743, 663, 868, 544;
moderate resistance � 8 lines: 898, 533, 542, 728, 130, 159, 688,
322; moderate susceptibility � 8 lines: 722, 858, 220, 917, 418,
394, 163, 43; the highest susceptibility � 7 lines: 311, 409, 374,
40, 421, 916, 17.

It was noted that the greatest aggressiveness was shown by
strain 12 - on average, the degree of damage to all mutant lines
was 32.9%; the least aggressiveness - strain 1 (degree of damage
� 29.4%). Also we noted that genotypes that showed greater resis-
tance to some strains were less resistant or susceptible to others.
For example, line 163, moderately resistant to strains 1, 11,
showed moderate susceptibility and susceptibility to strains 6,
12, 13.
3.3. Laboratory assessment

To analyze the resistance of mutant tomato lines to A. alternata
strains against an artificial infectious background under the labora-
tory conditions, the radius of necrosis, the rate of increase in necro-
sis, and the final degree of disease damage (percentage of necrotic
tissue from the leaf area) were assessed on separated leaf lobes
(Table 10).

Strain 1. The study of the resistance of mutant tomato lines to A.
alternata strain 1 showed that there were no symptoms of damage
upon inoculation with the pathogen on lines 663 and 868. The
radius of necrosis among susceptible lines varied within 1.9–
15.2 mm, the degree of leaf damage within 3.2–68.6. The lowest
ents of resistance to alternaria.

Greenhouse (GH) Laboratory

AUDPC-19 AUDPC-20 GH-Dev-13 Rad-13

0,94**
0,60** 0,71**
0,65** 0,76** 0,90**
0,64** 0,71** 0,83** 0,95**
0,66** 0,75** 0,91** 0,92**

ta strain 1), 2 AUDPC-18 – area under disease progress curve in the field in year 2018
nhouse (A. alternata strain 1), 4 Rad-1 – average final lesion radius caused by the
ion expansion caused by the infection by A. alternata strain 1 in the laboratory, 6 Sev-
infection by A. alternata strain 1 in the laboratory.



Table 9
Assessment of the damage of tomato mutant lines by A. alternata in a greenhouse.

Mo Strain 1, Diseas Mean ± SD Strain 6,
Diseas Mean ± SD

Strain 11,
Diseas Mean ± SD

Strain 12,
Diseas Mean ± SD

Strain 13,
Diseas Mean ± SD Average,

17 63,8 ± 1,27 62,6 ± 1,23 44,2 ± 0,54 71,2 ± 1,38 63,2 ± 1,37 61,0 ± 1,22
40 32,7 ± 0,98 57,9 ± 1,12 49,1 ± 0,67 71,8 ± 1,49 74,6 ± 1,39 57,2 ± 1,28
43 64,2 ± 0,62 41,0 ± 0,98 52,6 ± 0,85 43,1 ± 0,84 24,4 ± 0,43 45,0 ± 0,97
130 25,7 ± 0,60 19,3 ± 0,43 9,6 ± 0,18 15,8 ± 0,31 22,1 ± 0,38 18,5 ± 0,34
159 8,0 ± 0,28 12,5 ± 0,25 37,4 ± 0,62 30,8 ± 0,73 10,6 ± 0,11 19,8 ± 0,31
163 15,3 ± 0,64 40,6 ± 1,19 11,7 ± 0,18 52,9 ± 1,25 72,5 ± 1,37 38,6 ± 0,75
220 20,3 ± 0,46 28,8 ± 0,63 60,4 ± 1,35 35,0 ± 0,79 32,8 ± 0,58 35,5 ± 0,62
311 28,6 ± 0,53 52,9 ± 1,21 61,0 ± 1,14 54,1 ± 1,19 73,5 ± 1,35 54,0 ± 1,13
322 20,1 ± 0,50 17,9 ± 0,43 15,4 ± 0,28 36,2 ± 0,64 32,3 ± 0,64 24,4 ± 0,23
374 62,3 ± 0,54 71,8 ± 1,15 53,7 ± 0,84 45,5 ± 0,92 48,6 ± 0,92 56,4 ± 0,45
394 25,7 ± 0,43 35,1 ± 0,64 42,7 ± 0,80 47,6 ± 0,97 40,0 ± 0,83 38,2 ± 0,42
409 57,7 ± 0,37 61,3 ± 1,24 72,5 ± 1,16 48,0 ± 0,86 30,9 ± 0,75 54,1 ± 0,74
418 31,0 ± 0,48 33,7 ± 0,76 30,6 ± 0,58 45,7 ± 0,77 47,2 ± 0,70 37,6 ± 0,43
421 28,4 ± 0,39 67,3 ± 1,08 77,3 ± 0,94 60,1 ± 1,17 56,9 ± 0,85 58,0 ± 1,06
533 5,0 ± 0,33 10,1 ± 0,21 12,3 ± 0,15 7,4 ± 0,16 29,7 ± 0,22 12,9 ± 0,12
542 15,5 ± 0,15 11,4 ± 0,35 17,6 ± 0,24 13,0 ± 0,20 18,2 ± 0,19 15,1 ± 0,17
544 9,5 ± 0,12 6,3 ± 0,12 6,9 ± 0,10 9,4 ± 0,09 11,8 ± 0,13 8,8 ± 0,11
663 3,2 ± 0,07 6,2 ± 0,16 5,8 ± 0,12 1,5 ± 0,02 0,8 ± 0,03 3,5 ± 0,10
688 17,6 ± 0,34 24,8 ± 0,31 10,2 ± 0,11 28,0 ± 0,36 33,7 ± 0,43 22,9 ± 0,26
722 62,7 ± 0,32 30,7 ± 0,59 35,4 ± 0,45 21,3 ± 0,29 11,5 ± 0,14 32,3 ± 0,47
728 19,5 ± 0,43 6,8 ± 0,27 18,3 ± 0,23 15,0 ± 0,16 22,8 ± 0,23 16,5 ± 0,38
743 2,7 ± 0,10 4,8 ± 0,20 0,0 3,5 ± 0,05 3,0 ± 0,02 2,8 ± 0,09
858 34,8 ± 0,37 31,0 ± 0,74 42,6 ± 0,82 26,9 ± 0,17 30,1 ± 0,76 33,1 ± 0,68
868 0,0 4,2 ± 0,10 0,0 7,4 ± 0,14 6,5 ± 0,10 3,6 ± 0,13
898 11,4 ± 0,16 8,5 ± 0,11 9,6 ± 0,15 10,0 ± 0,18 16,3 ± 0,24 11,2 ± 0,18
916 81,5 ± 0,80 78,2 ± 1,28 58,4 ± 1,07 33,9 ± 0,58 47,4 ± 0,94 59,9 ± 1,21
917 45,7 ± 0,55 39,0 ± 0,56 30,7 ± 1,00 54,1 ± 1,26 12,3 ± 0,12 36,4 ± 0,58
Average 29,4 ± 0,44 32,0 ± 0,64 32,0 ± 0,54 32,9 ± 0,62 32,3 ± 0,56 31,7 ± 0,53
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degree of leaf damage (3.2–13.6%) was observed in lines 898, 159,
743, 533, 544, 220, 322. Lines 374, 917, 722, 43, 916 - the radius of
necrosis showed high susceptibility to this strain ranged from 12.1
to 15.2 mm, the degree of damage - from 38.1 to 68.6%.

Strain 6. Lines resistant to A. alternata strain 6 were not
observed. The radius of necrosis among susceptible lines varied
in the range of 1.8–16.2 mm, the degree of leaf damage was in
the range of 2.5–72.9%. The lowest degree of leaf damage (2.5–
14.5%) was recorded in 8 lines (663, 743, 868, 898, 322, 533, 728,
159). Lines 421, 374, 916 were highly susceptible with a lesion rate
of 41.3–72.9%.

Strain 11. No damage was noted on lines 743, 868. The radius of
necrosis among susceptible lines varied in the range of 2.0–
14.8 mm, the degree of leaf damage was in the range of 3.1–
72.5%. The lowest degree of leaf damage (3.1–12.6%) was observed
in lines 663, 322, 898, 163. Lines 43, 916, 409, 421 showed the
greatest susceptibility: the radius of necrosis was 11.3–16.1 mm,
the degree of leaf damage is 44.7–72.5%.

Strain 12. Mutant line 743 showed high resistance to this strain,
no necrosis of leaf tissues was observed. Among susceptible lines,
the radius of necrosis varied from 2.2 to 14.3 mm, the degree of leaf
damage - from 5.2 to 64.2%. The lowest degree of leaf damage
(5.2–13.8%) was recorded in lines 663, 898, 868, 544, 533. Lines
43, 17, 917, 40, 421 showed high susceptibility with a degree of
damage 40.2–64.2 %.

Strain 13. Line 663 was not damaged by A. alternata strain 13.
The radius of necrosis among susceptible lines varied from 2.0 to
15.1 mm, with the degree of leaf damage from 3.6 to 62.7%. Lines
743, 868, 722, 917, 159, 542, 898 were damaged to a lesser extent
(3.6–13.9%). Lines 421, 163, 311, 916, 40, 17 showed a high suscep-
tibility to this strain - the radius of necrosis varied from 13.6 to
15.1 mm, the degree of damage varied from 49.4 to 62.7%.

In general, the differences between strains and genotypes in
terms of the radius of the lesion, the rate of increase in necrosis,
and the damage degree of the disease were significant (at
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P < 0.01, P < 0.05) (table). The correlation was insignificant
between the parameters of the radius of necrosis (r = 0.37,
P < 0.05), the rate of increase in necrosis (r = 0.34, P < 0.05), the
degree of damage (r = 0.38, P < 0 , 05) by strain 13 and the degree
of damage by strain 1.

Assessment of the virulence of A. alternata strains on 27 mutant
lines showed that completely immune samples to all the studied
strains were not found. However, line 663 showed resistance to
strains 1, 13; line 743 - to strains 11, 12; line 868 - to strains 1,
11. No lines resistant to A. alternata strain 6 were found. Lines
421, 916 were highly susceptible to four strains; to three - line
43; to two - lines 17, 40, 374, 917; to one - lines 163, 311, 409, 722.

3.4. Comparison of the methods for assessing the resistance of mutant
tomato lines in the field, greenhouse and laboratory.

It has been determined that there is a predominantly high cor-
relation between the three testing methods. Thus, there was a sig-
nificant positive correlation (r = 0.57–0.91, p � 0.01) between the
degree of damage to plants by A. alternata strain in the greenhouse,
the parameters of damage in the field and under the laboratory
conditions (Table 8).

The correlation between the results of assessing the parameters
of tomato plants damage by the five studied strains in the green-
house and under the laboratory conditions was mainly positive
(r = 0.57–0.91, p � 0.01) (Table 11), and its enhancement was
observed when comparing the parameters of damage by the iden-
tical strains. The correlation between the degree of damage to
tomato lines by strain 1 in the greenhouse and the parameters of
damage by strain 13 under the laboratory conditions was insignif-
icant (r = 0.34–0.38, p � 0.05). Also, the correlation between the
degree of damage to tomato lines by strain 13 in the greenhouse,
the degree of damage to tomato lines by strain 1 in the greenhouse
(r = 0.34, p � 0.05) and under the laboratory conditions (r = 0.32,
p � 0.05).



Table 10
Assessment of the damage of mutant tomato lines by A. alternata strains under the laboratory conditions.

Mo Strain 1 Strain 6 Strain 11 Strain 12 Strain 13

Lesion
radius
(±SD)
(mm)1

Rate (±SD)
(mm/day)2

Severity
(±SD) (%)3

Lesion
radius
(±SD)
(mm)

Rate
(±SD)
(mm/day)

Severity
(±SD) (%)

Lesion
radius
(±SD)
(mm)

Rate
(±SD)
(mm/day)

Severity
(±SD) (%)

Lesion
radius
(±SD)
(mm)

Rate
(±SD)
(mm/day)

Severity
(±SD) (%)

Lesion
radius
(±SD)
(mm)

Rate
(±SD)
(mm/day)

Severity
(±SD) (%)

17 11,9 ± 0,60 1,31 ± 0,07 34,8 ± 1,51 10,7 ± 0,53 1,23 ± 0,06 29,3 ± 1,39 10,5 ± 0,57 1,20 ± 0,09 31,1 ± 1,46 13,6 ± 0,65 1,59 ± 0,07 45,3 ± 1,54 15,1 ± 0,65 1,52 ± 0,07 62,7 ± 1,84
40 8,7 ± 0,48 1,01 ± 0,07 25,6 ± 1,81 10,1 ± 0,37 1,32 ± 0,07 36,5 ± 1,55 9,2 ± 0,36 1,08 ± 0,05 30,1 ± 1,70 14,3 ± 0,61 1,65 ± 0,08 55,8 ± 1,88 14,7 ± 1,16 1,49 ± 0,08 62,4 ± 0,75
43 13,8 ± 0,60 1,46 ± 0,07 51,0 ± 1,78 8,6 ± 0,21 1,07 ± 0,04 24,7 ± 1,75 11,3 ± 0,46 1,38 ± 0,07 44,7 ± 1,15 12,2 ± 0,45 1,40 ± 0,07 40,2 ± 1,64 9,2 ± 0,53 1,10 ± 0,06 23,8 ± 1,58
130 7,5 ± 0,27 0,87 ± 0,05 12,6 ± 1,25 7,9 ± 0,16 0,85 ± 0,06 17,4 ± 1,45 9,0 ± 0,41 1,12 ± 0,07 21,5 ± 0,65 8,9 ± 0,41 1,02 ± 0,03 27,4 ± 1,70 9,7 ± 0,45 1,17 ± 0,06 26,5 ± 1,41
159 2,5 ± 0,24 0,24 ± 0,04 4,2 ± 0,73 8,0 ± 0,25 0,92 ± 0,05 14,5 ± 1,16 10,8 ± 0,41 1,19 ± 0,08 25,7 ± 0,55 8,5 ± 0,38 0,95 ± 0,05 26,2 ± 1,59 4,0 ± 0,16 0,53 ± 0,04 13,0 ± 1,03
163 7,6 ± 0,43 0,89 ± 0,06 15,5 ± 1,07 10,0 ± 0,32 1,25 ± 0,08 29,7 ± 1,68 4,6 ± 0,15 0,43 ± 0,07 12,6 ± 1,17 10,4 ± 0,52 1,30 ± 0,07 35,4 ± 1,61 13,8 ± 0,48 1,48 ± 0,07 52,2 ± 1,60
220 6,0 ± 0,49 0,73 ± 0,08 13,5 ± 1,19 9,8 ± 0,37 1,16 ± 0,07 29,0 ± 1,62 11,7 ± 0,70 1,26 ± 0,06 34,1 ± 1,52 11,1 ± 0,39 1,18 ± 0,06 29,8 ± 1,26 10,4 ± 0,61 1,22 ± 0,06 30,9 ± 1,47
311 8,2 ± 0,48 0,90 ± 0,07 15,3 ± 1,58 12,4 ± 0,39 1,46 ± 0,07 31,1 ± 1,70 13,5 ± 0,72 1,53 ± 0,08 36,2 ± 1,60 11,7 ± 0,33 1,35 ± 0,07 31,8 ± 1,63 14,1 ± 0,46 1,55 ± 0,06 52,4 ± 1,63
322 6,3 ± 0,32 0,67 ± 0,05 13,6 ± 1,06 7,5 ± 0,33 0,81 ± 0,02 11,7 ± 0,94 7,7 ± 0,29 0,83 ± 0,03 10,8 ± 0,58 9,9 ± 0,41 1,12 ± 0,06 25,9 ± 0,95 11,5 ± 0,69 1,38 ± 0,05 27,0 ± 1,67
374 12,1 ± 0,40 1,22 ± 0,07 41,6 ± 1,65 13,3 ± 0,28 1,52 ± 0,10 55,2 ± 1,84 10,8 ± 0,54 1,35 ± 0,07 33,5 ± 1,47 12,5 ± 0,47 1,32 ± 0,08 30,3 ± 1,42 9,6 ± 0,49 1,09 ± 0,04 24,1 ± 1,52
394 8,5 ± 0,57 0,89 ± 0,07 19,1 ± 1,49 9,1 ± 0,19 1,15 ± 0,05 22,4 ± 0,68 11,7 ± 0,69 1,34 ± 0,08 26,0 ± 1,73 11,0 ± 0,65 1,35 ± 0,07 29,7 ± 1,53 10,1 ± 0,52 1,19 ± 0,05 25,5 ± 1,56
409 11,6 ± 0,74 1,28 ± 0,08 30,1 ± 1,73 11,8 ± 0,15 1,25 ± 0,05 34,5 ± 1,57 14,8 ± 0,49 1,57 ± 0,07 51,7 ± 1,66 12,6 ± 0,50 1,34 ± 0,07 32,8 ± 1,38 9,5 ± 0,45 1,07 ± 0,05 22,4 ± 1,39
418 9,1 ± 0,30 1,15 ± 0,05 18,7 ± 1,46 10,7 ± 0,28 1,21 ± 0,06 26,3 ± 0,75 8,0 ± 0,42 1,05 ± 0,04 22,6 ± 0,57 12,1 ± 0,37 1,38 ± 0,08 30,9 ± 1,17 11,3 ± 0,60 1,34 ± 0,08 34,7 ± 1,56
421 9,8 ± 0,53 1,20 ± 0,06 35,8 ± 1,66 13,6 ± 0,53 1,57 ± 0,07 41,3 ± 1,61 16,1 ± 0,72 2,03 ± 0,15 72,5 ± 1,96 13,8 ± 0,44 1,53 ± 0,09 64,2 ± 1,85 13,7 ± 0,46 1,55 ± 0,09 49,4 ± 1,57
533 3,1 ± 0,42 0,43 ± 0,07 6,5 ± 1,18 5,9 ± 0,28 0,63 ± 0,03 12,0 ± 1,04 8,8 ± 0,43 1,17 ± 0,04 26,1 ± 1,37 4,1 ± 0,11 0,50 ± 0,04 13,8 ± 1,07 10,3 ± 0,54 1,38 ± 0,07 25,1 ± 1,52
542 7,3 ± 0,38 0,84 ± 0,01 23,1 ± 0,58 8,4 ± 0,46 0,94 ± 0,02 30,2 ± 1,42 6,5 ± 0,31 0,72 ± 0,05 20,4 ± 0,47 5,3 ± 0,12 0,55 ± 0,02 17,3 ± 1,19 5,1 ± 0,32 0,58 ± 0,03 13,9 ± 1,14
544 3,0 ± 0,09 0,54 ± 0,01 9,5 ± 0,23 5,6 ± 0,23 0,60 ± 0,06 16,2 ± 0,52 7,9 ± 0,41 0,86 ± 0,03 34,2 ± 1,72 4,5 ± 0,16 0,48 ± 0,02 13,2 ± 1,12 8,6 ± 0,44 0,94 ± 0,05 24,7 ± 1,37
663 0,0 0,0 0,0 1,8 ± 0,13 0,22 ± 0,02 2,5 ± 0,15 2,0 ± 0,11 0,25 ± 0,02 3,1 ± 0,14 2,2 ± 0,08 0,28 ± 0,01 5,2 ± 0,32 0,0 0,0 0,0
688 8,9 ± 0,49 1,21 ± 0,11 28,4 ± 1,10 8,3 ± 0,44 1,05 ± 0,09 19,0 ± 1,25 6,4 ± 0,24 0,71 ± 0,05 15,3 ± 1,12 10,5 ± 0,52 1,19 ± 0,06 29,3 ± 1,46 10,1 ± 0,38 1,15 ± 0,06 31,8 ± 1,59
722 12,8 ± 0,42 1,25 ± 0,32 44,7 ± 1,05 9,7 ± 0,52 1,30 ± 0,27 24,1 ± 1,58 10,7 ± 0,35 1,42 ± 0,32 36,4 ± 1,21 7,3 ± 0,36 0,82 ± 0,06 21,0 ± 0,64 4,0 ± 0,25 0,51 ± 0,02 9,5 ± 0,96
728 7,5 ± 0,38 0,83 ± 0,07 16,2 ± 1,14 4,7 ± 0,39 0,52 ± 0,02 13,4 ± 1,12 8,3 ± 0,44 1,05 ± 0,12 25,2 ± 1,13 7,6 ± 0,39 0,78 ± 0,05 20,1 ± 0,61 7,5 ± 0,27 0,96 ± 0,04 17,3 ± 1,20
743 3,4 ± 0,19 0,45 ± 0,03 5,8 ± 0,23 2,2 ± 0,32 0,36 ± 0,03 5,5 ± 0,17 0,0 0,0 0,0 0,0 0,0 0,0 2,0 ± 0,13 0,28 ± 0,02 3,6 ± 0,68
858 9,7 ± 0,50 1,27 ± 0,10 28,9 ± 1,70 10,2 ± 0,49 1,33 ± 0,11 24,0 ± 1,21 12,2 ± 0,31 1,40 ± 0,21 33,7 ± 1,76 8,2 ± 0,40 0,84 ± 0,07 19,5 ± 1,17 9,7 ± 0,51 1,22 ± 0,07 31,8 ± 1,44
868 0,0 0,0

0,0
3,1 ± 0,19 0,43 ± 0,03 6,3 ± 0,25 0,0 0,0 0,0 5,5 ± 0,25 0,57 ± 0,04 11,2 ± 1,05 2,6 ± 0,14 0,36 ± 0,03 4,1 ± 0,73

898 1,9 ± 0,07 0,28 ± 0,01 3,2 ± 0,14 3,6 ± 0,15 0,39 ± 0,02 7,4 ± 1,04 5,5 ± 0,27 0,58 ± 0,04 12,3 ± 1,02 3,2 ± 0,20 0,37 ± 0,03 10,2 ± 0,95 6,0 ± 0,28 0,72 ± 0,05 13,9 ± 1,07
916 15,2 ± 0,68 1,98 ± 0,14 68,6 ± 2,29 16,2 ± 0,60 2,13 ± 0,19 72,9 ± 2,37 13,0 ± 0,48 1,52 ± 0,09 49,7 ± 1,22 10,6 ± 0,59 1,09 ± 0,05 24,3 ± 0,67 13,6 ± 0,52 1,51 ± 0,09 52,8 ± 1,69
917 12,6 ± 0,45 1,55 ± 0,09 38,1 ± 1,61 10,7 ± 0,51 1,32 ± 0,12 23,5 ± 1,33 8,6 ± 0,51 1,14 ± 0,10 24,1 ± 1,53 13,7 ± 0,62 1,76 ± 0,11 52,2 ± 1,43 3,7 ± 0,14 0,44 ± 0,02 9,6 ± 0,86
Average 7,7 ± 0,39 0,90 ± 0,07 22,4 ± 1,16 8,7 ± 0,34 1,03 ± 0,07 24,5 ± 1,23 8,8 ± 0,40 1,04 ± 0,08 27,2 ± 1,13 9,1 ± 0,38 1,03 ± 0,06 27,5 ± 1,22 8,9 ± 0,43 1,03 ± 0,05 27,6 ± 1,29

1 Average final lesion radius caused by the infection by A. alternata strains, 2 average rate (mm/day) of lesion expansion caused by the infection by A. alternata strains, 3 average final percentage disease severity at the detached-
leaflet level caused by the infection by A. alternata strains.
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4. Discussion

The development, maintenance and practical use of genetic col-
lections of plants are the important factors in increasing the effi-
ciency of breeding and genetic research.

The collection of mutant tomato forms of the Federal State Bud-
getary Scientific Institution ‘‘Federal Research Center of Biological
Plant Protection” is part of the tomato gene pool. It collects and
maintains mutant forms of tomato, numbering more than 500
samples. A collection of mutant tomato forms was collected by
Academician A.A. Zhuchenko. Professors C. Rick (University of Cal-
ifornia) and H. Stubble, Chr. Lehmann (Germany) kindly provided
mutant forms from their collections. The greatest number of muta-
tions is obtained when S. lycopersium is exposed to physical and
chemical mutagens. Mutations in the lines have undergone long-
term selection and are not cleaved when the tomato is sown. These
samples are adapted to the climatic conditions of the South of Rus-
sia, for more than 15 years they have been grown on the experi-
mental plot of the Federal State Budgetary Scientific Institution
FRCBPP (Krasnodar) in the field and a greenhouse.

In genetic studies, collections of mutant forms of tomato are
used quite widely (Hao et al., 2017 , Das et al., 2019). Plant
resources in genetic banks contain identified donors of genetic
resistance to abiotic and biotic stressors (Bocharnikova and
Kozlova, 1992 , Hammer, 2003 , Halewood et al., 2018).

However, not all plant samples from genetic banks have identi-
fied marker loci. Only 1% of plants in the world collection have
fetotypic and genotypic characteristics. This leads to the fact that
about 10% of genetic collections are actively used in breeding.
Although the genetic maps of chromosomes for the tomato culture
are quite complete, the potential possibilities of using this crop for
breeding programs for immunity are not thoroughly studied, and
information on the economically valuable and adaptive genetic
potential of tomato species is limited (Zhuchenko, 2001). Intro-
gression of resistance genes from S. lycopersicum is a viable and
promising strategy. This research should be based on knowledge
of the source of the resistance prior to its introduction into a breed-
ing program in the future.

The importance of cultivated plant species and varieties
adapted to local conditions is extremely high, since it is their bio-
logical properties that make it possible to withstand external stress
factors (Zhuchenko, 2001), which is of great importance in a chang-
ing climate.

According to our observations in Russia, the most dangerous
pathogens on tomato plantings are alternaria (Alternaria sp.), late
blight (Phytophtora infestans (Mont.) de Bary), fusariumwilt (Fusar-
ium sp.), verticillium wilt (Verticillium sp.), black mold (Aspergillus
niger Tieghem),mildew (Erysiphaceae), cladosporium (Cladosporium
fulvum Cooke) and various viruses. In the south of Russia, meteoro-
logical conditions often go beyond the norm, which accordingly
affects the development and distribution of many harmful objects.
Thus, due to hot weather with frequent alternation of dry and rainy
days, an increase in the harmfulness of Alternaria sp. fungi.

In the course of long-term field research against a provocative
infectious background, 27 mutant lines were selected from four
countries of the world (Russia, Germany, Bulgaria and the United
States), which showed the greatest resistance to various pests in
the conditions of the South of Russia.

In the search for the plants most resistant to the pathogen, the
selection method is extremely important. The combination of
methods - field, greenhouse and laboratory - allows the most com-
plete assessment of the resistance of samples to disease.

The advantage of the field method is obvious: the complex
action of environmental factors, both biotic and abiotic (tempera-
ture, precipitation, humidity), makes it possible to test samples
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in natural conditions and draw a conclusion about the resis-
tance and adaptability of plants in a specific agroclimatic zone.
Under greenhouse and laboratory conditions, parameters such as
temperature, humidity, inoculum amount are regulated, which
creates a stronger infectious load on plants and allows you to
quickly assess the resistance of tomato plants to disease. Therefore,
these methods have an undeniable advantage over the field
method, since they allow an assessment of resistance in years
when there is no strong development of the disease in the field
(Popkova, 1979 , Chaerani et al., 2007).

However, the data obtained by inoculation under isolation con-
ditions of the plants may not coincide with the data obtained dur-
ing field experiments. Also, when individual leaves are infected,
the integrity of the organism is violated, the defense reactions
actively occurring in it are slowed down (usually by 5–6 days),
and resistance to infection is limited to isolated leaf tissues
(Popkova, 1979). Thus, studies by Foolad et al., 2000 showed a rela-
tionship between the results of field and greenhouse studies on
replicates, years and genotypes of tomato. However, the method
of leaf inoculation was not recognized as reliable, since the data
of laboratory experiments did not correlate with either the results
of studies in the greenhouse or with field data. However, in the
studies of Locke, 1948, Nekoval et al., 2020b, when inoculating
the separated leaf lobes with mycelial suspension in laboratory
analysis, the effectiveness of this method was noted, and a positive
correlation was found with the results of field and greenhouse
assessments. Also, Chaerani et al., 2007 showed in studies that
the drip method of inoculation is easy to use and allows you to
objectively assess the severity of alternaria. However, it should
be noted that the authors used this method not on separated leaf
lobes in laboratory conditions, but on individual leaves on whole
plants in a greenhouse.

According to the results of our studies in the field, despite dif-
ferent weather conditions in the years of the experiment, and, as
a consequence, different percentages of the development of the
disease, a positive correlation was noted over three years of the
experiment, which made it possible to combine mutant lines into
resistance groups. Eighteen mutant lines were noted that showed
relative and moderate resistance to alternaria. On individual
mutant lines (in years with less favorable weather conditions for
the development of the pathogen), signs of damage to plants by al-
ternaria were not observed.

The results of the screening of mutant tomato lines in the green-
house and in the laboratory showed that none of the tested geno-
types was resistant to all studied strains of A. alternata. Despite
the fact that all the studied strains belong to the same A. alter-
nata species, the genotypes that showed resistance to some strains
and susceptibility to others were noted. For example, under labora-
tory conditions, Mo 663, resistant to strains 1, 13, showed some sus-
ceptibility to strains 6, 11, 12;Mo 868, resistant to strains 1, 11, was
weakly affected by strains 6, 12, 13. It was also noted that strains 12
and 13were themost aggressive (the radius of necrosis was 9.1 and
8.9 mm, the degree of damage was 27.5 and 27.6%, respectively).
Such a difference in the responses of tomato genotypes to different
strains of the pathogen of the same species is explained by the
results of the previously conducted molecular genetic examination
of the isolated isolates (Nekoval et al., 2020b). It was revealed that A.
alternata sequences have regions that are different in their struc-
ture. This makes it possible to consider the strains selected for the
study to be different in population-genetic, epiphytothiological
characteristics and harmfulness.

The predominantly positive correlation between methods
for selecting resistant samples indicates that each of the three
methods is valid and can be used independently to assess resis-
tance, while greenhouse and laboratory methods can be used to
expedite plant screening.
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Knowledge of the intrapopulation genetic structure of alternaria
pathogens and the resistance of promising tomato donors will
make it possible to scientifically substantiate, develop and propose
principles for developing genetically protected crop varieties.

5. Conclusions

Analysis of the resistance of mutant tomato lines from Ger-
many, Bulgaria, Russia, and the United States to five strains of A.
alternata in the field, in a greenhouse, and under the laboratory
conditions showed that completely immune samples to all studied
strains were not found in the conditions of southern Russia. All
studied mutant lines had varying degrees of resistance. The geno-
types from the USA showed the greatest resistance to alternaria in
the field: Mo 868, 663, 533, 544, and 898. Mutant lines 743, 663,
868, 544 (USA) have relatively high resistance to all studied strains
in the greenhouse; under the laboratory conditions - mutant lines
663, 743, 868 (USA).

A significant correlation was noted between the results of field,
greenhouse and laboratory assessments, which indicates a strong
connection between them and the possibility of using these meth-
ods independently of each other.

As a result of the research, promising mutant tomato lines were
selected for inclusion in the breeding process for development of
tomato varieties resistant to various A. alternata strains isolated
in the South of Russia; the comparison of various methods of
tomato screening for resistance to alternaria in the conditions of
the South of Russia was carried out.

The results of our research are the basis for the development of
resistant / tolerant varieties adapted to the conditions of specific
agro-climatic zones in the South of Russia.
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