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Aim: To evaluate new Ukrainian potato breeding material for resistance to the common pathotype 1(D1) of the 
potato wart pathogen Synchytrium endobioticum. Furthermore, to re-evaluate during 2021–2023 seventeen Ukrai-
nian potato varieties for the validity of previously determined resistance towards the common pathotype 1(D1), 
and also to assess resistance to 4 virulent pathotypes present in Ukraine and one virulent pathotype occurring 
in Georgia. This all to introduce new sources of resistance in Ukrainian breeding programs and to use resistant 
material (more) effectively in disease foci in the respective countries. Materials and Methods: In our present 
study 971 samples of potato breeding material were used in the first year of laboratory testing and 306 samples 
in the second year. The breeding material used originated from of the Institute of Potato Research of the NAAS 
of Ukraine (IPR NAAS), and its Polissia Experimental Department (PED). Seventeen Ukrainian potato varieties 
(Table 3) were used for field studies to validate the earlier assessment of resistance to S. endobioticum common 
pathotype 1(D1), and to evaluate resistance to virulent pathotypes present in Ukraine (11(M1), 13(R2), 18(Ya), 
22(B1)), and one virulent pathotype found in Georgia (38(N1)). The resistance to the potato wart pathogen was 
assessed under laboratory conditions against an artificial infectious background, using winter and summer zoo-
spores for the breeding material and a natural infectious background in some foci of the pathogen in Ukraine 
and Georgia, according to EPPO Standard PM 7/28(2) and the national methodology harmonized with the EU 
requirements. Results: Resistance to winter zoospores of the common pathotype 1(D1) was determined in 949 
out of 971 samples (97.7 %) in the first year of testing and in 300 out of 306 samples (98 %) in the second year, 
using summer zoospores. Resistance to 11(M1) was present in 14 varieties (82.4 %): Alians, Glazurna, Khor-
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Introduction
Synchytrium endobioticum (Schilb.) Perc. is a bio

trophic, chytrid soil-based fungal pathogen causing 
potato wart disease. It is believed that this pathogen 
originated in Andes region of South America, where it 
evolved along with its solanaceous host plants (van de 
Vossenberg et al., 2022). At present, S. endobioticum 
is classified as a quarantine organism in 31 countries, 
reported from all continents where potato is grown, 
and deemed to be one of the most dangerous patho-
gens, infecting this crop (EPPO, 2024).

The legislative provisions, including strict phyto
sanitary control, prohibition to grow susceptible po-
tato varieties on infected soils for a long time (longer 
than 20 years) and wider introduction of resistant 
varieties, made elimination of S. endobioticum in 
some regions possible (Langerfeld et al., 1994; Fiers 
et al., 2012; EPPO 2017a, b, c, 2021; EFSA, 2018). 
However, even such a long prohibition period may 
be insufficient to solve the problem completely. An 
example is Prince Edward Island (Canada), where 
this pathogen was first detected in 2000, causing an 
economic loss of $30 million already during the first 
year after the introduction of the regulatory measures 
(Franc, 2007). It took many years, considerable ef-
forts, further resources, and personnel to solve the 
problem and minimize the impact of the disease. 
Despite the introduction of all measures the patho-
gen was detected again in 2021 on two farms and in 

2022 on one farm (Canadian Food Inspection Agency, 
CFIA, 2022, 2023a and b).

However, even if the source of the wart outbreak 
is considered to be eliminated, new outbreaks can 
happen again. For instance, it is probable that S. endo- 
bioticum which first appeared in the province of Gro
ningen, the Netherlands in 1907 was eliminated by 
1970, but it re-appeared in this province again in 
1973 (Baayen et al., 2006; EFSA, 2018). In Denmark,  
S. endobioticum spread from the end of the 19th cen-
tury till the 1950s. The eradication of its foci was 
declared in 1989, yet new outbreaks of the disease 
were registered in 2014 and 2016 (EPPO, 2014; Niel
sen, 2017; EFSA, 2018; van de Vossenberg et al., 
2022).

A combination of factors makes elimination of 
foci very difficult, including the absence of efficient 
chemical or physical methods to destroy the inoculum 
in the soil. Chemical control of potato wart has been 
studied worldwide for over 70 years. Yet even now, 
the chemical methods are unreliable, and/or toxic to 
the environment, and prohibited in many regions, 
including the EU (Obidiegwu et al., 2014; EFSA, 
2018). Other factors include the resistance of winter 
sporangia of S. endobioticum to high temperatures, 
microbial antagonism and competition, their uneven 
localization in the soil, and difficulties in determining 
their viability. In addition, the insufficient sensitivity 
of classical and modern molecular methods compli-

tytsia, Podolianka, Rodynna, Shchedryk, Skarbnytsia, Slauta, Slovianka, Solokha, Strumok, Tyras, Vzirets, and 
Zhytnytsia. Resistance to 13(R2) was also present in 13 varieties (76.5 %): Alians, Aria, Glazurna, Khortytsia, 
Kniahynia, Rodynna, Shchedryk, Skarbnytsia, Slauta, Solokha, Strumok, Tyras, and Vzirets. Resistance to 18 
(Ya) was present in 8 varieties (47.1 %): Aria, Glazurna, Kniahynia, Rodynna, Skarbnytsia, Slauta, Vzirets, and 
Zhytnytsia. Resistance to 22(B1) was found in 12 varieties (70.6 %): Alians, Charunka, Glazurna, Khortytsia, 
Kniahynia, Rodynna, Shchedryk, Solokha, Strumok, Tyras, Vzirets, and Zhytnytsia. The most virulent pathotype 
was found to be 38(N1), re-confirming unpublished results of the authors. Only two varieties (11.8 %), Kniahynia 
and Rodynna, were resistant to this pathotype, proving the need for enhanced detection and breeding work to 
determine the distribution of this pathotype and to adequately control it, once found. The variety Polisska Ro-
zheva, used as a susceptible control, was affected by all pathotypes, which confirms its high susceptibility to the 
pathogen. Conclusions: In an evaluation for resistance of new Ukrainian breeding material against the common 
pathotype 1(D1) of S. endobioticum, c. 98 % was found to be resistant, when subjected to inoculation with winter, 
as well as summer spores. Potato varieties that are resistant to one or more pathotypes can be recommended to 
be used in foci where the occurrence of that pathotype or those pathotypes is known. In case of not fully tested 
foci, the planting of varieties Glazurna (resistant to all 5 pathotype known to occur in Ukraine, but sensitive to 
pathotype 38(N1), till now only reported to be established in Turkey, Bulgaria and Georgia) or Rodynna (resis-
tant to all six tested pathotypes) should be enforced. The data on resistance of our testing can be used in further 
breeding programs. Finally, it is strongly recommended that molecular methods such as marker assisted selection 
and microsatellite diagnostics are incorporated in Ukrainian and Georgian breeding activities.
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cates the early detection of low levels of inoculum 
and (new) pathotypes in soil (EFSA, 2018). It may 
lead to the accumulation of a hidden initial popula-
tion, since, as Przetakiewicz (2015a) demonstrated, 
under favourable conditions the relapse of the disease 
may occur even from one winter sporangium 43 years 
later. Laidlaw (1985) reported that winter sporangia 
preserved their viability in soil even for 71 years. 
At present, the only efficient approach to disease 
control and prevention of further distribution of the 
pathogen is the early detection and identification 
of pathotypes of S. endobioticum and furthermore 
implementation of strict phytosanitary and regula-
tory measures, along with the cultivation of potato 
varieties, resistant to pathotype(s) of the pathogen, 
present in the infected fields (EFSA, 2018; EPPO, 
2017b and c; EU, 2022).

The measures and requirements mentioned above 
are conditioned by the ability of the pathogen to form 
new pathotypes, capable of breaking varietal resis-
tance (Przetakiewicz, 2015a; van de Vossenberg et 
al., 2022). Thus, the knowledge about this aspect is 
extremely relevant for an accurate selection of resis-
tant potato varieties to prevent the further spreading  
of potato wart in a specific area (EFSA, 2018). Only 
one pathotype of S. endobioticum was present in 
the European fields at the start of the introduction 
of the pathogen into Europe in the 1880s, namely 
1(D1). Although the use of resistant potato varieties 
has achieved a good level of control of the patho-
gen, since 1941, new, more virulent pathotypes have 
emerged that have proven to be much more difficult 
to control and eradicate than the original pathotype 
1(D1) (Baayen et al., 2006, van de Vossenberg et al.,  
2022). Already in the 1980s some 17 pathotypes were 
described in Central Europe (Bojnansky, 1984), while 
globally, more than 40 pathotypes have been recog-
nized in recent years. The most common method is 
the determination of pathotypes by the virulence of 
S. endobioticum on a set of differentiating potato 
varieties (Przetakiewicz, 2017; EFSA, 2018; van de 
Vossenberg et al., 2022 and 2024). Among the latest 
described pathotypes are 38(N1) (Nevşehir), found 
for the first time in Turkey in 2009 (and also latter 
reported from Bulgaria Georgia and the Netherlands),  
39(P1) from Poland and 40(BN1) and 41(P2) from 
Poland and Sweden (Çakır et al., 2009; Przetakie-
wicz, 2015b; Boberg & Björklund, 2018; Sikharu
lidze et al, 2019, Ghoghoberidze et al., 2020; van 
de Vossenberg, 2022). Among all the detected patho-

types, currently the most relevant ones in the region 
from the standpoint of harmfulness are pathotypes 
1(D1), 2(G1), 6(O1), 8(F1) and 18(T1) according to 
the European classification system (Van de Vossen-
berg et al., 2022).

In Ukraine, potato wart was first detected in 1938 
(Melnik, 2003). The peak of the disease spreading was 
registered in 1996, when it was detected in 19 regions, 
110 districts, 1,674 settlements, 86,434 household land 
plots, in total 12,134 ha (Melnik, 2003). In recent 
years, the area of potato wart foci decreased consid-
erably, and as of January 01, 2025, the disease was 
spread in 5 regions, 14 districts, 204 settlements, 7,794 
household land plots, on the total area of 2,313.41 ha. 
The highest density of potato wart foci and its virulent 
forms is in the Carpathian region of Ukraine (Review 
of quarantine pests spread in Ukraine as of 01.01.2025. 
https://dpss.gov.ua/fitosanitariya-kontrol-u-sferi- 
nasinnictva-ta-rozsadnictva/fitosanitarnij-kontrol/ 
oglyad-poshirennya-karantinnih-organizmiv-v- 
ukrayini. Last retrieved April 2025, in Ukrainian).

The presence and diversity of potato wart patho-
types is documented in Ukraine since 1961. While 
in 1988 seven pathotypes were identified (Saltykova, 
1988), since 2003, only five pathotypes are found in 
the mountainous regions of Ukraine: the common 
pathotype 1(D1) and four virulent pathotypes, which 
were classified in a system deviating from the usual 
European classification system as: 11(М1) (detected 
in the village of Maidan, Khust district), 13(R2) (the 
town of Rakhiv, Transcarpathian region), 18(Ya) (the 
village of Yasinia, Rakhiv district, Transcarpathian 
region) and 22(B1) (the village of Bystrets, Verk-
hovyna district, Ivano-Frankivsk region) (Melnik, 
2003). Virulent pathotypes, common in the Carpathian 
region, can affect up to 90 % of potato varieties re-
sistant to the common pathotype, so the selection of 
potato varieties with comprehensive resistance to all 
pathotypes of the wart pathogen present in the country 
is an important continuous task.

For more than 85 years, the Ukrainian Scientific 
Research Plant Quarantine Station of the Institute of 
Plant Protection of the NAAS of Ukraine has been 
working on the evaluation and selection of newly 
developed potato varieties and hybrids resistant to 
common and virulent pathotypes of the wart patho-
gen. The results of this evaluation are sent annually 
to the Ukrainian Institute for Plant Variety Exami-
nation in Kyiv for inclusion in the State Register of 
Plant Varieties Suitable for Spreading in Ukraine.  
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As of 2024, the State Register of Ukraine includes 
200 potato varieties, of which 95 are Ukrainian bred 
and resistant to pathotype 1(D1) of S. endobioticum 
(State Register of Plant Varieties Suitable for Spread-
ing in Ukraine, see https://minagro.gov.ua/file-storage/
reyestr-sortiv-roslin). After registration, new resistant 
potato varieties are proposed for introduction in the 
country’s wart foci.

The aims of this joint Ukrainian-Georgian study 
were 1) to evaluate new potato breeding material for 
resistance to the common pathotype 1(D1) of S. endo-
bioticum and 2) to (re)-evaluate seventeen Ukrainian 
potato varieties for the validity of the previously de-
termined resistance to the five pathotypes common in 
Ukraine and the virulent pathotype 38(N1), occurring 
in Georgia (Ghoghoberidze et al., 2020) for further 
use in the breeding process as sources of resistance 
to the potato wart pathogen and their effective use 
in the control of disease outbreaks in both Ukraine 
and Georgia.

Materials and Methods
Plant material. The study involved breeding ma-

terial and potato varieties of the Institute of Potato 
Research of NAAS (IPR NAAS), and its Polissia Ex-
perimental Department (PED): 971 potato samples for 
the first year of laboratory testing, and 306 samples 
for the second year of laboratory testing.

Seventeen Ukrainian potato varieties, viz. Alians, 
Aria, Charunka, Glazurna, Khortytsia, Kniahynia, 
Podolianka, Rodynna, Shchedryk, Skarbnytsia, Slau-
ta, Slovianka, Solokha, Strumok, Tyras, Vzirets and 
Zhytnytsia, were used in field studies to validate the 
evaluation of the resistance to potato wart pathotypes, 
common for Ukraine and Georgia as determined in 
the year prior to the registration of these varieties 
and repeated at least every 5 years.

Location of laboratory and field experiments. 
Laboratory testing was conducted at the Ukrainian 
Scientific Research Plant Quarantine Station of the 
Institute of Plant Protection, the NAAS (UkrSRPQS, 
the IPP NAAS, the village of Boyany, Chernivtsi 
district, Chernivtsi Region) and the Transcarpathian 
base of the UkrSRPQS, the IPP NAAS (the village 
of Maidan, Khust district, Transcarpathian Region).

Field experiments were conducted in the following 
pathogen foci:
in Ukraine:

1) � Berehomet (Vyzhnytsia district, Chernivtsi 
region) — common pathotype 1(D1);

2) � Maidan (Khust district, Transcarpathian 
Region) — pathotype 11(M1), Mizhhirsky;

3) � Rakhiv (Rakhiv district, Transcarpathian 
region) — pathotype 13(R1), Rakhivsky;

4) �Y asinia (Rakhiv district, Transcarpathian 
region) — pathotype 18(Ya), Yasinivsky;

5) � Bystrets (Verkhovyna district, Ivano-
Frankivsk region) — pathotype 22(B1), 
Bystretsky;

and in Georgia:
1) �K hulo (municipality, Adjara) — pathotype 

38(N1), Nevşehir.
The studies were performed within the framework 

of the Agreement of creative cooperation between 
UkrSRPQS, the IPP NAAS (Ukraine), and the In-
stitute of Phytopathology and Biodiversity of the 
Shota Rustaveli Batumi State University (Georgia) 
in 2019–2024.

Methodology used for the evaluation of Ukrai-
nian potato breeding material for resistance to  
S. endobioticum. The breeding material was tested  
for resistance to the common pathotype 1(D1) using  
artificial inoculation according to the Ukrainian Me
thod of evaluating and selecting the breeding material 
of potato, resistant to wart Synchytrium endobioticum 
(Schilb.) Perc., which is harmonized with the require-
ments of the EU and is also taking EPPO Standard 
PM 7/28(2) (EPPO, 2017b) into account (Zelya et al., 
2015; EU, 2022). The variety Glazurna, resistant to 
all five pathotypes of potato wart tested and found in 
Ukraine, served as resistant control and the variety 
Polisska Rozheva, susceptible to those pathotypes, as 
susceptible control. Each experiment was performed 
in triplicate.

1. � First year laboratory testing (inoculation of 
potato tuber sprouts with winter zoospores of 
zoosporangia of pathotype 1(D1).

Potato samples (5 tubers per sample, also for the 
controls) were artificially inoculated with winter zoo-
sporangia distributed at a level of 50–60 zoosporangia 
per g of substrate (see below) under laboratory condi-
tions, in specially prepared containers of 30×40 cm. 
The containers were filled with substrate, consisting 
of soil and perlite, in the 1:1 ratio. The containers 
were kept for 75 days under the following conditions: 
substrate humidity 80 %; illumination 1600 lux, with 
a 12h/12h light/darkness regime; temperature 17– 
18 °C. The containers were watered every three days. 
After 75 days, the response of the potato samples to 
the infection was evaluated by inspecting sprouts, 
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tubers, stolons, and stems of each sample and the 
number of warts determined. The results were deemed 
reliable if score 4 or 5 of susceptible reactions were 
observed on the susceptible control on at least 80 % 
tubers (Zelya, 2015).

2 � Second year laboratory testing (inoculation of 
potato tuber sprouts with summer zoospores 
from fresh warts, pathotype 1(D1).

A paper ring, fixed with a mixture of paraffin and 
vaseline in the 1:1 ratio, was attached around the 
sprout part of the potato tubers. Distilled water was 
poured into the ring with the addition of 0.5 см3 of 
fresh wart, containing summer zoospores (Fig. 1). 
To stimulate the infection, samples were incubated 
in the thermostat at 11 °C and a relative humidity 
(RH) of 80 % for 48 h. Subsequently incubation was 
continued in a climatic chamber at 17–18 °C and RH 
of 80 % for 28 days without any illumination. The re-
sults were deemed reliable if score 4 or 5 (as defined 
in the following paragraph) of susceptible reactions 
were observed on the susceptible control on at least 
80 % tubers (Zelya et al, 2015).

3. � Evaluation of resistance to six different patho-
types of  S. endobioticum of 17 Ukrainian potato 
varieties under field conditions (2021–2023).

The validation of earlier determined resistance to 
S. endobioticum of 17 Ukrainian potato varieties in-
cluded in the State Register of Plant Varieties Suitable 
for Spreading in Ukraine was carried out according 
to the government requirements (Regulations, 1993; 
Zelya et al., 2015) where it is recommended to do this 
validation every 5 years. The present validation was 

performed under field conditions, in existing foci of 
the common pathotype 1(D1) of S. endobioticum in 
Ukraine. Field evaluation of resistance towards the 
four virulent pathotypes present in Ukraine and one 
virulent pathotype occurring in Georgia was con-
ducted in the existing foci in both countries (see under 
Location of laboratory and field experiments).

For each variety, 10 tubers were planted at a depth 
of 30 cm and with a row spacing of 70 cm, in trip-
licate, in a randomized plot. Variety Polisska Ro-
zheva, susceptible to all 6 pathotypes, was used as 
susceptible control, and variety Glazurna, resistant to 
all known virulent pathotypes occurring in Ukraine, 
served as resistance control. Herbicides were applied  
before and after potato sprouting, where applicable in 
a tank mixture with growth regulators, fungicides and 
trace elements; potato crops were 1–2 times treated 
against the Colorado potato beetle; up to five app
lications of fungicides and foliar fertilization were 
given at an average interval of 7–10 days. The de-
gree of plant resistance to S. endobioticum was de-
termined on the 75th day after planting by digging 
potato bushes and examining each stem, stolon, and 
tuber per sample.

The response of potato samples after being infected 
with S. endobioticum was determined visually using 
the following scale (EPPO, 2020):

• � Score 1, type R1:	� extremely resistant  
(total necrotized tissue);

• � Score 2, type R1:	� resistant variety/variety 
sample (necrotized tissue);

NB: � In our study score 1 and 2 are combined for 
reasons of practicability to the trade in the final 
evaluation table (Table 3)

• � Score 3, type R2:	� weakly resistant  
(rare soruses, necrosis);

• � Score 4, type S1:	 susceptible (dense soruses  
			   with the deformation  
			   of a potato sprout);

• � Score 5, type S2:	 very susceptible  
			   (sprout deformation,  
			   wart growth (Fig. 4).

Potato sprouts were analysed under a microscope 
(10×15 magnification), BioLight 300 (DELTA opti-
cal, Poland).

Meteorological characteristics of the growing 
seasons 2021–2023. During the potato growing sea-
son in 2021–2023, generally favourable meteorologi-
cal conditions for the development of both potatoes 

Fig. 1. � Inoculation of potato breeding material with sum-
mer zoospores from fresh warts of Synchytrium 
endobioticum
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and the pathogen were observed in the foci of wart in 
the Chernivtsi, Ivano-Frankivsk, and Transcarpathian 
regions of Ukraine and in the municipality of Khulo 
(Adjara, Georgia). In particular, in the Chernivtsi re-
gion, during the growing seasons of 2021–2023, tem-
perature conditions and precipitation had slight devia-
tions from the norm. In 2021, temperature in May 
was 0.9 °C below normal, which could have reduced 
possibility of infection of sprouts with zoospores. In 
general, however, in 2021–2023, the weather con- 
ditions in the Chernivtsi region did not have any cri- 
tical impact on the development of potatoes or patho-
gen. The optimal conditions for infecting the po-
tato with wart pathogen were in June 2021. In the 
Carpathian region of Ukraine (Ivano-Frankivsk and 
Transcarpathian regions) in 2021–2023 temperature 
deviations and the distribution of precipitation im-
pacted the development of potato and the pathogen, 
but not considerably. Although there was a deficit 
of precipitation in April–May 2022, it did not create 
irreversible consequences due to a sufficient amount 
of precipitation in June–July in the other years.

In the Khulo municipality (Adjara, Georgia) in 
2021–2023 temperature deviations from the norm 
were insignificant, whereas the distribution of the 
precipitation varied considerably in these years, im-
pacting the accessibility of moisture for plants. The 
temperature in March was close to the norm with 
minimal deviations: +0.4 °С in 2021, –0.1 °С in 2022 
and in correspondence with the norm in 2023. The 
precipitation was considerably below the norm in 
all three years: 52.4 % in 2021, 73.8 % in 2022, and 
only 36.5 % in 2023, which created a moisture deficit 
in the soil for the initial growth of the potatoes. The 
temperature in May had negative deviations in all 
three years: –0.4 °С in 2021, –0.5 °С in 2022, and 
–1.0 °С in 2023. In all in 2021–2023, the weather 
conditions in the Khulo municipality had insignificant 
temperature deviations, which did not create critical 
hindrances for potato development. However, a con-

siderable deficit of precipitation, especially in March–
June 2021 and 2022, could have a negative effect on 
the moisture provision for plants, creating stressful 
conditions for their vegetation. In 2023, the amount 
of precipitation was higher, which ensured better 
conditions for growth. Since the vegetation period of 
potato development in Georgia lasts only from March 
to July, optimal weather conditions for the infecting 
of mid-ripe potato varieties by wart pathogens were 
observed in April. In 2023, the air temperature was 
within 12.3–13.0 °С, and the amount of precipitation 
was 88 mm (79.3 %), which was favourable for the 
infecting of potatoes with the pathogen and for the 
disease development.

In Ukraine, in the wart foci of the Carpathian re-
gion, the vegetation period of potato development 
lasts from April to August, and the optimal conditions 
for infecting the potato with the pathogen were in 
May-June. The air temperature varied within 13.3–
19.1 °С, and the precipitation amount in June was on 
average 95 mm (102 %).

In conclusion: Although the weather conditions in 
the mountainous areas of Ukraine and Georgia are 
different, rapid fluctuations in daily temperatures  
(day — 19.1 °С, night — 4.3 °С) and high air humi
dity in the mountainous areas were generally favour-
able for the development of wart pathogen during 
the study period.

Results
1. � First year laboratory testing (inoculation of 

potato tuber sprouts with winter zoospores of 
zoosporangia of pathotype 1 (D1).

In the preliminary test for resistance to the com-
mon pathotype 1(D1) of the potato wart pathogens, 
223 samples of IPR NAAS out of 225 (99.1 %) were 
found to be resistant, while 726 samples of PED out 
of 746 (97.3 %) were found to be resistant (Table 1). 
Resistance was at the level of score 1 and 2 (R1) as 
indicated and explained in the next paragraph. The 

Table 1. � Results of first year of laboratory testing of Ukrainian breeding material in 2021–2023 using inoculation  
of sprouts with winter zoospores of pathotype 1(D1)

Breeding institute Number  
of samples

Resistant Number  
of samples and ( %)

Susceptible Number  
of samples and ( %)

Institute of Potato Research, the NAAS (IPR NAAS) 225 223 (99.1 %) 2 (0.9 %)
Polissia Experimental Department, the IPR NAAS (PED) 746 726 (97.3 %) 20 (2.7 %)

Total number of samples 971 949 (97.7 %) 22 (2.3 %)
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weakly resistant and non-resistant material was rejected 
for further breeding, the resistant material continued  
to be evaluated for degree of resistance, see below.

2. � Second year laboratory testing (inoculation of 
potato tuber sprouts with summer zoospores 
from fresh warts, with pathotype 1(D1).

Results of the second year of laboratory testing, 
using inoculation with summer zoospores from fresh 
warts, are represented in Table 2. Some 63 out of 80 
IPR NAAS bred potato samples (78.8 %) with the 
highest resistance degree (R1, extremely-resistant) 
were identified; 14 (17.5 %) with a high resistance 
degree (R1, resistant); 2 (2.5 %) with a poor resistance 
degree (R2, weakly resistant). Some 162 (71.7 %) 
out of 225 PED bred potato samples with the highest  
resistance degree (R1, extremely-resistant) were iden-

tified; 49 (21.7 %) — with a high resistance degree 
(R1, resistant); 10 (4.4 %) with a poor resistance de-
gree (R2, weakly resistant).

The overall testing resulted in finding 225 out of 
306 (73.5 %) samples of breeding material with the 
highest resistance degree (R1, extremely-resistant); 
63 (20.6 %), with a high resistance (R1, resistant); and 
12 (3.9 %) with poor resistance (R2, weakly resistant). 
Six (1.9 %) potato samples were identified as suscep-
tible (and no one as very susceptible), and rejected 
from further research. The test results were passed on 
to breeders to 1) be evaluated for economic valuable 
traits and 2) to breed from this material varieties, 
which can be included for further state evaluations 
for resistance to S. endobioticum in the field. It should 
be noted that, based on the results of this present 
work, only 23 potato samples (9 bred by the IPR 
NAAS and 14 bred by PED) were selected on the 
basis of the combination of sufficient valuable traits 
and passing the official state testing for resistance to 
S. endobioticum in 2021–2023. These resistant lines 
can be further developed into commercially available 
varieties (Zelya et al., 2023).

3. � Evaluation of resistance to six different patho-
types of  S. endobioticum of 17 Ukrainian potato 
varieties under field conditions (2021–2023).

3.1. Re-evaluation and validation of earlier deter-
mined resistance to the common pathotype 1(D1) of 
S. endobioticum. The field testing, conducted in foci 
of S. endobioticum in Ukraine, confirmed the validity 
of resistance to the common pathotype 1(D1) for all 
17 varieties tested (Fig. 2).

3.2 Evaluation of the resistance to five virulent 
pathotypes of S. endobioticum. Out of seventeen po-
tato varieties tested, fourteen (82.4 %) were identified 
as resistant to the virulent pathotype 11(М1), Mizh-
hirsky: Alians, Glazurna, Khortytsia, Podolianka, 

Table 2. � Results of the second year of laboratory tests of Ukrainian breeding material in 2021–2023, using inoculation 
of sprouts with summer zoospores of fresh warts, infected with pathotype 1(D1)

Breeding institute
Number 

of 
samples

R1 extremely 
resistant

R1  
resistant

R2 weakly 
resistant

S1 
susceptible 

S2 very 
susceptible

Number Number and ( %)

Institute of Potato Research, 
the NAAS (IPR NAAS) 80 63 (78.8) 14 (17.5) 2 (2.5) 1 (1.2) 0
Polissia Experimental 
Department, IPR NAAS (PED) 226 162 (71.7) 49 (21.7) 10 (4.4) 5 (2.2) 0

Total number of samples 306 225 (73.5) 63 (20.6) 12 (3.9) 6 (1.9) 0

Fig. 2. � Results of (re-)evaluation of 17 Ukrainian potato 
varieties for resistance to the common pathotype 
1(D1) and four virulent pathotypes occurring in 
Ukraine and one virulent pathotype occurring in 
Georgia under natural infection conditions in five 
foci in Ukraine and one focus in Georgia
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Rodynna, Shchedryk, Skarbnytsia, Slauta, Slovianka, 
Solokha, Strumok, Tyras, Vzirets and Zhytnytsia 
(Table 3). Varieties Aria, Charunka and Kniahynia 
were susceptible.

Thirteen potato varieties (76,5 %) were resistance to 
pathotype 13(R2), Rakhivsky: Alians, Aria, Glazurna, 
Khortytsia, Kniahynia, Rodynna, Shchedryk, Skarb-
nytsia, Slauta, Solokha, Strumok, Tyras and Vzirets. 
Varieties Charunka, Podolianka, Slovianka and Zhyt-
nytsia were susceptible. Eight varieties (47 %) were 
resistant to the virulent pathotype 18(Ya), Yasinivsky: 
Aria, Glazurna, Kniahynia, Rodynna, Skarbnytsia, 
Slauta, Vzirets and Zhytnytsia. Nine other varieties 
were found to be susceptible (see Table 3). Twelve 

potato varieties (70.6 %) were resistant to the virulent 
pathotype 22(B1), Bystretsky: Alians, Charunka, Gla-
zurna, Khortytsia, Kniahynia, Rodynna, Shchedryk, 
Solokha, Strumok, Tyras, Vzirets and Zhytnytsia. 
Five varieties namely Aria, Podolianka, Skarbnytsia, 
Slauta and Slovianka were susceptible. Only two 
varieties (11.8 %) out of 17 tested ones were resis-
tant to pathotype 38 (N1), Nevşehir: Kniahynia and 
Rodynna. The remaining 15 varieties (88.2 %) were 
susceptible. The susceptible control, variety Polisska 
Rozheva demonstrated 100 % infection with patho-
type 38(N1), which confirmed its high susceptibility 
to this virulent pathotype, which is not present in 
Ukraine yet as far as known (Table 3).

Table 3. � Response of 17 Ukrainian potato varieties exposed to the common pathotype 1(D1), four Ukrainian pathotypes 
and one Georgian pathotype of S. endobioticum

No. Variety
Year of entry 

into the National 
Register

Pathotype S. endobioticum 

1(D1)
(common)

11(M1)
(Mizhhirsky)

13(R2)
(Rakhivsky)

18(Ya)
(Yasinivsky)

22(B1)
(Bystretsky)

38(N1)
(Nevşehir)

1 Alians 2020 (R1) (R1) (R1) (S1) (R1) (S1)

2 Aria 2014 (R1) (S1) (R1) (R1) (S1) (S1)

3 Charunka 2010 (R1) (S1) (S1) (S1) (R1) (S1)

4 Glazurna 2020 (R1) (R1) (R1) (R1) (R1) (S1)

5 Khortytsia 2018 (R1) (R1) (R1) (S1) (R1) (S1)

6 Kniahynia 2018 (R1) (S1) (R1) (R1) (R1) (R1)

7 Podolianka 2006 (R1) (R2) (S1) (S1) (S1) (S1)

8 Rodynna 2020 (R1) (R1) (R1) (R1) (R1) (R1)

9 Shchedryk 2011 (R1) (R1) (R1) (S1) (R1)

10 Skarbnytsia 2006 (R1) (R1) (R1) (R1) (S1) (S1)

11 Slauta 2016 (R1) (R1) (R1) (R1) (S1) (S1)

12 Slovianka 1999 (R1) (R1) (S1) (S1) (S1) (S1)

13 Solokha 2016 (R1) (R1) (R1) (S1) (R1) (S1)

14 Strumok 2013 (R1) (R1) (R1) (S1) (R1) (S1)

15 Tyras 2004 (R1) (R1) (R1) (S1) (R1) (S1)

16 Vzirets 2014 (R1) (R1) (R1) (R1) (R1) (S1)

17 Zhytnytsia 2017 (R1) (R1) (S1) (R1) (R1) (S1)

Total resistant, no 17/0 14/3 13/4 8/9 12/5 2/15

Total resistant, % 100 82.4 76.5 47.1 70.6 11.8

Polisska Rozheva  
(susceptible control) (S2) (S2) (S2) (S2) (S2) (S2)
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Table 4. � General characteristics of 17 Ukrainian potato varieties and resistance to the 6 pathotypes of S. endobioticum 
tested in this study

Variety  
and number  

of pathotypes 
to which it 

has resistance
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te
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nd
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r 
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ct
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n

IP
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 N
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#

C
ol

ou
r fl

ow
er

s
P,

 R
, R
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 W

## Pathotype 
resistance

1, 11, 13, 18, 
22, 38 (also 
see Table 3) St

ar
ch
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te
nt

Y
ie

ld
, t

/h
a

R
ec

om
m

en
da

tio
n 

cu
lti

va
tio

n 
zo

ne
P,

 F
S,

 S
##

#

Alians 4 PED, 2020 02.49/146 / 
00.31./26 M T R C RV 1, 11, 13, 22 15.5 38 P, FS, S

Aria 3 IPR, 2014 Delikat/Tyras M T P C RV 1, 18 15.3 47 P, FS

Charunka 2 PED, 2014 H.95. 256-3/
Tyras E T Y C W 1, 22 12.5 42 P, FS, S

Glazurna 5 IPR, 2010 Horlytsia/
Dobrochyn E T P C RV 1, 11, 13, 18, 

22 15.3 47 P, S

Khortytsia 4 IPR, 2020 Umo 101117/
Santarka L T R P RV 1, 11, 13, 18 19 37 P, FS

Kniahynia 
(4+1) IPR, 2018 Slovianka/

Bellarossa M T P C R 1, 13, 18, 22, 
38 11.4 52 P, FS, S

Podolianka 
(2) IPR, 2006 Ausonia/ 

88.1439s6 M T W C W 1, 11 15 37 P, FS, S

Rodynna 
(5+1) IPR, 2020 Viryneya/

Mylovytsia M T R C R 1, 11, 13, 18, 
22, 38 13.4 48 P, FS, S

Shchedryk  
(4) IPR, 2006 85.2391s12/

Bahriana E T W C W 1, 11, 13, 22 15.4 60 P, FS, S

Skarbnytsia 
(4) IPR, 2006 77.583/16/ 

Liu E T W C W 1, 11, 13, 18 13 33 P, FS, S

Slauta  
(4) IPR, 2016 Slovianka/

Dina M T W W W 1, 11, 13, 18 13.4 38 P, FS, S

Slovianka  
(2) IPR, 1999 KE 78.5053/

Kondor M T V V RV 1, 11 13 50 P, FS, S

Solokha  
(4) IPR, 2016 Umo 101117/

Tyras L T V V RV 1, 11, 13, 22 19.2 44 P, FS

Strumok  
(4) IPR, 2013 92.306/3/

Tyras M T P W P 1, 11, 13, 22 15.4 46 P, FS, S

Tyras  
(4) PED, 2004 88.95-5/ 

88.12-17 E T P W P 1, 11, 13, 22 14.4 42 P, FS

Vzirets  
(5) PED, 2017 Kuroda/

Santarka E T W W W 1, 11, 13, 18, 
22 17 49 P, FS, S

Zhytnytsia 
(4) IPR, 2018 Zdabytok/

Santarka E T P C R 1, 11, 18, 22 15 52 P, FS, S

IPR = Institute of Potato Research; PED = Polissia Experimental Department; * E = early, M = medium, L = late; ** T = trade,  
I = industry, S = starch; *** P = pink, R = red, W = white, Y = yellow; # C = cream, P = pink, V = violet, W = white; ## P = pink, 
R = red, RV = red-violet, W = white; ### P = Polyssia, FS = forest steppe, S = steppe.
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Only one variety, Rodynna, was found to be re-
sistant to all five virulent pathotypes of potato wart 
pathogen. Three varieties (Glazurna, Kniahynia, Vzi- 
rets) were resistant to four virulent pathotypes (where 
Kniahynia apart from Rodynna was the only one to 
have resistance against 38(N1). Nine varieties (Alians, 
Khortytsia, Shchedryk, Skarbnytsia, Slauta, Solokha, 
Strumok, Tyras, and Zhytnytsia) were resistant to 
three virulent pathotypes. Only one variety, Aria, 
was resistant to two virulent pathotypes and three 
varieties (Charunka, Podolianka, Slovianka) were 
resistant to only one virulent pathotype. For the exact  
pathotypes to which each of the 17 varieties is resis-
tant, see Tables 3 and 4.

In the variety validation tests using all six patho-
types, infection of the susceptible control, the fully 
susceptible variety Polisska Rozheva, was 100 %, 
accompanied by the presence of zoosporangia on the 
tip of the sprouts, observed under a microscope with 
150-fold magnification (Fig. 3 and 4).

Discussion
Some 97.7 % of the breeding material tested this 

time showed resistance to S. endobioticum common 
pathotype 1 (D1) in the first year of testing. These 
data indicate and reconfirm the high efficiency of the 
breeding program of the Institute of Potato Research, 
the NAAS (IPR NAAS), and its Polissia Experimen-
tal Department (PED) (Zeleya et al., 2022, 2024). 
In the second year of laboratory tests, 73.5 % of the 

306 samples tested showed extreme-resistance (R1), 
20.6 % showed a high degree of resistance (R1), 3.9 % 
showed poor resistance (R2), and only 1.9 % of the 
samples were susceptible (S1). The differences in 
results between IPR NAAS and the PED show the in-
fluence of the genetic specificity of the breeding lines 
used in the crosses by both institutions. During the 
years 2021–2023, the following lines were used for 
the crossing: F09.209-3/P14.3/12, Svitana/Mezhyrich-
ka, Vyhoda/Svitana, Radomysl/Svitana, Vzirets/Svi-
tana, P10.10/35/Svitana, 81.13.9/1/Svitana, P12.14-8/
Partner, Zvizdal/P10.109/35, Mezhyrichka/Sontsedar, 
Levada/Rostavytsia, Svitana/Rostavytsia, Nahoroda/
Rostavytsia, VM12.24-15/Vyhoda, Floatka/Rostavy
tsia, Mezhyrichka/Dorohyn, Agave/Aria, 08.102/4/
Miranda, Ivankivska rannia/Alians, Vektar/Radomysl, 
Charunka/Alians, Tyras/ 9.715s88 and 100 % potato 
progeny, resistant to pathotype (1D1), were obtained 
(this study and Zelya et al., 2020, 2023).

The validation of the resistance trait for 17 Ukrai-
nian varieties under field conditions confirmed the 
results of laboratory tests and allowed evaluation 
of not only resistance to the common pathotype, 
but also to the virulent pathotypes 11(M1), 13(R2), 
18(Ya), 22(B1) and 38(N1). Only one variety, Ro-
dynna, was resistant to all five virulent pathotypes 
of potato wart pathogen. Three varieties (Glazurna, 
Kniahynia, Vzirets) are resistant to four virulent 
pathotypes. The most virulent pathotypes were 18(Ya) 

Fig. 3. � The susceptible control, potato variety Polisska ro-
zheva, affected by zoospores of the wart pathogen 
Synchytrium endobioticum pathotype 1(D1)

Fig. 4. � The tip of a sprout of the susceptible control, va-
riety Polisska Rozheva, affected by summer zoo-
spores of the wart pathogen Synchytrium endobio
ticum pathotype 1(D1) (150× magnification)
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and 38(N1), to which the least number of varieties 
showed resistance.

The virulent pathotype 38(N1) is known to occur 
in Turkey, Georgia and Bulgaria, but not in Ukraine 
(Çakır et al., 2009; Ghoghoberidze et al., 2020; van 
de Vossenberg, 2022). Its absence in Ukraine should 
be further confirmed by additional surveys. According  
to the research results, only two out of 17 tested po
tato varieties of Ukrainian breeding showed a resis-
tance reaction to this pathotype, namely Kniahynia 
and Rodynna. These potato varieties were bred at 
the Institute of Potato Research of the NAAS and, 
after repeated testing, are recommended for introduc-
tion in the foci of pathotype 38 (N1), in Georgia and 
possibly in other infested countries such as Bulgaria 
and Turkey.

Our results confirm again the relative easiness 
to obtain sources of resistance against the common 
pathotype 1(D1), its resistance based on the gene 
Sen1, which is present on chromosome XI, near DNA 
marker N125 and has been widely used in breed-
ing (Gebhardt et al., 2006; Prodhomme et al. 2020). 
This marker can be used to facilitate identification 
of further resistant sources against common patho-
type 1(D1) in Ukrainian breeding material and the 
responsible institutes are considering to introduce the 
molecular method for its detection in their respective 
breeding programs. Unfortunately this marker assisted 
selection is not yet available for virulent pathotypes 
of S. endobioticum, because the basis of resistance 
against them appears to be polygenic, although further 
Sen genes (Sen2 to Sen5) have been described, which 
potentially can be used to breed for resistance to a 
broader range of (virulent) pathotypes, including 2, 
6 and 18. Sen3 has been found to confer resistance 
in many German and Polish varieties (Ballvora et al.,  
2011; Obidiegwu et al., 2015; Przetakiewicz & Plich, 
2017; Bartkiewicz et al. 2018; Prodhomme et al. 2019, 
2020). When additional diagnostic markers would be 
described, the spectrum of diagnostic varieties as 
used by EPPO (containing all the S genes) and in 
Ukraine could be further widened and standardized 
and the basis of resistance of the varieties presently 
used in the panels further enlightened (EPPO, 2004; 
2017a, b and 2020; van de Vossenberg et al., 2022). 
Bonants et al. (2015) developed a Taqman real-time 
PCR where pathotype 1(D1) can be distinguished 
from at least pathotypes 2(G1), 6(O1) and 18(T1).  
Busse et al. (2017) developed a further molecular 
method using a sequence-characterized amplified 

region (SCAR) marker and five simple sequence re-
peat (SSR) markers, useful in the detection of certain 
pathotypes, viz. (1(D1), 2(G1), 6(O1) and 18 (T1), 
which could also be of use in the breeding activities 
of the institutes in Ukraine and Georgia.

Conclusions
During the first year of laboratory testing in 

2021, 971 samples of Ukrainian breeding material 
were tested to determine its resistance to the com-
mon pathotype 1(D1) of the potato wart pathogen  
S. endobioticum, using the method of infecting with 
winter zoospores. Of these, 949 samples (97.7 %) 
were found to be resistant.

In laboratory tests of the second year (inocula-
tion with summer zoospores), 300 (98 %) of the 306 
samples tested showed resistance to pathotype 1(D1), 
which demonstrated high stability of the resistance 
trait using the two different evaluation methods.

Seventeen Ukrainian potato varieties were re-eva
luated under field conditions, and all of them (100 %) 
confirmed their resistance to the common pathotype 
1(D1).

The 17 Ukrainian varieties were also (re-)evalu-
ated for resistance against 4 virulent pathotypes, oc-
curring in Ukraine (11(M1), Mizhhirsky; 13(R2), 
Rakhivsky; 18(Ya), Yasinivsky; 22(B1), Bystretsky) 
and one (38(N1), Nevşehir), reported till so far from 
Turkey, Bulgaria, Georgia and the Netherlands.

Resistance to pathotype 11(M1) was present in 
14 varieties (82.4 %): Alians, Glazurna, Khortytsia, 
Podolianka, Rodynna, Shchedryk, Skarbnytsia, Slau-
ta, Slovianka, Solokha, Strumok, Tyras, Vzirets and 
Zhytnytsia.

Resistance to pathotype 13(R2) was present in 13 
varieties (76.5 %): Alians, Aria, Glazurna, Khortytsia, 
Kniahynia, Rodynna, Shchedryk, Skarbnytsia, Slauta, 
Solokha, Strumok, Tyras and Vzirets.

Resistance to pathotype 18(Ya) was present in  
8 varieties (47 %): Aria, Glazurna, Kniahynia, Ro-
dynna, Skarbnytsia, Slauta, Vzirets and Zhytnytsia.

Resistance to pathotype 22(B1) was found in 
12 varieties (70.6 %): Alians, Charunka, Glazurna, 
Khortytsia, Kniahynia, Rodynna, Shchedryk, Solo- 
kha, Strumok, Tyras, Vzirets and Zhytnytsia.

The most virulent pathotype was found to be 
38(N1). Only two varieties (11.8 %), Kniahynia and 
Rodynna, were resistant to this pathotype, proving 
the need for enhanced detection and breeding work 
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to determine the distribution of this pathotype and to 
adequately control this pathotype once it is found.

The potato varieties that were resistant to the dif-
ferent pathotypes are recommended for further in-
troduction and use in the foci of these pathotypes in 
the Carpathian region of Ukraine.

The two Ukrainian potato varieties resistant to 
the virulent 38(N) pathotype, are recommended for 
cultivation in its foci in Georgia.

Scientific cooperation between Ukrainian and Geor-
gian Institutes will continue for 2025–2029 within  
the framework of the agreement signed 5 years ago 
and research on the screening of wart-resistant varie
ties of potatoes of Ukrainian and foreign selection 
will continue.

It is recommended that molecular methods such 
as marker assisted selection and microsatellite diag-
nostics are incorporated in Ukrainian and Georgian 
potato breeding activities and pathotype labelling 
will be matched with the European one.

Prospects of further studies. In the future, the 
research on the evaluation and selection of wart-
resistant potato breeding material is intended to con-
tinue. Breeders need to use parental forms resistant to 
the common 1(D1) pathotype and Ukrainian virulent 
pathotypes of the wart pathogen for further crossing. 
Use of molecular selection and identification methods 
can be introduced in the breeding and testing labo-
ratories. Last but not least it is highly desirable that 
virulent pathotypes found and labelled in Ukraine 
are compared with the standard European differential 
variety panel (EPPO, 2017b). It may well be that at 
least some of them are congruent with pathotypes la-
belled differently in the EU. This was e.g. established 
for an isolate/pathotype labelled as D25 in Denmark, 
that was identified as the German pathotype 8(F1) by 
Busse et al. (2017).

Financing. The study was conducted within the 
framework of research project: Search for donors 
of resistance to the wart pathotypes of Synchytrium 
endobioticum (Schilbersky) Percival (state registra-
tion number 0121U108605).

Conflict of interests: The authors declare the ab-
sence of any conflicts of interests.
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Мета. Оцінити новий селекційний матеріал картоплі 
на стійкість до звичайного патотипу 1(D1) та збудни-
ка рака картоплі Synchytrium endobioticum і перевіри- 
ти 17 сортів картоплі української селекції впродовж 
2021–2023рр. на валідність попередньо визначеної 
ознаки стійкості до звичайного патотипу 1(D1), а та-
кож оцінити стійкість до чотирьох інших вірулентних 
патотипів збудника раку, поширених в Україні, та од-
ного вірулентного патотипу, поширеного у Грузії, для 
використання у селекційному процесі в якості джерел 
стійкості до збудника раку картоплі та більш ефектив-
ного впровадження у вогнищах хвороби в цих країнах. 
Матеріали та методи. У даному дослідженні в перший 
рік лабораторного тестування було використано 971 зра-
зок селекційного матеріалу картоплі, а в другий рік —  
306 зразків. Селекційний матеріал походив з Інституту 
картоплярства НААН (ІК НААН) та його Поліської 
дослідної станції. Для польових досліджень було ви-
користано сімнадцять українських сортів картоплі (та-
блиця 3) з метою перевірки та підтвердження раніше 
встановленої стійкості до S. endobioticum звичайно-
го патотипу 1(D1) та вірулентних патотипів 11(M1), 
13(R2), 18(Ya), 22(B1), а також одного патотипу, ви-
явленого в Грузії — 38(N1). Стійкість до збудника раку 
картоплі оцінювали в лабораторних умовах за штуч-
ного інфекційного фону із використанням зимових і 

літніх зооспор для селекційного матеріалу, а також на 
природному інфекційному фоні в окремих осередках 
патогену в Україні та Грузії згідно зі стандартом EPPO 
PM 7/28(2) і національною методикою, гармонізованою 
з вимогами ЄС. Результати. Стійкість до зимових зоо
спор звичайного патотипу 1(D1) була встановлена у 
949 із 971 зразків (97,7 %) у перший рік тестування, а 
у другий рік за використання літніх зооспор — у 300 із 
306 зразків (98 %). Стійкість до вірулентного патотипу 
11(M1) виявлено у 14 сортів (82,4 %): Альянс, Глазурна, 
Хортиця, Подолянка, Родинна, Щедрик, Скарбниця, 
Слаута, Слов’янка, Солоха, Струмок, Тирас, Взірець та 
Житниця. Стійкість до вірулентного патотипу 13(R2) 
також була присутня у 13 сортів (76,5 %): Альянс, 
Арія, Глазурна, Хортиця, Княгиня, Родинна, Щедрик, 
Скарбниця, Слаута, Солоха, Струмок, Тирас та Взірець. 
Стійкість до вірулентного патотипу 18(Ya) виявлена  
у 8 сортів (47,1 %): Арія, Глазурна, Княгиня, Родинна, 
Скарбниця, Слаута, Взірець та Житниця. Стійкість до 
вірулентного патотипу 22(B1) зафіксовано у 12 сортів 
(70,6 %): Альянс, Чарунка, Глазурна, Хортиця, Княги-
ня, Родинна, Щедрик, Солоха, Струмок, Тирас, Взі-
рець та Житниця. Найбільш вірулентним патотипом 
виявився 38(N1), що підтвердило раніше непубліковані 
результати авторів. Лише два сорти (11,8 %), Княгиня 
та Родинна, виявилися стійкими до цього патотипу, що 
свідчить про необхідність посиленої діагностики та 
селекційної роботи для визначення поширення цього 
патотипу та ефективного контролю у випадку його 
виявлення. Сорт Поліська рожева, використаний як 
сприйнятливий контроль, був уражений усіма патоти-
пами, що підтверджує його високу сприйнятливість 
до збудника. Висновки. Під час оцінювання стійкості 
нового українського селекційного матеріалу до зви-
чайного патотипу 1(D1) збудника S. endobioticum було 
встановлено, що близько 98 % зразків є стійкими як до 
зимових, так і до літніх зооспор. Сорти картоплі, стійкі 
до одного або кількох патотипів, можуть бути рекомен-
довані для використання у вогнищах, де достеменно ві-
домо про наявність відповідного патотипу чи патотипів.  
У випадках, коли інформація про патотипи у вогнищах 
є неповною, слід віддавати перевагу сортам Глазурна 
(стійка до всіх п’яти патотипів, поширених в Україні, 
але чутлива до патотипу 38(N1), який наразі зафіксова-
ний лише в Туреччині, Болгарії та Грузії) або Родинна 
(стійка до всіх шести досліджених патотипів). Отримані 
дані щодо стійкості можуть бути використані в подаль-
ших селекційних програмах. Крім того, рекомендовано 
впровадити в українські та грузинські селекційні прог
рами молекулярні методи, зокрема селекцію з викорис-
танням маркерів та мікросателітну діагностику.

Ключові слова: картопля, рак картоплі, агресивність, 
вірулентність, польові випробування.


