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Aim. To evaluate potato breeding material for resistance to pathotypes of Synchytrium endobioticum (Schilbersky) 
Percival (1909) known to be present in Ukraine (pathotypes 1(D1), 11, 13, 18 and 22); to identify resistant registered 
and potential varieties for the usage in the national wart disease eradication programs and to recommend these se-
lected (potential and registered) potato varieties for the breeding program targeted on the development of multiple 
resistance against pathotypes of S. endobioticum present in Ukraine. Methods. Evaluation of the potato breeding 
material and registered potato varieties for the resistance against common pathotype 1 (D1) and four aggressive pa-
thotypes of S. endobioticum (pathotypes 11, 13, 18 and 22) in climatic chamber and greenhouse tests of Ukrainian 
Scienti� c Research Plant Quarantine Station of Institute of Plant Protection NAAS (Boyany, Ukraine) following 
the Spieckermann and Glynne-Lemmerzahl methods (EPPO Standard PM7/28(2)). Field trials on naturally infected 
soils were conducted according to standard methods adapted to national requirements in the area of Chernivtsi, 
Zakarpattia and Ivano-Frankivsk regions. Results. 3,736 samples of potato breeding material from six breeding 
institutions of Ukraine were tested for resistance against S. endobioticum during 2011–2017 in the western region 
of the country. Among all samples tested, 3,389 were identi� ed as resistant to the widely spread pathotype 1 in the 
preliminary climatic chamber and greenhouse tests, and 130 of them proved to be resistant under � eld conditions. 
Five out of 41 Ukrainian registered potato varieties (Bazys, Hlazurna, Solokha, Bozhedar and Santarka) were found 
to be resistant to all 5 pathotypes tested (1 (D1), 11, 13, 18 and 22). Conclusions. The 130 samples of potato breed-
ing material (which were found to be resistant against the common pathotype 1 of S. endobioticum in the laboratory, 
greenhouse as well as in the � eld trials) were recommended for the state variety registration and further usage in an 
eradication program to localize potato wart outbreaks of the western part of Ukraine. The screening tests revealed 
that the national breeding program targeted on resistance against S. endobioticum pathotype 11 was the most effec-
tive (49 % of samples tested proved to be resistant against this pathotype), whereas it was the least effective against 
pathotype 18, namely only 30 % of samples resistant. It was speculated that such a dissimilarity may be related to 
the differences in the genetic material used in the breeding process at various institutions, and which may be the 
subject of further analysis in order to improve the results of breeding programs. The already registered potato variet-
ies Bazys, Hlazurna, Solokha, Bozhedar and Santarka which were found to have a multiple resistance to common 
pathotype 1 and four local aggressive pathotypes of S. endobioticum (11, 13, 18 and 22) were recommended for 
use in the breeding process as sources of resistance and also for the eradication programs in the western region of 
Ukraine, where S. endobioticum is mostly distributed (2409 hectares or 98 %).
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INTRODUCTION
Potato is one of the most valuable and important agri-

cultural crops, and ranks fourth in the world after corn, 
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wheat and rice in total volume [1]. In 2017, the total 
volume of harvested potato in Ukraine was 22 million 
tons and its cultivated area ca. 1.3 million ha [2]. These 
latter � gures demonstrating the relevance of potato in  
national food security.

The potato plant is a host for a noxious obligate 
pathogen, namely the zoosporic chytrid fungus Syn-
chytrium endobioticum (Schilbersky) Percival 1909, 
causing the so-called potato wart disease, which is sub-
ject to quarantine regulations in many countries of the 
world [3–6]. According to the data of the European and 
Mediterranean Plant Protection Organization (EPPO), 
as of January 2018 S. endobioticum is commonly found 
in 34 countries, including the Falkland Islands (Great 
Britain) and the Faroe Islands (Denmark) [7].

The quarantine status of the agent is conditioned by 
its ability to decrease the yield of the infected plants, 
even up to 100 %, which is especially notable for po-
tato cultivation in small holdings [8]. This may be ex-
plained both by a high damaging ability of the agent 
but also by its abilities of adapting to unfavorable envi-
ronmental conditions, including the formation of new 
and more aggressive pathotypes [6] and the extremely 
long survival, more than 46 years, of its thick-walled 
resting spores (winter sporangia) in the soil [9].

Long-term observations of spreading and damag-
ing abilities of S. endobioticum in the territory of 
the European part of the continent demonstrated that 
most frequently the sources of aggressive pathotypes 
of the agent were manifested in the valleys of moun-
tainous regions, located at the height of more than 
400 m above sea level in the zone of continental cli-
mate, where in winter the ground freezes at least for 
several weeks, and the amount of precipitation within 
the vegetation period exceeds 600 mm [6]. It is also 
known that long-term cultivation of resistant variet-
ies of potato, especially in case of a one-crop system, 
precedes the appearance of aggressive pathotypes of 
S. endobioticum [6, 8].

The above-mentioned conditions for development 
of new pathotypes of S. endobioticum prevail unfortu-
nately in the mountainous areas of the western regions 
of Ukraine, where distribution of S. endobioticum has 
been registered since 1961. Whithin this part of the 
country � ve pathotypes have been observed till now: 
common pathotype 1(D1), and four aggressive ones, 
namely pathotype 11 (the village of Maydan, Mizh-
hirya district, Lviv region), 13 (the town of Rakhiv, 
Zakarpattia region), 18 (the village of Yasinia, Rakhiv 
district, Zakarpattia region) and 22 (Bystrets, Verk-

hovyna district, Ivano-Frankivsk region) [8, 10] on a 
total area of 2409 hectares, which constitutes 98% of 
S. endobioticum distribution area in Ukraine [11]. So 
far the breeding of potato wart-resistant varieties is the 
only economically viable and ef� cient means of con-
trolling this quarantine organism [12].

There are current data on global spreading of at 
least 39 pathotypes of S. endobioticum, although most 
breeding programs aim only at the most wide-spread 
ones namely pathotypes 1(D1), 2, 6 and 18 [10]. Only 
several potato varieties with multiple resistance exists 
to date, but they were not widely introduced [13–15]. 
Evidently, a valuable acquisition of new potato variet-
ies should be the combination of the feature of (multi-
ple) resistance to (local) pathotypes of S. endobioticum 
and high indices of economically viable characteristics.

The aims of the study were 1) to evaluate potato 
breeding material for resistance to pathotypes of Syn-
chytrium endobioticum (Schilbersky) Percival known 
to be present in Ukraine (pathotypes 1, 11, 13, 18 and 
22); 2) to select potential new varieties on the basis 
of the results and 3) to identify multiple resistance 
in registered varieties for their use in national wart 
disease eradication programs and in national breeding 
programs.

MATERIALS AND METHODS

In 2011–2017, 3,736 potato samples of potato breed-
ing material from six breeding institutions and 41 reg-
istered potato varieties from three breeding institutions 
in Ukraine were used in the study. 

The evaluation of the potato breeding material and 
registered potato varieties for resistance to common 
and aggressive pathotypes of S. endobioticum was con-
ducted under climatic chamber, greenhouse and � eld 
conditions using the following methods.  

The method of infecting potato tubers with winter 
zoospores which were in a dormant state. The con-
tamination of potato samples with zoospores from 
germinated winter zoosporangia of potato wart was 
conducted by the modi� ed method of Spieckermann 
and Kothoff (1924) [2, 13] under greenhouse condi-
tions. The soil samples, collected from infested � elds, 
were each mixed with perlite in 1 : 1 ratio to obtain 
an average level of 40–50 winter zoosporangia per 1 g 
of soil. The mixture was placed into plastic containers 
(30 × 40 cm), and the potato varieties under investi-
gation were planted therein. The experiment was per-
formed in three repeats; potato varieties Poliska rozhe-
va and Lorkh, susceptible to all presently known local 
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pathotypes of S. endobioticum, were used as a control. 
The containers were kept at 17–18 °�, and 70–80 % 
relative humidity (RH) in a 12/12 day/night regime; 
watered every three days, loosened once a week and 
the reaction of potato tubers present in the samples 
to infecting with potato wart was determined after 75 
days (Fig. 1). For this reason, the plants were dug out 
of containers and the warts on all tubers of each ex-
perimental sample and control varieties of potato were 
counted. The results were deemed reliable if the not 
less than 75 % of control variety plants showed disease 
symptoms.  

The method of infecting potato tuber sprouts with 
summer zoospores from freshly formed warts. The re-
sistance of plants to summer zoospores of the pathogen, 
obtained from freshly formed warts, was evaluated by 
the method of Glynne-Lemmerzahl [2, 10] adapted as 
following [13]: a paper ring was � xed around the sprout 
part of a potato tuber using a warmed-up mixture of 
paraf� ne and vaseline (1 : 1) for this purpose. Distilled 
water was poured into the ring with the addition of 
0.5 cc of the recent wart, containing summer zoospores 
of S. endobioticum (Fig. 2). The samples were incu-
bated in the climatic chamber at 11 °� without any 
illumination to stimulate the infection process. Paper 
rings were removed from potato tubers 24 h later and 
the incubation was continued in the climatic chamber 
at 17–18 °� for 20 days in the darkness. After this peri-
od, the response of potato samples to being infected 
with the pathogen was determined (Fig. 3). Potato 
sprouts were analyzed under a microscope BioLight 
300 (DELTA optical, Poland) to determine the degree 
of damage according to the following scale, adapted 
after [13, 16]:

1 point – necrotic tissue, rare sori (up to 5);
2 points – scattered sori (if exceeding 5); 
3 points – dense sori without the deformation of a
potato sprout;
4 points – dense sori with the deformation of a potato
sprout; 
5 points – deformation of a sprout, a wart.

The total score (M) of the potato variety damage was 
determined using the formula: 

� = [1a+2b+3c+4d+5e]/n, 

where a, b, c, d, e – number of tubers which received 
the relevant points for the damage; 1, 2, 3, 4, 5 – points 
for the damage; n – number of infected potato tubers of 
the experimental sample.

Fig. 1. Testing breeding material of potato under greenhouse 
conditions, using winter zoospores of Synch�trium endo-
bioticum 

Fig. 2. Infecting potato samples using summer zoospores 
of Synch�trium endobioticum 

Fig. 3. Symptoms of potato wart after arti� cial infection of 
potato variety Poliska rozheva with summer zoospores of 
Synch�trium endobioticum
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In case of determining the total score of the damage 
to be 1, 2 or 3, the experimental sample was consid-
ered to be resistant to S. endobioticum  (R – resistant); 
points 4 or 5 – susceptible (S – susceptible).

Studying the resistance of potato breeding material 
to potato wart under � eld conditions. The evaluation 
and screening of breeding potato material and regis-
tered Ukrainian potato varieties under � eld conditions 
were conducted in natural infected soil in the areas of 
pathogen spreading in the western region of Ukraine: 
to common pathotype 1 (D1) of S. endobioticum— in 
the village of Berehomet, Vyzhnytsia district, Cher-
nivtsi region; to aggressive pathotypes – in the village 
of Maydan, Mizhhirya district, Lviv region (pathotype 
11), in the town of Rakhiv (pathotype 13), in the village 
of Yasinia (pathotype 18), Rakhiv district, Zakarpattia 
region, and in the village of Bystrets (pathotype 22), 

Verkhovyna district, Ivano-Frankivsk region. The ex-
periment was performed in three repeats; potato variety 
Poliska rozheva, susceptible to all the local pathotypes 
of S. endobioticum, was used as a control. 

RESULTS AND DISCUSSION

Tests performed under climate chamber and green-
house conditions in the years 2011–2017, aimed at 
evaluating the resistance of 3,736 potato samples to 
S. endobioticum, determined 3,389 samples to be re-
sistant and 347 to be susceptible (Table 1, Fig. 4) to 
the pathogen (susceptible samples were excluded from 
further studies). Subsequently 130 resistant potential 
variety samples were admitted to the national � eld test 
program on the basis of resistance performance and 
their economically viable properties. 

Screening 130 selected potential varieties from the 
tested breeding potato material, resistant to potato 
wart, under � eld conditions in the national test pro-
gram. The resistance found under greenhouse and 
climatic chamber conditions of 130 potential potato 
varieties to common pathotype 1 of potato wart was 
con� rmed by the � eld tests in the national test program 
which were conducted from 2011 to 2017 (Table 2).

Only three out of the 130 potential varieties under 
investigation (all three bred by the Institute for Potato 
Research, NAAS) showed resistance to all the local 
aggressive pathotypes (samples 08.40.14, 208�.10 
and F.15).

The remaining investigated samples differed in their 
response to the aggressive pathotypes of the pathogen, 
in particular, 64 samples were noted for their resistance 
to aggressive pathotype 11 (Mizhhirya); 59 samples – 

Fig. 4. Symptoms of wart disease after arti� cial infection 
of potato variety Poliska rozheva with winter zoospores of 
Synch�trium endobioticum

Table 1. The results of the preliminary testing under greenhouse conditions of breeding potato material for resistance to com-
mon pathotype 1 of Synch�trium endobioticum (2011–2017)

Institution name
Number of potato samples

Total Resistant Susceptible

Institute for Potato Research, NAAS of Ukraine
Institute of Agriculture of the Carpathian Region, NAAS 
of Ukraine
Institute of Agriculture of Polissia, NAAS of Ukraine
Mountainous Scienti� c Division of the Institute of 
Agriculture of the Carpathian Region, NAAS of Ukraine
PJSC SPA "Chernihivelitkartoplia”
Polissia Experimental Department IP NAAS

Total

1546
205

274
110

633
968

3736

1368
191

262
89

589
890

3389

178
14

12
21

44
78

347
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to pathotypes 13 and 22 (Rakhiv and Bystrets respec-
tively); 39 samples – to pathotype 18 (Yasinia) (Table 
2; Fig. 5–6).

In general, most positive results were demonstrated 
by the breeding program, aimed at obtaining potato va-
rieties, resistant to aggressive pathotype 11 (49 % of 
investigated varieties demonstrated their resistance to 
this pathotype) and the most ef� cient – to pathotype 18 
(30 % of resistant investigated varieties). 

The results obtained were given to the institutions, 
wherefrom the breeding material had originated, with 
the indication of resistance characteristics to S. endobi-
oticum and recommendations of their registration and 
stimulation of their further introduction in the spread-
ing areas of S. endobioticum in Ukraine

Forty-one already registered Ukrainian potato vari-
eties, selected by their economically viable properties, 
were also additionally studied for their resistance to 
common and local aggressive pathotypes of S. endo-
bioticum, present in Ukraine. 

According to our studies, all investigated varieties 
were resistant to common pathotype 1 (Table 3), where-
as the control varieties Poliska rozheva and Lorkh were 
susceptible and showed clear disease symptoms.

24 varieties out of the 41 studied were also found to 
be resistant to aggressive pathotype 11 (Mizhhirya); 
13 – to pathotype 13 (Rakhiv); 9 – to pathotype 18 (Ya-
sinia) and 16 varieties to pathotype 22 (Bystrets).

Eight varieties (Oberih, Kimmeria, Chervona ruta, 
Fantasia, Poliske dzherelo, Vodohray, Obrii, Dobro-
chyn) were resistant to two aggressive pathotypes, six 
varieties were resistant to three aggressive pathotypes 

Table 2. The results of the state test of potato for resistance to local pathotypes of Synch�trium endobioticum (2011–2017) 

Institution name

Total 
number 

of 
samples

Number (percentage) of samples, resistant to a speci� c 
pathotype of Synch�trium endobioticum

1 (D1) 
(comm.)

11 
(Mizhhirya)

13 
(Rakhiv)

18 
(Yasinia)

22 
(Bystrets)

Institute for Potato Research, NAAS of Ukraine
Institute of Agriculture of the Carpathian Re-
gion, NAAS of Ukraine
Mountainous Scienti� c Division of the Insti-
tute of Agriculture of the Carpathian Region, 
NAAS of Ukraine
PJSC SPA Chernihivelitkartoplia
Polissia Experimental Department IP NAAS

Total

59
12

17

8
34

130

59 (100 %)
12 (100 %)

17 (100 %)

8 (100 %)
34 (100 %)

130 (100 %)

35 (59 %) 
3 (25 %)

6 (35 %)

4 (50 %)
17 (50 %)

64 (49 %)

23 (39 %)
2 (17 %)

3 (18 %)

3 (38 %)
27 (79 %)

59 (45%)

16 (27 %)
3 (25 %)

4 (24 %)

4 (50 %)
12 (35 %)

39 (30 %)

31 (53 %)
4 (33 %)

5 (29 %)

3 (38 %)
16 (47 %)

59 (45 %)

Fig. 5. Potato variety Poliska rozheva, infected by common 
pathotype 1 of Synch�trium endobioticum (under � eld con-
ditions, in the national test program) Berehomet, Vyzhnytsia 
district, Chernivtsi region)

Fig. 6. Potato breeding sample �08.86-11, infected by ag-
gressive pathotype 18 of Synch�trium endobioticum (Yasinia) 
(under � eld conditions, in the national test program – the 
village of Yasinia, Rakhiv district, Zakarpattia region)
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Table 3. The (degree of) response of existing, registered Ukrainian potato varieties, to infection with local pathotypes of 
S. endobioticum in the western region of Ukraine 

No. Variety name

Resistance/Susceptibility (the degree of response to infection)

Synch�trium endobioticum pathotypes

1 (D1) common 11 (Mizhhirya) 13 (Rakhiv) 18 (Yasinia) 22 (Bystrets)

Institute for Potato Research, NAAS of Ukraine

1.
2.
3.
4.
5.
6.
7.
8.
9.
10. 
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Bazys
Hlazurna
Solokha
Kalynivska
Vernisazh
Khortytsia
Oberih
Kimmeria
Chervona ruta
Fantasia
Poliske dzherelo
Vodohrai
Obrii
Levada
Slovianka
Yavir
Lileia
Melodiia
Serpanok
Skarbnytsia
Zelenyi Hai

R (1,0)*
R (1,4)
R (1,0)
R (1,6)
R (1,2)
R (1,4)
R (1,0)
R (1,2)
R (1,4)
R (1,2)
R (2,8)
R (2,8)
R (1,6)
R (1,6)
R (2,8)
R (2,0)
R (2,8)
R (2,0)
R (2,8)
R (2,0)
R (2,8)

R (1,6)
R (1,4)
R (1,4)
S (4,6)
R (1,6)
R (1,6)
R (1,2)
R (1,4)
R (1,2)
R (2,0)
S (4,6)
R (2,8)
R (1,4)
R (1,4)
R (2,8)
S (4,4)
S (4,8)
S (4,8)
S (4,6)
S (4,6)
S (4,8)

R (1,4)
R (1,4)
R (1,6)
R (2,0)
S (4,4)
R (1,2)
R (1,6)
R (1,4)
R (1,6)
S (4,6)
R (2,0)
S (4,6)
S (4,4)
S (4,4)
S (4,6)
S (4,8)
S (4,6)
S (4,6)
S (4,6)
S (4,8)
S (4,4)

R (2,0)
R (2,8)
R (2,0)
R (2,8)
R (1,4)
R (1,2)
S (4,6)
S (4,8)
S (4,8)
S (4,6)
S (4,0)
S (4,8)
S (4,8)
S (4,6)
S (4,8)
S (4,8)
S (4,6)
S (4,6) 
S (4,8)
S (4,6)
S (4,8)

R (2,0)
R (2,0)
R (2,8)
R (2,0)
R (2,8)
S (4,4)
S (4,2)
S (4,6)
S (4,4)
R (2,8)
R (2,0)
R (2,8)
R (2,0)
S (4,4)
S (4,6)
S (4,4)
S (4,8)
S (4,4)
S (4,4)
S (4,6)
S (4,6)

Institute of Agriculture of the Carpathian Region, NAAS of Ukraine

22.
23.
24.
25.
26.
27.
28.

Dyvo
Lehenda
Mukachivska
Oksamyt-99
Pikurovska
Uzhhorodska
Vira

R (1,8)
R (2,0)
R (2,8)
R (2,0)
R (2,8)
R (1,8)
R (2,8)

R (2,8)
R (2,0)
S (4,6)
S (4,8)
S (4,6)
S (4,8)
S (4,4)

R (2,8)
S (4,6)
S (4,6)
S (4,8)
S (4,6)
S (4,6)
S (4,6)

S (4,8)
S(4,6)
S (4,8)
S (4,6)
S (4,8)
S (4,8)
S (4,4)

R (2,0)
S (4,4)
S (4,6)
S (4,8)
S (4,6)
S (4,4)
S (4,6)

Polissia Experimental Department of the Institute for Potato Research, NAAS of Ukraine

29.
30.
31.
32.
33.
34.

Bozhedar
Santarka
Malynska bila
Partner
Dobrochyn
Poliska yuvileina

R (1,0)
R (1,8)
R (1,6)
R (1,8)
R (2,0)
R (2,8)

R (1,8)
R (1,6)
R (2,8)
R(2,0)
R (2,8)
R (2,8)

R (1,8)
R (2,8)
S (4,8)
R (3,0)
S (4,6)
S (4,8)

R (2,0)
R (2,8)
R (2,8)
S (4,6)
S (4,8)
S (4,8)

R (2,0)
R (2,0)
R (2,0)
R (2,8)
R (2,0)
S (4,6)
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(Kalynivska Vernisazh, Khortysia, Dyvo, Malynska 
bila, Partner) and � ve – to all four aggressive pathot-
ypes (Bazys, Hlazurna, and Solokha, Bozhedar and 
Santarka).

Multiple resistance to common and all four aggres-
sive pathotypes was noted for three potato varieties, 
bred by the Institute for Potato Research, NAAS (Ba-
zys, Hlazurna, and Solokha) and two – bred by the 
Polissia Experimental Department of the Institute for 
Potato Research, NAAS (Bozhedar and Santarka). 
These varieties are recommended for the breeding pro-
cess as resistance sources, t o be included in seed multi-
plication programs and to be introduced in the infested 
areas in the western region of Ukraine. 

CONCLUSIONS 
In 2011–2017, the preliminary climatic chamber 

and greenhouse tests showed 3,389 potato varieties 
to be resistant to the common pathotype 1 (D1) of 
the potato wart pathogen Synch�trium endobioticum. 
The national testing program under � eld conditions 
con� rmed the resistance of 130 potential potato va-
rieties, selected from the above mentioned resistant 
breeding material, to common pathotype 1 of S. en-
dobioticum: the list of these potential varieties was 
given to the institutions, wherefrom the breeding ma-
terial had originated, with the indication of resistance 
characteristics to S. endobioticum and recommenda-
tions of their registration and further introduction in 
the spreading areas of potato wart disease  in Ukraine. 
In 2011–2017 the national breeding program targeted 

on resistance against S. endobioticum was the most 
effective against pathotype 11 (49 % of samples tested 
resistant), whereas it was the least effective against 
pathotype 18 (30% resistant). It was speculated that 
such a dissimilarity may be related to the differences 
in the genetic material used in the breeding process 
at various institutions, and which may be the subject 
of further analysis in order to improve the results of 
breeding programs. Testing for resistance of potential 
varieties, selected from the breeding material to com-
mon pathotype 1 and local (aggressive) pathotypes 
of potato wart, demonstrated that 64 samples were 
resistant to pathotype 11 (Mizhhirya); 59 samp-les 
– resistant to pathotype 13 (Rakhiv); 39 – resistant 
to pathotype 18 (Yasinia), and 59 samples – resistant 
to pathotype 22 (Bystrets). These samples were rec-
ommended for use in breeding programs and to be 
registered and cultivated in the potato wart infested 
areas in the western region of Ukraine. Noteworthy 
are three existing, registered Ukrainian potato variet-
ies, bred by the Institute for Potato Research, NAAS 
(Bazys, Hlazurna and Solokha) and two varieties, 
bred by the Polissia Experimental Department of IP 
NAAS (Bozhedar and Santarka), which have multiple 
resistance both to common pathotype 1(D1) and the 
four local aggressive pathotypes (11, 13,18 and 22) 
of S. endobioticum. These varieties are recommended 
for the breeding process as resistance sources, to be 
included in seed multiplication programs and to be in-
troduced in the infested  areas in the western region 
of Ukraine.

No. Variety name

Resistance/Susceptibility (the degree of response to infection)

Synch�trium endobioticum pathotypes

1 (D1) common 11 (Mizhhirya) 13 (Rakhiv) 18 (Yasinia) 22 (Bystrets)

35.
36.
37.
38.
39.
40.
41.

Control
Control

Zaviia
Tyras
Zheran
Zvizdal
Dorohyn
Karlik
Teteriv

Poliska rozheva 
Lorkh

R (2,0)
R (2,8)
R (2,8)
R (2,0)
R (2,8)
R (2,8)
R (3,0)

S (4,8)
S (4,8)

S (4,6)
R (2,8)
R (2,8)
R (3,0)
S (4,6)
S (4,6)
S (5,0)

S (5,0)
S (5,0)

S (4,6)
S (4,8)
S (4,6)
S (4,6)
S (4,8)
S (4,6)
S (5,0)

S (5,0)
S (5,0)

S (4,8)
S (4,6)
S (4,8)
S (4,8)
S (4,6)
S (4,8)
S (5,0)

S (5,0)
S (5,0)

R (2,8)
S (4,6)
S (4,6)
S (4,8)
S (4,6)
S (4,6)
S (4,8)

S (4,8)
S (4,8)

End of Table 3

Note. “R” – resistant to S. endobioticum pathotypes; “S” – susceptible S. endobioticum pathotypes. * The degree of response 
to infection – the degree of resistance (between 1 and 3) or the degree of susceptibility (between 4 and 5).
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