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Aim. To determine the occurrence and persistence of Synchytrium endobioticum, resting spore contamination
in a small survey of (known infested) potato plots in Ukraine and Georgia; to compare the detection efficiency
for resting spores (winter sporangia) of S. endobioticum using an extraction method, routinely applied in
Ukraine, based on the use of sodium iodide (Nal) and an extraction method largely based on EPPO Standard
PM 7/28(2) (2017), using kaolin and calcium chloride (CaCl)) for extraction. Methods. The examination of
fields, aimed at detecting of S. endobioticum in 22 infested plots in Georgia, was conducted following the
standard European Plant Protection Organisation (EPPO) phytosanitary procedure PM 3/59(3) (2017), and in
Ukraine in 11 plots according to the Ukrainian Standard ‘Methodological recommendations on sampling during
quarantine inspection and evaluation’ (Omeluta V P et al, 1996). Resting spores were extracted using kaolin
and CaCl, (following largely EPPO Standard PM 7/28(2) 2017), and floatation in a solution of Nal (Zelya et al,
2005), respectively. The content of soil organic matter (SOM), collected in potato wart infested plots in Ukraine
and Georgia, was determined according to the ‘Method of laboratory determination of the content of organic
matter’, largely following the method of Tyurin to determine total soil organic carbon (Jankauskas B et al,
2006). The persistence or decline of potato wart in infested plots was evaluated, based on our own observations
and the data of the national phytosanitary services (https://dpss.gov.ua; http://agr.georgia.gov). The results of
the study were subjected to statistical analysis, using Statistica 5 software. Results. It was found that under a
low up to high level of organic matter in soil samples (2.0-2.7 and 3.1-3.9 %, respectively) and a moderate to
high level of inoculum in soil (3—15 up to 41-65 resting spores/g soil, respectively) there were no significant
differences in the efficiency of two extraction methods under consideration: the floatation in a solution of
Nal and the application of kaolin and CaCl,. However, at a low number of resting spores present in soil (1-2
resting spores/g soil), the efficiency of the method using Nal decreased statistically significant by 20-30 % as
opposed to the method using kaolin/CaCl,. A relatively high level of soil contamination with resting spores
was found in 11 investigated plots of 4 Ukrainian regions: 41-46 resting spores/g soil in the Ivano-Frankivsk
Region, 49 in the Lviv Region, 40-65 in the Zakarpattia and 52—65 Chernivtsi Regions. The majority of the 22
investigated Georgian plots showed a low inoculum level (1-7 resting spores/g soil) and only in one village their
level amounted to 15 resting spores/g soil (Uchguli village, Mestia municipality). Conclusions. The method
applying sodium iodide was found to be comparable to the method applying kaolin and CaCl, under conditions
of moderate to high inoculum levels (15-65 resting spores/g soil) but the latter method was more efficient
under conditions of high content of organic matter and very low inoculum level (<5resting spores/g soil). It is
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therefore advisable to implement the EPPO standard method that uses kaolin and CaCl, in the regional and national
testing laboratories in both countries. In Ukrainian potato wart infested plots, the inoculum level of resting spores
was found to be 4-20 times higher than in the soil samples originating from the Georgian infested plots, which
may have been caused by the difference in climatic and other geographic conditions and/or differences in soil
types and agricultural practice. On a national scale in the past 9 years (2011-2020) there has been a decrease by
72.2 % in the area infested by potato wart in Ukraine and by 9.8 % in the level of inoculum in these areas.
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INTRODUCTION

The gross yield of the potato production in Ukraine,
which is the fourth biggest in the world (20.9 million
tons in 2020, the State Statistics Service of Ukraine,
http://www.ukrstat.gov.ua/) and a considerable plant-
ed area (1.3 million ha, the State Statistics Service of
Ukraine, http://www.ukrstat.gov.ua/) demonstrate the
relevance of this crop for the agrarian production and
the economy of the country. Georgia has a potato pro-
duction of some 194.700 tons on 16.300 ha (FAOSTAT,
retrieved on 27-09-2021) and is in principle self-suffi-
cient (93 %, data 2020, http://www.geostat.ge).

Potato as a crop is a host for many pathogens, in-
cluding the intracellular obligate pathogen Synchy-
trium endobioticum Schlibersky Percival, causing po-
tato wart (Baayen R P et al, 2006). Potato wart causes
substantial economic losses worldwide. Losses in-
clude also loss of the target (export) market due to
quarantine status of the causal pathogen, long-term
quarantine restrictions (including prohibition of pota-
to growing for 10 to 20 years depending on test results
of the infested plots) not only in the infested areas but
also in so-called buffer zones, surrounding the infest-
ed areas (Przetakiewicz J 2015a, EPPO phytosanitary
procedure PM 3/59(3) 2017).

The nature and degree of harmfulness of the disease
depend on natural climatic conditions of the growing
area, the agro-machinery used, the resistance of the po-
tato variety, soil type and fertility, level of seed farm-
ing, rotation scheme, the system of prophylactic and
protective measures and other factors (Melnyk PO,
2003; Fiers M et al, 2012; EFSA, 2018). For instance,
there was a decrease down to 80-90 % of productivity
and quality of potatoes in Ukraine, in (especially) the
mountainous regions, where aggressive pathotypes of
the disease agent have been and are still widespread
(Melnyk PO, 2003; Zelya AG et al, 2017, 2020a). As of
2020, the total distribution area of S. endobioticum in
the country is 2,307.2 ha (0.17 % of the total cultivated
area) (https://dpss.gov.ua/).
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Potato wart is included in the list of quarantine dis-
eases in 53 countries worldwide (EPPO Global Data-
base, GB, 2021). At present, there have been 39 pa-
thotypes of S. endobioticum described (Przetakiewicz
J, 2015b; Przetakiewicz J, 2017; van de Vossenberg B
et al, 2018).

In Ukraine, potato wart was first detected in 1938, at
a household farm in Slavuta town, Khmelnytsk Region,
and in the following two years the infestation reached
a total of 407 ha (Melnyk PO, 2003). In the following
years, the area of infested soils expanded further. The
largest area of potato wart infestation and aggressive
pathotypes are found in the mountainous Carpathian
region of Ukraine. Factors that play a role in aggrava-
tion of the disease situation and development of new
pathotypes in this area over the years are: 1) favorable
natural climatic conditions of this region; 2) current
practice of cultivating potatoes in monoculture and/or
without proper rotation scheme; 3) long-term cultiva-
tion (in combination) of potato varieties with different
(low) resistance to potato wart (Zelya A et al, 2017;
Zelya A et al, 2018). Similar causes and tendencies
were observed in Poland (Przetakiewicz J, 2017), Tur-
key (Cakir E, Demirci F, 2017) and Sweden (Boberg J,
Bjorklund N, 2018).

To date, five pathotypes have been found to circulate
in Ukraine: a conventional (Dahlem) pathotype of po-
tato wart 1(D1), widespread in Chernivtsi Region and 4
aggressive pathotypes: 11(M1)—Mizhhirskyi, 13(R2) -
Rakhivskyi, 18(Ya) — Yasinivskyi, common for Zakar-
pattia Region, and 22(B1) — Bystretskyi, common for
Ivano-Frankivsk Region. Among these, the most ag-
gressive pathotype was found to be 18(Ya) — Yasiniv-
skyi pathotype (Zelya A H et al, 2017).

From 2011 to 2019, only 30.8 % potato varieties, re-
sistant to 18(Ya) — Yasinivskyi pathotype, were select-
ed out of the total new assortment of potatoes, obtained
from different scientific and breeding institutions of
Ukraine and tested for resistance to potato wart. Some
52.2 % of the varieties were found resistant to 11(M1) —
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Mizhhirskyi pathotype, 46.5 % — to 13(R2) Rakhivskyi
pathotype, and 71.1 % — to 22(B1) Bystretskyi pathot-
ype. Therefore, potato varieties with complex resis-
tance to the disease agent are recommended for culti-
vation to control potato wart agent in infested areas
with aggressive pathotypes (Zelya A H et al, 2020b).
Some 85 out of 191 potato varieties from the State reg-
ister of plant species of Ukrainian origin (https://sops.
gov.ua/reestr-sortiv-roslin), are resistant to the conven-
tional pathotype 1(D1). Only 9 of these potato variet-
ies are resistant to all pathotypes, viz. cvs Bazys, Hla-
zurna, Kniazha, Misteria, Rodynna, Santarka, Solokha,
Sontsedar and Khortytsia. Thus, these are the varieties
to be used for planting in all the infested areas in the
country (Zelya A H et al, 2018).

S. endobioticum was reported from Georgia for the
first time in 2014, but was already observed since 2009,
possibly 2006 (Gorgiladze L et al, 2014; Sikharulidze
ZV, 2019) By 2019 the potato wart spread to two mu-
nicipalities (23 villages) and is listed as an A2 pest by
the Ministry of Agriculture of Georgia (Ghoghoberidze
S etal, 2019). The isolates of S. endobioticum obtained
from the villages of Skvana, Uchkho, and Dzirkvadzee-
bi, Khulo municipality (Georgia) belonged to pathotype
38 (Nevsehir), widespread in Turkey (Ghoghoberidze
S et al, 2020). The level of inoculum (resting spores or
winter sporangia) in infested soils in Georgia was not
studied in detail till now.

Survey and monitoring studies, aimed at demarca-
tion of infested areas and defining the level of in-
oculum in the soil considerably depend on the suit-
ability, specificity, sensitivity, and reproducibility of
the chosen methods. At present, in Ukraine the most
frequently applied detection method for over 23 years
has been the method of extraction using solutions of
Nal (Zelya AG et al, 2005). Georgia introduced the
European method with EPPO Standard PM 7/28(2)
2017, according to which the extraction of resting
spores of S. endobioticum from soil samples is done
using a kaolin and CaCl,. The aims of our study were:
1) to determine the occurrence and persistence of
Synchytrium endobioticum resting spore contamina-
tion in a small survey of (known infested) potato plots
in Ukraine and Georgia 2) to compare the detection
efficiency for resting spores (winter sporangia) of S.
endobioticum using an extraction method, routinely
applied in Ukraine, based on the use of sodium io-
dide (Nal) and an extraction method largely based on
EPPO Standard PM 7/28(2) 2017, using kaolin and
calcium chloride (CI2) for extraction.
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MATERIALS AND METHODS

In Georgia 22 infested plots, found infested in a
survey in 2020 were sampled according to the EPPO
phytosanitary procedure PM 3/59(3), 2017. From each
0.1 ha, one mixed sample of 20 kg, consisting of 60
subsamples, taken via a zig-zag pattern, was obtained.
In the laboratory two subsamples, 100 g each from
each of the 20 kg mixed samples, were taken, of which
one was used for analysis for each of the two methods
to be tested. The geolocation of the samples was deter-
mined using GPS navigator eTrex Vista HCx (Garmin
(Europe) Ltd.).

Soil samples in the 11 Ukrainian infested plots were
collected according to the ‘Methodological recom-
mendations on sampling in the process of quarantine
inspection and evaluation” (Omeluta V P et al, 1996)
from plots, where potato varieties, susceptible to potato
wart (cvs Poliska rozheva, Lorkh, Teteriv), were culti-
vated. Soil samples of 750 g per plot (5 subsamples)
were collected in ‘X’ pattern sampling. The geoloca-
tion of the samples was determined using GPS naviga-
tor eTrex Vista HCx (Garmin (Europe) Ltd.)

In both countries, soil samples were collected from
infested plots, located in mountainous regions ¢. 500 m
above the sea level, which are characterized by regular
sharp fluctuations in day- and night-time temperatures
and a mean air humidity over 70 %. A total of 11 Ukrai-
nian and 22 Georgian plots were sampled.

To extract resting spores, largely following the EPPO
Standard PM 7/28 (2) c. 3.3. (2017), Georgian soil sam-
ples were air dried at room temperature and sieved via
washing with tap water through sieves of 75 um and
25 um. The weighed soil (100 g) was mixed in a labo-
ratory vortex mixer for 10 s in 20 % solution of kaolin
(ALO, 28i0, 2H,0) to precipitate organic matter, then
centrifuged at 3,000 rpm for 5 min at the centrifuge
LC-425 (BVG, Hungary) at room temperature. The
supernatant was discarded and the precipitate obtained
centrifuged in a 40 % solution of CaCl, with the spe-
cific weight of 1.4 at 3,000 rpm for 5 min to extract the
resting spores. The supernatant was filtered and rest-
ing spores present were counted under a light micro-
scope Bio Light 300 (DELTA optical, Poland) (120x)
and their viability was visually assessed. Viable resting
spores were grainy and had a triple wall structure with
greyish granular content. Non-viable resting spores
were not grainy, (partly) plasmolyzed or empty, their
wall was often not intact.

To extract resting spores according to the Ukraini-
an method (Zelya et al, 2005), soil samples were air
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dried at room temperature and sieved through sieves
of 0.75; 0.50; 0.25, and 0.03 mm. The remaining soil
fraction from the last sieve was placed into a 35 %
solution of Nal with the specific weight of 1.2 and
centrifuged for 3 min at the centrifuge LC-425 (BVG,
Hungary) at 3,000 rpm. Light admixtures floated on
the surface. The supernatant with admixtures was
poured out, the precipitate was again suspended in
a solution of Nal with a s.w. of 1.4 and centrifuged
again under the same conditions. Resting spores and
other small organic material floated on the surface.
Spores were counted under a light microscope Bio
Light 300 (DELTA optical, Poland) (120x) and their
viability was visually assessed.

The content of total soil organic matter (SOM) in the
studied soil samples from Ukraine and Georgia, was
determined according to the method of Tyurin, based
on oxidizing organic matter with a 0.4 N solution of po-
tassium bichromate in concentrated sulphuric acid till
the formation of the carbon dioxide, then the excess of
potassium bichromate was isolated by titration, using
a solution of ferrous ammonium sulfate (ammonium
iron*" sulfate hexahydrate), and the content of organic
carbon was determined using an alteration factor of
1.724 to convert the obtained values for total soil or-
ganic carbon (SOC), to total soil organic matter (SOM
(Jankauskas B et al, 20006).

Statistics of Tables 1 and 2 show means and their
standard deviations (x = SE). The reliability of differ-
ences between samplings was assessed by the disper-
sion analysis with further evaluation of the least signifi-
cant difference (LSD) using the Statistica 5 software
package.

RESULTS

Our studies detected the spreading of S. endobioti-
cum, in Berehomet town in Vyzhnytsia District, two vil-
lages in the Putyla District, Chernivtsi Region, where
the disease had previously been registered (Zelya A H
et al, 2012), and also a new plot, in Storozhynets town,
where potato wart was detected on the area of 0.2 ha
in 2019 (Zelya et al, 2020a).Using the two extraction
methods with Nal and kaolin/CaCl,, we determined a
high level of inoculum in these plots, which amounted
to 51-65 resting spores/g soil (Table 1).

In the inspected plots of the Zakarpattia Region, the
level of inoculum in soil was detected within the range
of 40-65 resting spores/ g of soil. The differences be-
tween the two methods are statistically and practically
totally insignificant. In the selected plots of the Ivano-
Frankivsk Region both methods detected 4146 rest-
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ing spores/g soil. Soil samples, collected from Turka
town, Lviv Region, contained 49 resting spores/g soil,
detected by both methods.

Thus, under a relatively low level of SOM (2.0—
—2.7 %, Table 1) and a relatively high level of inoculum
in soil (41-65 resting spores/g soil) there were no sig-
nificant differences in the efficiency of the two extrac-
tion methods.

Resting spores of S. endobioticum were extracted,
using the same two methods as for Ukrainian samples,
from 22 soil samples, collected during inspections,
from 22 Georgian infested plots. In all the Georgian
samples a smaller total amount of resting spores was
detected as compared to those from Ukrainian plots:
from 1 to 15 resting spores/g soil (Table 2) as opposed
to 41-65 resting spores/g soil in the 11 Ukrainian
samples.

As the content of organic matter in soil samples from
Georgia was somewhat higher than that in Ukrainian
samples (3.1-3.9 % against 2.0-2.7 % respectively, Ta-
bles 1 and 2), for the calculation of method efficiency
the kaolin/CaCl, as standard was taken (as opposed to
the calculation in Table 1, where it was vice versa).

The plot of Uchguli village, Mestia municipality,
with both the European and Ukrainian method showed
the highest infestation, up to 15 resting spores /g
soil. In villages Uchkho, Dzirkvadzeebi, Rakvta, and
Skvana, Khulo municipality, 4—7 resting spores/ g soil
were detected. Soil samples, collected from villages
of Vashlovani, Kotchalidzebi, Diakonidzeebi, Dani-
sparauli, and Tabakhmela, contained only 3 resting
spores/g soil. In soil samples, collected from villages
of Didajara, Mtisthina, Dekanashvilebi, Joidzeebi, Me-
keidzeebi, Thilvana of Khulo municipality and Latali
village of Mestia municipality, both methods detected
only 2 resting spores/g soil. In the samples collected
from villages of Vanadzeebi, Kurduli, Mintadzeebi,
Tsablana, and Purchukauli, Khulo municipality only a
single resting spore was detected by both methods.

For 6 out of 22 samples (27 %) with low numbers of
resting spores detected the Nal method was statistically
significantly less efficient (42—70 %), see Table 2.

DISCUSSION

Many methods to extract and detect resting spores of
S. endobioticum have been proposed and used over the
years (see Table 3, Obidiegwu JE et al, 2014, van Leeu-
wen GCM et al, 2005). Many chemical compounds in
these methods, such as dibromoethane, chloroform,
and especially carbon tetrachloride — are potent toxins
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and/or carcinogens, and should preferably be avoided

in routine detection.

The current EPPO standard PM 7/28(2) (2017) on S.
endobioticum diagnosis, one of the recommended
methods to extract potato wart resting spores is adapted

ZELYA et al.

from van Leeuwen GCM et al, 2005 and uses kaolin

and CaCl, with a specific weight of 1.4 (EPPO Stan-

dard PM 7/28(2), 2017 and Table 3). This method was
largely followed in our study and was compared with
a method using concentrated solutions of Nal (s.w. 1.2

Table 1. The efficiency of two methods, using Nal and kaolin/CaCl, respectively to detect potato wart resting spores and the
total soil organic matter in 11 Ukrainian infested plots

No. of
Name North latitude, | Meter rI\eI;)t.ir(l); rszsotf;f Method
0 .
of the infested plot lonNi/t]iiliS; E s::loevjel SOM, % spores. Nal kaolin/ efﬁc(:/e neys
gttude, (M £ m) CaCl, °
(M +£m)
Berehomet town 48°10'00"/ 460 2.34+0.03 | 58.3+0.06 | 56.1 +0.03 96.5
Vyzhnytsia district, 25°19'48"
Chernivtsi region
Toraky village 48°01'92"/ 595 24+0.03 | 542+0.05| 52.2+0.03 96.9
Putyla District 25°06'77"
Chernivtsi Region
Parkulyna village 47°99'18"/ 939 2.0£0.03 | 52.3+£0.03 | 51.24+0.06 98.0
Putyla district, 25°12'59"
Chernivtsi region
Storozhynets town 48°09'27"/ 353 2.0+£0.06 | 653=+0.08 | 65.0+0.03 99.8
Chernivtsi Region 25°42'57"
Maidan village 48°36'05"/ 495 2.1£0.03 | 41.2£0.06 | 40.2+0.05 97.3
Mizhhirya District 23°28'29"
Zakarpattia Region
Torun village 48°52'52"/ 662 2.04+0.07 | 43.1+0.05 | 43.0+0.06 99.7
Mizhhirya District 23°50'65"
Zakarpattia Region
Surupy village 48°00'42"/ 419 2.0£0.06 | 53.1£0.06 | 52.9+0.07 99.1
Rakhiv District 24°20'19"
Zakarpattia Region
Yasinia village 48°15'37"/ 699 22+0.03 | 65.1£0.07 | 63.3+0.06 96.9
Rakhiv District 24°21'32"
Zakarpattia Region
Iltsi village 48°06'47"/ 780 2.6+0.03 | 41.6+0.04 | 40.7+0.07 97.5
Verkhovyna district, 24°40'54"
Ivano-Frankivsk region
Bystrets village 48°07'26"/ 786 2.7+£0.06 | 46.3+0.08 | 45.1£0.05 98.6
Verkhovyna district, 24°41'22"
Ivano-Frankivsk region
Turka town 49°09'10"/ 574 20+£0.06 | 49.1+£0.3 | 49.0+0.04 99.9
Lviv Region 23°02'11"
LSD, 0.05 0.07 0.07

Note. SOM = soil organic matter
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Table 2. The efficiency of two methods, using kaolin/CaCl, and Nal, respectively to detect potato wart resting spores and the

content of the total soil organic matter in 22 Georgian infested plots

No. of
Name North latitude, | Meter . 2;i§; rseps(zféf Mejchod
of the infested plot lonI\in/Ef(liset E s::;);/eel SOM, % spores. Nal kaolin/ efﬁc;/cz neys
’ M +m) CaCl,
(M £ m)
Khulo municipality, Adjara

Didajara village 41°39'57"/ 800 33£0.03 | 1.7+£093 | 1.6+£0.12 94.1
42°20'47"

Mtisthina village 41°4027"/ 800 36+0.06 | 1.7£047 | 1.5£0.09 88.2
42°22'05"

Vanadzeebi village 41°42'02"/ 800 31+£0.03 | 1.3+£047 | 1.2+£0.12 92.2
42°23'06"

Vashlovani village, Alme 41°38'04"/ 800 34+£0.06 | 27+£046 | 2.5+0.06 92.6
42°18'02"

Dekanashvilebi village 41°39'04"/ 1000 36+003 | 1.7£047 | 1.6£0.09 94.1
42°1820"

Kurduli village 41°42'03"/ 1000 39+0.03 | 0.7+0.06 | 0.3+£0.12 42.8
42°22'43"

Joidzeebi village 41°4026"/ 1000 38+0.06 | 23+£027 | 2.0£0.06 86.9
42°1925"

Kotchalidzebi village 41°38'35"/ 1250 3.1£0.03 | 3.0+044 | 29+0.27 96.7
42°26'19"

Mekeidzeebi village 41°42'25"/ 1200 37+0.03 | 1.7+£047 | 1.2+0.07 70.6
42°23'37

Diakonidzeebi village 41°39'32"/ 800 38+0.06 | 33+£0.56 | 2.8+£0.09 84.8
42°20'11"

Mintadzeebi village 41°42'43"/ 1200 33+0.03 | 0.7+027 | 0.6+0.12 85.7
42°22'54"

Tsablana village 41°35'05"/ 1200 34+£0.06 | 0.7+0.17 | 0.6+0.12 85.5
42°20'49"

Purchukauli village 41°33'41"/ 1200 3.8£0.03 | 0.7+0.12 | 0.3+0.06 42.8
42°27'00"

Skvana village 41°32'58"/ 1291 39+0.06 | 7.0+£0.81 | 43+£0.06 61.4
42°29'09"

Rakvta village 41°34'11"/ 1200 32+£003 | 5.0+£043 | 4.8+0.06 96.0
42°28'58"

Danisparauli village 41°38'56"/ 1520 36+003 | 27+046 | 22+0.03 81.4
42°28'11"

Tabakhmela village 41°37'51"/ 1200 33+0.06 | 33+0.56 | 3.1+0.06 93.9
42°24'48"

Uchkho village 41°40'56"/ 1083 33+0.03 | 43+£041 | 42+£0.06 97.6
42°18'51"

Dzirkvadzeebi village 41°40's56"/ 1200 34+£0.03 | 43+£047 | 4.1+0.06 95.3
42°18'51"

Thilvana village 41°32'48"/ 1440 3.7+£0.03 | 1.7+£0.07 | 1.3+£0.03 76.4
42°31'20"
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End table 2
No. of
Name North latitude, | Meter E;ir?; rszsglr];‘;g Method
0 .
of the infested plot lonNi/E;s; E s::?e:]veel SOM, % spores. Nal kaolin/ efﬁc;/e ney,
gttude, (M + m) CaCl, °
(M +£m)
Mestia municipality
Uchguli village 42°55'00"/ 2200 36+0.06 | 14.7+1.06 | 143+0.23 97.3
43°00'00"
Latali village 43°00'18"/ 1340 39+0.03 | 1.7+£0.07 | 0.8+£0.03 47.1
42°38'51"
LSD, 0.06 0.08 0.06

Note. SOM = soil organic matter.

and 1.4). This method was developed and introduced
in the regional Ukrainian phytosanitary laboratories
(Zelya AH, 2005). When comparing these two meth-
ods in the present study (and experience in the past) it
was shown that the method using Nal did not work as
well for soils with high organic content as the one us-
ing kaolin/CaCl,, so may be infested areas may have
gone undetected. Therefore, it is proposed to use in fu-
ture the EPPO Standard method (EPPO Standard PM
7/28(2), 2017), using kaolin and CaCl, in the Ukrainian
and Georgian (regional) laboratories.

The results obtained in the present study further in-
dicate a possible tendency of a decrease in inoculum
density in soils of some infested plots in Ukraine. For
instance, in 2012 Zelya AH et al (2012) found an in-
oculum density in the Bukovyna plots to be within
the range of 42—74 resting spores/g soil, in 2020 it
was 40-65 resting spores/g soil. The current infested
area in area of Bukovyna is 0.63 ha which is 7.56 ha
(92.3 %) less than in 2012 when it was 8.19 ha (Zelya
AH et al, 2020a; https://dpss.gov.ua/)

Similarly in the regions of Ivano-Frankivsk, Lviv,
and Zakarpattia Regions inoculum density was 828
resting spores/g soil in Perechyn, Svaliava, and Ve-
lykyi Bereznyi Districts (Zelya A H et al, 2011) and
5676 resting spores in Mizhhirya and Rakhiv Dis-
tricts, respectively (Fig. 1). In 2020, the inoculum
level in these two latter districts decreased to 42—65
resting spores/ g soil (Zelya A H et al, 2020a). Some
potato wart plots could be descheduled from quaran-
tine measures because resting spores were not detect-
ed anymore for 10 years. For example, plots in the
Perechyn, Svaliava, and Velykyi Bereznyi Districts. In
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the Malynska bila, Kalynivska, Dyvo, Chervona ruta
areas and plots farmers were allowed again to grow
resistant potato varieties. The area under quarantine
measures for S. endobioticum in the Zakarpattia Re-
gion as a whole decreased by 34 % as compared with
2011 and amounted to 2,212.48 ha in 2020 (https://
dpss.gov.ua/). However further spread of potato wart
and its causal organism S. endobioticum still takes
place in Ukraine: for instance, in 2020 the specialists
of the State Service of Ukraine on Food Safety and
Consumer Protection in Lviv Region detected a new
infested area in Darnych village of Kamyanka-Buzka
District, of 77.5 ha.

Since the first detection of S. endobioticum in Ukraine
in 1938 until the 1990s, there was a slow expansion of
the infested areas due to considerable atmospheric pre-
cipitation and flooding, caused by the latter. Especially
rapid increase was noted in the 1990s, when S. endo-
bioticum was detected at its peak in 1996 in 1,674 vil-
lages from 19 Ukrainian regions, at 86,434 household
farms in 110 districts with the total area of over 12,134
ha (Melnyk PO, 2003). Starting with 2000, level of
infestation, however, has been clearly and constantly
decreasing due to severe quarantine measures and use
of resistant potato varieties. In 2011, the disease agent
was detected in 13 Ukrainian regions at the area of
8,307.2 ha (https://dpss.gov.ua/). In the recent decade,
the area of potato wart infestation has decreased again
by 72.2 % as compared with 2011 to 2,307.2 ha. When
compared to 1996, when Ukraine was on the peak
of the disease spreading, the area has decreased by
80.9 %. As of January 01, 2021, the disease was present
in 4 regions, 21 districts, 205 villages, 7,796 household
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farms, in the total area of 2,307.2 ha (Fig. 2) (https://
dpss.gov.ua/).

At the beginning of the 21* century, the quaran-
tine disease potato wart has been actively controlled
throughout Ukraine. The cultivation of resistant potato
varieties, allowed complete elimination of the sources
of infection at the collective farms of Vinnytsia, Zakar-
pattia, Ivano-Frankivsk, Lviv, and Chernivtsi Regions.
The soil was disinfected according to the recommen-
dations of the scientists of the Ukrainian Scientific
Research Plant Quarantine Station (USRPQS), IPP
NAAS, and the specialists of regional plant quaran-
tine inspectorates using carbamide, 1.5 kg/m?, and/or a
mixture of carbamide, 0.075 kg/m? and copper sulfate,
0.025 kg/m?* (Zelya A H et al, 2012). The resistant po-

tato varieties used in the eradication campaign till so
far were Bozhedar, Luhovska Skarbnytsia , Slovianka,
and Vodobhrai.

Descheduling took place on plots were both the
common pathotype 1(D1) and aggressive pathot-
ypes occurred. Detection and control of potato wart
is performed according to the methodological recom-
mendations, elaborated by the scientists of USRPQS,
IPP NAAS, and the specialists of the State Service of
Ukraine on Food Safety and Consumer Protection (Ze-
lya A H et al, 2006). Prior to 1988, the common 1(D1)
and 7 aggressive pathotypes of potato wart were identi-
fied. In 2003, Melnyk PO (2003) reported finding one
common and only four aggressive pathotypes. This sit-
uation remains up till today (Zelya A G et al, 2020b). In

Table 3. Extraction and detection methods for Synchytrium endobioticum resting spores in soil”

Method

Citation

Separation of sporangia from soil particles based on different specific

gravity in chloroform
Extraction with carbon tetrachloride

Wet sieving using electromagnetic shaker aided by chloroform floatation

Soil extraction with the non-ionic detergent Triton X100

Substitution of chloroform by dibromomethane Nelson & Olsen also

used oil, and fluoric acid for sand removal

Extraction in water and sedimentation using sodium sulphate

Extraction with a mixture of carbon tetrachloride and ether
Extraction with 25 % of hydrofluoric acid
Extraction with carbon tetrachloride

Extraction with 6M sodium chloride, staining 10~ g/ml ethidium
bromide or ANS (1-anilino-naphthalene-8-sulfonate) 10~ g/ml
Extraction with 70 % solution of sucrose and fluorescent acridine

orange dye for viability check

Extraction with 40 % potassium iodide from air dried soil after sieving,

with vacuum filtration of the supernatant 2

Density gradients with potassium/sodium salt on air dried soil after

sieving
Extraction with calcium chloride and zinc sulphate
Zonal centrifugation

Polymerase chain reaction (PCR) using species-specific primers

Microarray-based hybridization

Three options: Sieving method A, using chloroform (Pratt, 1976).
Sieving method B (adapted from van Leeuwen, et al., 2005), using
kaolin and CaCl, and Zonal centrifuge technique (Wander et al., 2007),

apart from bioassay

Glynne (1926), Pratt (1976), Hampson and
Thompson (1977), Hampson and Robertson (1995)
Sharikov (1954)

Hampson and Coombes (1996)

Laidlaw (1985)

Nelson and Olsen (1964); Vladimirskaja (1982)

Marcus (1969), Mygind (1954; 1961)
Golik (1973)

Potocek (1977)

Fedotova (1982)

Yakovleva (1985)

Surnakova (1992)
Putnam and Sindermann (1994)
Zeyla and Melnik (1998)

van Leeuwen et al. (2005)

Wander et al. (2007)

Niepold and Stachewicz (2004), van den Boogert et
al. (2005), van Gent-Pelzer et al. (2010)

Abdullahi et al. (2005)

EPPO Standard PM 7/28(2) (2017)

Note. Y Adapted and extended from Obidiegwu et al, 2014. ? NB: for their method they cite Hampson, M.C. and P.R. Thomp-
son. 1977. A quantitative method to examine large numbers of soil samples for Synchytrium endobioticum, the cause of potato
wart disease. Plant and Soil 46:659-664. Remarkably the latter authors did not use KI but chloroform for extraction.
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Fig. 1. Tendency of decrease in number of resting spores
(per gram of soil) of S. endobioticum in infested plots over
the years 2011-2020: 1 — the content of potato wart resting
spores in Chernivtsi Region; 2 — the content of potato wart
resting spores in Ivano-Frankivsk Region; 3 — the content
of potato wart resting spores in Zakarpattia Region; 4 — the
content of potato wart resting spores in Lviv Region
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Fig. 2. The dynamics of potato wart distribution in Ukraine
(1938-2020) (based on former USSR and Ukrainian NPPO

historical survey data)

2011 2020

recent years, there has been successful elimination of
potato wart in some areas of Zakarpattia region due to
imposing quarantine measures: in villages of Mizh-
hirya, Verkhnii Bystryi, Soimy, where aggressive
pathotype 11(M1) — Mizhhirskyi was widespread; in
villages of Dilove, Kostylivka, where it was aggres-
sive pathotype 13(R2) — Rakhivskyi; in villages of
Kvasy, Lazeshchyna and Chorna Tysa, where it was
aggressive pathotype 18(Ya) — Yasinivskyi (Zelya
AG et al, 2020b).

In Ivano-Frankivsk Region, where prior to 1988
there had been three aggressive pathotypes of the dis-
ease agent: 20(Sh) — Sheshorskyi, 21(S) — Sokolivskyi
and 22(B) — Bystrytskyi aggressive pathotype, there
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has been successful elimination of the plots, where ag-
gressive pathotypes 20Sh and 21S were widespread
and as per 2020, only the 22(B) — Bystrytskyi aggres-
sive pathotype was identified. The total area of fields,
infected with the disease in Ivano-Frankivsk Region,
was 16.45 ha in 2020 (Zelya AH et al, 2020a; https://
dpss.gov.ua/).

The determination of inoculum level in the 11 plots
in Georgia was performed for the first time after the
first reporting of potato wart in 2014 (Gorgiladze L et
al, 2014).

In 2020, potato wart infested plots were found in the
villages of Uchkho, Dzirkvadzeebi, Rakvta, and Skvana
of Khulo municipality (Ghoghoberidze S, 2020). The
pathotype of S. endobioticum involved, was identified
as 38(N) — Nevsehir pathotype, widespread in Turkey
Cakir E, Demirci F (2017). Turkey borders only 8 km
from the closest Georgian plot. It may be possible that
S. endobioticum has been introduced into Georgia via
the purchase of infected (seed) potatoes from Turkey.

In Georgian potato wart plots, the inoculum level of
the resting spores was found to be 4-20 times lower
than in the Ukrainian plots, which may be caused by
differences in climate, and other geographic condi-
tions and/or differences in soil types and agricultural
practice.

As an outcome of this limited survey and compari-
son of two extraction methods we plan to do a more
extensive survey, using the EPPO method and to do a
full harmonization experiment to identify the Ukraini-
an and Georgian pathotypes based on the international
(European) potato variety test assortment. Furthermore,
we will investigate the possibility of the application of
molecular methods for detection (EPPO PM 7/28(2),
2017; Tsvetkova YV and Yakovleva VA, 2021).

CONCLUSIONS

Joint studies between Ukraine and Georgia, con-
ducted in 2018-2020, to determine the inoculum level
and persistence of Synchytrium endobioticum rest-
ing spores in plots and soils in Ukraine and Georgia,
demonstrated different levels of inoculum with resting
spores of S. endobioticum in these countries (40—65
resting spores/g soil to 1-15 resting spores/g soil, re-
spectively).

The inspection of potato wart plots in Chernivtsi,
Ivano-Frankivsk, Zakarpattia, and Lviv Regions of
Ukraine in 2018-2020 demonstrated a high level of
disease progression at the farms, where susceptible
potato varieties were cultivated. The inoculum within
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the inspected infested plots was 40—65 resting spores/g
soil, which was less than in 2011. As for the general
national scale, in recent 9 years (2011-2020) there has
been a decrease by 72.2 % in the distribution area of
S. endobioticum in Ukraine and by 9.8 % — in the level
of inoculum in the infested plots.

In the majority of the inspected Georgian plots the
inoculum level was low (1-7 resting spores/g soil and
only in one village (Uchguli, Mestia municipality) their
level amounted to 15 resting spores/g soil.

The method of applying sodium iodide was found to
be comparable to the method of applying kaolin and
CaCl, under conditions of moderate to high inoculum
levels (15—65 resting spores per g soil) but the latter
method was more efficient under conditions of high
content of organic matter and very low inoculum level
(<5 resting spores/g soil).

The study was conducted within the framework of the
creative cooperation agreement, signed by the Ukrai-
nian Scientific Research Plant Quarantine Station, IPP
NAAS of Ukraine, and the Institute of Phytopathology
and Biodiversity of the Batumi Shota Rustaveli State
University, Georgia.

Adherence to ethical principles. All experiments de-
scribed in this paper were non animal based.
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of any conflicts of interests.
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Mera. BuzHauuTu NOLIMPEHHS Ta BHUYKUBAHHS 3UMYIOIO-
YUX 300CHOpaHriiB Synchytrium endobioticum y TpyHTI
il 9ac OPIEHTALIMHOTO OOCTEXKEHHS 3apaKeHUX JUISTHOK
BUPOIIYBaHHs KapTomut B Ykpaini Ta [py3ii; BU3HauMTH
e(eKTUBHICTh EKCTPAKI] 3 TPYHTOBUX 3Pa3KiB 3UMYHOIOUNX
300CIOPaHTIiB S. endobioticum 3a BUKOPHCTAHHS METONY
¢uoranii y po3uuni Hatpito Homucroro (Zelya et al, 2005)
3a BUKOPHMCTaHHs KaoJiHy Ta Kaibito xjopucroro (CaCl,)
(EPPO Standard PM 7/28(2) (2017). MeTtomu. O0cTexeHHs
TI0JTiB Ha BUSIBJICHHsI 30yJHHKA paKy KapToIui y 22 BOTHHIIAX
I'py3ii mpoBommmm 3a crammaprom EPPO PM  3/59(3)
(2017), y 11 Bormumax YkpalHu — 3TiIHO METOIHYHHX
peKoMeHamiii 3 BimOopy mpod y Tporeci KapaHTHHHOTO
oy Ta ekcrieprusu (Omeluta VP et al, 1996). Excrpaxiro
3UMYIOYHX  300CIOpaHriiB  30yIHHKA TPOBOTWIN 32
BUKopucTanns kaominy ta CaCl, (EPPO PM 7/28(2) 2017)
¢utoraniero 'y po3uuHi Harpiro #omuctoro (Zelya et al
2005). Bu3HadyeHHS BMiCTy OpPTaHIYHHX PEUOBHH Y 3pa3Kax
IPYHTY, BiIiOpaHUX y BOTHHUIAX paKy KapTorul B YKpaiHi Ta
I'pysii, mpoBogmu 3rimHo «Metony mabopaTOpHOTO BH-
3HaYeHHsS! BMICTy opraHiuHux peuoBun» (Jankauskas B et
al, 2006). PeBizito cTaHy BHSBICHHX BOTHHII 30yIHHKA
paKy KapTOIUli 3IiHICHIOBAaM Ha INJCTaBl JaHUX BIACHUX
o0cTexxeHb HalloHATbHUX (iTocaHiTapaux ciyx0 (https:/
dpss.gov.ua; http://agr.georgia.gov). Pesymsrat;m mocmi-
JKEHb OIpalbOBYBaJIM 32 BHKOPHCTaHHS CTAaTUCTUYHOTO
aHayizy TMporpamMHOro mMakery Statistica 5. Pe3dyabTarn.
BcranoBneHo, 110 npu HU3BKOMY Ta BHCOKOMY PIBHSAX Op-
raHivyHOI PEYOBHHHU Yy 3pa3kax rpyHry (2,0-2,7 %13,1-3,9 %
BIJIMIOBiTHO) Ta MOMIPHOT O BHCOKOT MIUTFHOCTI 3UMYIOUHX
3oocmopanrieB S. endobioticum y tpynTi (3—15 mo 41-65
IT/T TPYHTY BiAMOBiAHO) HE Oyl0 iCTOTHHX BiIMiHHOCTEH
B €()EKTUBHOCTI JBOX JIOCII/UKYBAaHUX METOJIB €KCTPAKII:
¢noranii y posuuni Nal Ta 3actocysanns kaoniny/CaCl,.
OnHak Ipyu Maii KiJIbKOCTI 3MMYIOUHX 300CIOPAHTIEB, Ha-
SIBHUX y IpyHTI (1-2 WT/T IpyHTY), €PEKTUBHICTH METONLY 3
BUKOpHCTaHHAM Nal cTaTHCTHYHO TOCTOBIPHO 3HIKYBAJIach
Ha 20-30 % Ha BiOMiHY Bl METOAY 3 BHKOPHCTaHHSIM
kaoniny/CaCl,. TlopiBHSAHO BHCOKHH PiBE€Hb YHCETBLHOCTI
3UMYIOUNX 300CHOpaHTieB S. endobioticum BusiBIeHo Ha 11
JOCIIJPKeHUX AiIsiHKax 4 obnactedd Ykpainu: 41-46 wmr/t
rpyHTy B IBaHO-®paHKiBChKiil 00macTi, 49 — y JIBBIBCHKIlA,
40-65 — y 3akapmnarcekiii Ta 52-65 — y UepHiBeubkii
obmactax. bimpmicts i3 22 mocmimkenux minsHok [pysii
MOKa3aJll HU3bKUHA PIBEHb YHCEIBHOCTI 3MMYIOUHX 300-
criopatrieB S. endobioticum B rpynTi (1-7 wWT/T IpYHTY), 1
JIUIIIE B OTHOMY CeJIi iX piBeHb CTAHOBUB |5 mIT/T IpyHTY (Ce-
so Yiurymi, MyHinunaniter Mecris). BucHoBku. Beranos-
JICHO, 1110 BUKOPHCTAHHS JOCIIKYBaHHX METOMIB €KCTpaK-
wii: ¢uoranii y poszunmni Nal Ta 3actocyBaHHsS KaoJiHy/
CaCl, Gyno nopiBHAHUAM JUIS 3pa3KiB TPYHTY BiJl HOMipHOTO
JI0 BHCOKOTO PIBHS YMCEIBHOCTI 3UMYIOUHMX 300CHOPAHTIEB
S. endobioticum (15—65 1wT/T IpyHTY), NPOTE OCTAHHIN
MeTon OyB OUTHII €(pEKTHBHUM 32 YMOB BHCOKOTO BMICTY
OpraHiYHMX PEYOBHH 1 y’)K€ HU3bKOT YHCEIBHOCTI ITaTOTeHY
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B TPYHTI (<5 3MMYIOYMX 300CTIOPAHTIER/T TPYHTY). 3po0ie-
HO BHCHOBOK IIPO JIOLIJIBHICTH BIIPOBAXKCHHS B IIPAKTHKY
peTiOHANBPHUX 1 HAIIOHANBHUX JIAbopaTopiii 000X KpaiH
craamaptHoro meronxy EPPO PM 7/28(2) (2017), mo me-
penbavac Bukopuctanns kaonminy Tta CaCl,. Ilokasamo,
0 Ha 3apakeHUX MUISHKAX TPYHTIB B YKpaiHi MIITBHICTH
3UMYIOUMX 300CIOpaHTieB 30yIHUKA paKy KapTornii Oyma y
4-20 pasiB BuIIe, HiXK Y BOTHAMIAX IIi€i XBopodu B I'pys3ii,
10, MOXKJIMBO, OyJI0 CHPUYMHEHO DPIi3HHUICIO KIIMAaTHIHUX
Ta iHIMX TreorpadigHuX yMOB Ta/a00 BiIMIHHOCTI y TH-
max TPYHTIB i CUTBCHKOTOCIOAAPCHKOI TPAaKTHKH. Y 3a-
rarpHOAepXKaBHOMY Maciirali 3a octamHi 9 pokiB (2011—
2020 pp.) B VYKpaiHi crocTepiractbcsi 3MEHIICHHS Ha
72,2 % tutom 3apaxeHUX 30yHUKOM paKy KapTOIUIi IpyH-
TiB Ta Ha 9,8 % — MIIBHOCTI 3MMYIOUMX 300CHOPAHTIEB
S. endobioticum y TpyHTI.

KarouoBi ciioBa: pak KapTorut, 3MMYIOUYi 300CHOpaHTii,
eKCTpaKIlisi, IoTallist, OpraHiyHi peYOBUHH.
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