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LATENT INFESTATION OF POTATO TUBERS
WITH SOFT ROT AND RING ROT PATHOGENS
UNDER CHANGING WEATHER CONDITIONS IN UKRAINE

Potato is one of the most important food crops in the world. Cultivation of potatoes is an important segment of the ag-
riculture and economy as a whole in Ukraine. Bacterial diseases such as ring rot caused by Clavibacter sepedonicus, as
well as soft rot and blackleg caused by Pectobacterium atrosepticum evoke tremendous losses of the potato crop. Stored
seed tubers are the main source of accumulating pathogens in latent form. In addition, potato crop yield and quality
are significantly affected by weather conditions. Along with affecting potatoes directly, meteorological factors such as air
temperature and humidity can also impact tuber infestation with bacterial pathogens. The aim of the study was to moni-
tor the prevalence of bacterial ring rot pathogen C. sepedonicus and soft rot pathogen P. atrosepticum in potato tubers
on the territory of Ukraine in 2020 and 2021 years and assess its association with different weather conditions. Meth-
ods. Potato seed lots from newly harvested crops in eight regions of Ukraine (Odesa, Kyiv, Donetsk, Kherson, Cherkasy,
Mykolaiv, Dnipropetrovsk, and Zhytomyr regions) without visual symptoms of diseases were used for the experiments.
The detection of C. sepedonicus and P. atrosepticum was conducted by the immunochemical method DAS ELISA. Basal
meteorological data (the sum of precipitation (mm/month) and average air temperature (°C) were obtained from the local
meteorological stations. The amplitude of air temperature and the sum of precipitation during potato planting, growing,
and harvesting seasons, as well as Sielianinov’s hydrothermal coefficient (K) were additionally calculated. The Spearman
correlation coefficient was used for the analysis of the correlation between pathogen prevalence and weather parameters.
Results. Both ring rot pathogen C. sepedonicus and soft rot pathogen P. atrosepticum were detected in potato lots from
all surveyed regions, but the prevalence of latent infestation varied between 2020 and 2021. In 2020, the highest soft rot
pathogen prevalence values were registered for Mykolaiv, Kyiv, and Cherkasy regions (21.7, 10.5, and 10% respectively),
where high rainfall levels in May and June were observed. In 2021, potato planting, growing, and harvesting seasons were
marked by significantly higher precipitation levels, as compared to 2020, in all regions. Average occurrence values for P.
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atrosepticum in potato lots were 1.7 times higher than that in 2020. The highest prevalence (40%) was observed in the
Donetsk region with extremely high air humidity during the potato growing period. Strong positive correlation (r = 0.721)
was found between soft rot pathogen prevalence and K coefficients during the potato growing season, as well as between
P, atrosepticum prevalence and the sum of precipitation during planting and early growing seasons. Prevalence of ring rot
pathogen didn’t differ significantly in 2020 and 2021. The highest C. sepedonicus prevalence was observed in 2020 in the
Kyiv region (18.9%), and in 2021 — in the Donetsk region (20%). A moderate positive correlation (r = 0.591) was found
between pathogen prevalence and air temperature during planting and early growing season. Conclusions. Weather fac-
tors such as air temperature and humidity over the planting and early growing potato season can influence progeny tuber
infestation with P. atrosepticum and C. sepedonicus. Knowledge of the effect of the changing weather conditions on the
susceptibility of potato varieties with different genetic features to infestation with soft rot and ring rot pathogens warrants
future investigation since it is crucially important for developing measures for disease control by potato producers.

Keywords: potato, Solanum tuberosum, bacterial diseases, Clavibacter sepedonicus, Pectobacterium atrosepticum, weather.

In terms of growing volumes, potato is the third
most significant food crop in the world. Nowa-
days, potato is grown in more than 150 countries
on more than 20 million hectares, and global total
potato production surpasses 350 million tons [1,
2]. Ukraine is the fifth largest producer of potatoes
in the world, with a production of approximately
20 million tons and grown areas of about 1283.3
thousand hectares [3]. In addition, currently,
Ukraine takes second place in the ranking of po-
tato consumption per capita among all countries
of the world. Thus, achieving high- quality potato
yields is an important issue for Ukraine.

Potatoes are mainly propagated asexually (veg-
etatively or by cloning) by means of tubers, espe-
cially in developing countries, although sexual
propagation (by botanical seed, also called true
potato seed) is also possible [4]. The predomi-
nance of vegetative potato propagation results in
accumulating pathogens in planting material in
a latent form due to successive tuber-stem-tuber
cycles and thus leads to seed potato degeneration
and the reduction in yield and/or quality [5—7].
Potato, particularly stored tubers, is affected by
about seven bacterial diseases including bacteri-
al soft rot and blackleg, as well as ring rot being
serious dangers [8, 9].

In contradistinction to numerous bacterial
plant diseases, widespread in natural ecosystems,
bacterial soft rot and blackleg are predominantly
diseases of agricultural ecosystems. Soft rot is a
major potato disease in the world, which causes
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greater harvest loss than any other bacterial dis-
ease, especially in developing countries due to the
lack of appropriate storage facilities. Dickeya and
Pectobacterium are the most common and most
widely studied bacterial soft rot pathogens [10,
11]. The genus Dickeya assembles 12 recognized
species and the genus Pectobacterium incorpo-
rates 19 species. P, atrosepticum (formerly Erwin-
ia carotovora subsp. atroseptica) is a canonical
potato soft rot and black leg pathogen and differs
from other soft rot pathogens in its relatively nar-
row host range, being limited to the plant family
Solanaceae [12, 13]. The prevalence of potato soft
rot and black leg on the territory of Ukraine de-
pends on soil and geographical potato growing
areas and was the highest in the northern and
central parts of Polissia, Carpathian foothills, and
Bukovyna as of 2019 [14]. Losses of potato crops
caused by soft rot and blackleg depend on weath-
er conditions and the pathogen aggressiveness
and can range from 1—2 to 50—75%.

Potato ring rot, caused by C. sepedonicus,
is widespread throughout Ukraine [15]. Crop
losses due to this disease during both the pota-
to vegetation period and storage can reach 45%.
In some cases, potato ring rot can be the main
cause of seed/planting material culling. Pota-
to yield losses from this disease have increased
significantly in recent years in Ukraine due to
tuber mechanical damages over the cultivation,
harvesting, and storage, which facilitates infes-
tation [16]. Currently, C. sepedonicus is under a
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Fig.1. Map of potato tuber sampling in 2020 and 2021

special control scheme in many countries of the
world and is classified as a regulated non-quar-
antine pathogen in Ukraine [17, 18]. Potato ring
rot is difficult to control, and primary infections
are soon followed by secondary ones caused by
Pectobacterium soft rotting bacteria [19].
Bacterioses are among the most important bi-
otic limitation factors of potato production in all
climatic regions of the world [20]. All the factors
influencing bacteriosis development should be
clarified, and appropriate management strategies
should be adhered to mitigate potato yield losses.
Global environmental changes are among these
factors. The concept of the «disease triangle» in
plant pathology indicates the importance of the
interaction of pathogens and plants with the en-
vironment. For the development of a disease, a
susceptible host plant, a virulent pathogen, and
proper environmental conditions are required,
as the absence of favorable conditions for any of
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these factors does not lead to the development of
the disease. Plants and their pathogens both re-
quire optimal environmental conditions for their
growth and development. The three-way envi-
ronment-host-pathogen interaction ranges from
interactions that fully favor disease (disease opti-
ma) to those that support healthy plants [21, 22].
This study was aimed at monitoring the pre-
valence of bacterial ring rot pathogen C. sepe-
donicus and soft rot and blackleg pathogen
P. atrosepticum in potato tubers on the territory
of Ukraine in 2020 and 2021 and assessing its as-
sociation with different weather conditions.
Materials and methods. The experiments
were conducted at the diagnostic center of LLC
«Syngenta». For each year (2020 and 2021), pota-
to seed sets from newly harvested crops without
visual symptoms of diseases were used for the
experiments. In 2020, 1661 potato tubers from
8 regions of Ukraine, including the Odesa (148
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tubers), Kyiv (763), Donetsk (30), Kherson (90),
Cherkasy (90), Mykolaiv (60), Dnipropetrovsk
(390), and Zhytomyr (90) regions were exam-
ined. In 2021, 1160 potato tubers from the same
8 regions of Ukraine were investigated: Odesa (40
tubers), Kyiv (430), Donetsk (90), Kherson (120),
Cherkasy (120), Mykolaiv (120), Dnipropetrovsk
(150), and Zhytomyr (90) regions (Fig. 1).

Potato tuber sampling and average sample pre-
paration were performed by authorized persons
in each farm according to DSTU 4014:2001 [24].
Characteristics of potato varieties provided by
authorized persons are summarized in Table 1.

The detection of bacterial pathogens C. sepe-
donicus and P. atrosepticum was performed by
the immunochemical method DAS ELISA us-
ing the commercial test systems LOEWE® Stan-
dard Complete Kit (Germany) according to the
manufacturer’s recommendations, as described
previously [25]. Tubers samples were placed in
bags for homogenization «Extraction bags Uni-
versal 12 x 15 cm» (BIOREBA AG, Switzerland)
with sample buffer and homogenized using a
semi-automatic homogenizer HOMEX 6 (Biore-
ba AG, Switzerland) with passive deposition of
plant tissues. For plate incubating and wash-
ing, a thermostat for microplates PST- 60HL-4
(Biosan, Latvia) and a PW-40 washer (Bio-Rad,
USA) were used respectively. The enzymatic re-
action was evaluated photometrically at a wave-
length of 405 nm using a SUNRISE microplate
photometer (TECAN Austria GmbH, Austria).

Table 1. Characteristics of potato varieties

The Magellan V.7.1 program was used to process
the results. The bacteria infestation prevalence
was calculated using the formula: Prevalence =
(n*100)/N, where n is the number of affected tu-
bers in the sample, pcs.; N is the total number of
tubers in the sample, pcs.

For each region, meteorological data (the sum
of precipitation, mm/month, and average air
temperature, °C) obtained from the local mete-
orological station were collected. The tempera-
ture amplitude was calculated as the difference
between the maximum and minimum average
air temperature that occurred within a potato
growing time period (from April to September).
The precipitation amplitude was calculated as
the difference between the maximum and mini-
mum sum of precipitation that occurred within
a potato growing period (from April to Septem-
ber). The sum of precipitation was calculated
by summing the monthly sums of precipitation
during a potato growing period (from April to
September). Additionally, Sielianinov’s hydro-
thermal coefficient was calculated to determine
temporal fluctuations of meteorological condi-
tions and their impact on pathogen prevalence.
The hydrothermal coefficient (K) was calculated
on the basis of monthly sums of precipitation (P)
and the monthly sum of mean daily tempera-
tures (Zt), using the following formula: K = P/0.1
2t. The values of Sielianinov’s coefficient were
classified as follows: <0.40 — extremely dry (ed),
0.41—0.70 — very dry (vd), 0.71—1.0 — dry (d),

ISSN 1028-0987. Microbiological Journal. 2023. (6)

Region Variety Maturity group | Blackleg resistance
2020

Odesa Miranda, SOLANA GmbH (Germany) Early Low, Medium
Laperla, SOLANA GmbH (Germany) Very early N/T*
Riviera, Mts. Boerhave (Netherlands) Very early Medium to high

Mykolaiv Riviera, Mts. Boerhave (Netherlands) Very early Medium to high

Kherson Riviera, Mts. Boerhave (Netherlands) Very early Medium to high
Arizona, AGRICO RESEARCH BV (Netherlands) Second early Medium

Dnipropetrovsk | N/P**
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Continuation of Table 1

Region Variety Maturity group | Blackleg resistance
Donetsk Monte Carlo, TPC (Netherlands) Middle early N/I
Cherkasy N/P**

Kyiv Bellarosa, EUROPLANT Pflanzenzucht GmbH (Germany) | Very early to early N/I
Colomba, HZPC (Netherlands) Early N/I
Mozart, HZPC (Netherlands) Medium late N/I
Granada, SOLANA GmbH (Germany) Medium early High
Toscana, SOLANA GmbH (Germany) Medium early High
Queen Anne, SOLANA GmbH (Germany) Early High
Labella, SOLANA GmbH (Germany) Medium early Medium, High
Lilly, SOLANA GmbH (Germany) Medium early High
Soraya, Greenvale Seed (UK) Early High
Sunshine, SOLANA GmbH (Germany) Very early to early High
Opal, SOLANA GmbH (Germany) Medium early High
Red Lady, SOLANA GmbH (Germany) Medium early Medium to high
Prada, SOLANA GmbH (Germany) Very early Medium
Arizona, AGRICO RESEARCH BV (Netherlands) Second early Medium
Rudolph, AGRICO UK (UK) Early Low
Arsenal, AGRICO UK (UK) Maincrop N/I
Riviera, Mts. Boerhave (Netherlands) Very early Medium to high

Zhytomyr Colomba, HZPC (Netherlands) Early N/I
Riviera, Mts. Boerhave (Netherlands) Very early Medium, high
Soraya, Greenvale Seed (UK) Early High

2021

Odessa N/p**

Mykolaiv Natalia, SOLANA GmbH (Germany) Early High
Prada, SOLANA GmbH (Germany) Very early Medium
Rodriga, SOLANA GmbH (Germany) Early High
Sunshine, SOLANA GmbH (Germany) Very early to early High

Kherson Bellarosa, EUROPLANT Pflanzenzucht GmbH (Germany) | Very early to early N/I
Vineta, EUROPLANT Pflanzenzucht GmbH (Germany) Early N/I
Arizona, AGRICO RESEARCH BV (Netherlands) Second early Medium

Dnipropetrovsk | N/P**

Donetsk Arizona, AGRICO RESEARCH BV (Netherlands) Second early Medium
Picasso, GEBR. HOLSTEIN (Netherlands) Maincrop Low
Monte Carlo, TPC (Netherlands) Middle early N/I

Cherkasy Labella, SOLANA GmbH (Germany) Medium early Medium, High
Belmonda, SOLANA GmbH (Germany) Medium early Medium, High

Kyiv Picasso, GEBR. HOLSTEIN (Netherlands) Maincrop Low
Arizona, AGRICO RESEARCH BV (Netherlands) Second early Medium

Zhytomyr N/P**

*No information about sensitivity/resistance to blackleg in variety characteristics provided by producers; **data
concerning potato varieties were not provided by authorized persons.
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1.01—1.3 — quite dry (qd), 1.31—1.6 — opti-
mum (0), 1.61—2.0 — moderately wet (mw),
2.01—2.50 — wet (w), 2.51—3 — very wet (vw),
>3 — extremely wet (ew) [26].

Data on the sum of precipitations during po-
tato growing time are presented as mean * SD.
These data were tested using the Kolmogorov—
Smirnov test for a normal distribution before
other statistical tests. Statistical differences were
calculated using a two-tailed t-test. Differences
were considered significant at p < 0.05. For each
meteorological variable measured (monthly sum
of precipitation, monthly sum of mean daily tem-
peratures, and Sielianinov’s coeflicient), a separate
correlation analysis with potato soft rot and ring
rot pathogen prevalence in tubers from newly
harvested crops in different regions was con-
ducted. The Spearman correlation coefficient was

used [27]. The statistical significance of the found
Spearman correlation coefficient values was
checked via calculating by the t-statistic formula:

t:r\/(N—Z)

where t — Student’s distribution, r — Spearman
correlation, N — sample size, 2 — degrees of free-
dom [28].

Results. During the period 2020—2021,
weather conditions differed in all regions of the
Ukraine. The potato planting season in Ukraine
in 2020 turned out to be dry for most regions
(Table 2). Low temperatures were noted in the
central, eastern, and northern regions, and tem-
peratures in the southern regions were optimal
for potato planting. May turned out to be gen-

Table 2. Weather conditions during the period of planting, vegetation, and harvesting of potatoes in 2020 [19]

2020 Odesa | Mykolaiv | Kherson IIJ)eItl;Effcs)l; Donetsk | Cherkasy Kyiv Zhytomyr
April | ZR, MM 8.0 8.0 10.7 12.2 137 229 27.1 21.2
IV) |, "°C | 112 10.3 10.1 9.3 8.7 93 9.1 9.1
Ko 071(d) | 078(d) | 1.06(qd) | — — — — —
May SR MM | 587 519 36.6 63.1 45.7 111.2 1245 1167
V) tyg 5°C | 148 144 15.1 147 14.6 132 124 119
K 4.0 (ew) | 3.60 (ew) | 242 (vw) | 429 (ew) | 3.13 (ew) | 842 (ew) | 10.04 (ew) | 9.81(ew)
June SR, MM | 418 425 30.5 35 29.8 69.5 65.7 78.5
(VD) tyg H°C | 221 225 229 226 224 213 209 20.1
K 1.89 (mw) | 1.89 (mw) | 1.33(0) | 1.56(0) | 1.33(0) | 3.26(ew) | 3.14(ew) | 3.91 (ew)
July IRY MM | 224 215 145 7.3 27.6 239 35.6 432
(VID |, *°C| 248 249 259 246 247 224 214 203
K 09(d) | 086(d) | 0.56(ed) | 0.30(ed) | 1.12(qd) | 1.07(d) | 1.66(mw) | 2.13(w)
August 2R*, MM 34 42 7 59 6.1 7.2 139 252
(VIII) v 239 239 246 234 23 223 212 20.5
K 0.14 (ed) | 0.18 (ed) | 0.28(ed) | 0.25(ed) | 0.27 (ed) | 0.32(ed) | 0.66(vd) | 1.23(qd)
September | ZR¥, mm 9.9 184 359 226 0.8 31 24.6 29.5
(IX) | t,*°C| 206 20.7 21.2 20.2 19.8 192 184 17.5
K 048 (vd) | 0.89(d) |1.69(mw) | 1.12(qd) | 0.04 (ed) | 1.61 (mw) | 1.34(0) | 1.69 (mw)

*>R is the sum of precipitation, mm; ** tavg is the average air temperature, °C; *** K is Sielianinov’s hydrothermal

coeflicient.
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erous with abundant rainfalls, and the largest
amount of precipitation was recorded in the
northern regions, as well as in the Cherkasy re-
gion. The Sielianinov hydrothermal coefficient
(K), which was calculated only for the regions
where the average air temperature excessed
10 °C, showed thatin 2020, April was quite dry,
whereas in May, K values ranged from 2.42 for
Kherson to 10.04 for Kyiv, indicating sufficient
and sometimes excessive moisture.

The growing season of 2020 was characterized
by sufficient and excessive moisture in all re-
gions in June. However, in July, the K coefficient
indicated drought of varying intensity in most
regions, except for Kyiv and Zhytomyr regions,
where sufficient moisture was observed. The po-
tato harvesting period in 2020 was marked by
quite drought weather with high temperatures

in all regions in August, while in September, dry
weather persisted in Odesa, Mykolaiv, Donetsk,
and Dnipropetrovsk regions.

The planting season in 2021 was character-
ized by slightly lower air temperatures and sig-
nificantly higher rainfall levels, as compared to
2020, in all regions (Table 3). K coeflicient val-
ues in May were rather similar to those in 2020.
The growing season in 2021 was marked by sig-
nificantly increased precipitation levels in com-
parison with 2020 in virtually all regions with
some exceptions (Kyiv region in June, Zhytomyr
region in June and July).The harvesting season
in 2021 was characterized by lower air tempera-
tures, as compared to 2020, in all regions. Rain-
fall levels varied significantly from very low in
the Odesa region to quite high in the Zhytomyr
region.

Table 3. Weather conditions during the period of planting, vegetation, and harvesting of potatoes in 2021 [19]

2021 Odesa | Mykolaiv | Kherson IIJ)ertlrlgfle-( Donetsk | Cherkasy Kyiv Zhytomyr
April ZRY, MM 43.5 45.8 42 452 31.6 52,5 40.1 442
V)t eC 9.5 9.3 9.9 9.6 9.6 8.4 8.1 7.6
K — — _ _ — — — — —
May ZR*, MM 60.5 519 25.8 29.8 41.6 594 104.5 117.0
(V) [t ™°C | 162 162 17.1 16.7 17.1 15.1 14.3 13.6
K 3.73(ew) | 320 (ew) | 1.51(0) |1.78 (mw) | 2.43 (w) | 3.93(ew) | 7.31(ew) | 8.60 (ew)
June 2R*, MM 114 90.2 75.0 129.3 130.9 77.8 50.7 47.6
VDt °C | 212 215 218 212 212 204 204 20.1
K 538 (ew) | 4.20 (ew) | 3.44 (ew) | 6.10 (ew) | 6.18 (ew) | 3.81(ew) | 249 (w) | 2.36 (W)
July 2R*, MM 379 36.5 59.9 449 44.8 36.8 50 44.2
(VID e, *°C| 26 26.5 27.1 26.3 26.2 252 247 24
K 146 (0) | 138(0) | 2.21(w) |1.71(mw) | 171 (mw) | 146(0) | 2.02(w) |1.84 (mw)
August | ZRY, Mm 13.9 12 21.7 17.1 11.7 46.9 37.5 60.5
(VID |, *5°C | 247 253 26.5 26 263 234 22 20.8
K 0.56 (vd) | 047 (vd) | 0.82(d) | 0.66(vd) | 0.45(vd) | 2.00 (mw) | 1.71 (mw) | 2.91 (vw)
September | ZR*, Mmm 10.9 22.5 12.2 16.9 26.9 252 27.6 28.4
X) |t *°C | 169 16.3 17 15.6 158 14.6 139 13.6
K 0.65(vd) | 1.38(0) | 0.72(d) | 1.08(qd) |1.70 (mw) | 1.73 (mw) | 1.99 (mw) | 2.09 (w)
*>R is the sum of precipitation, mm; ** tavg is the average air temperature, °C; *** K — Sielianinov’s hydrothermal
coeflicient.
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Fig. 2. Amplitude of the sum of precipitation (a), amplitude of average air temperature (b), and sum of the precipitation
during the planting, growing, and harvesting season (c) in 2020 and 2021 in surveyed regions of Ukraine. Data on
diagram c are presented as mean + SD. *p < 0.05 as compared to 2020

In addition to basal weather characteristics gion was distinguished from the other regions
(monthly average temperature and sum of rain- by the lowest K values over the time of pota-
fall), we also calculated their amplitudes during to growing due to the low precipitation level.
the potato growing time (from April to Septem- The Zhytomyr region was characterized by the
ber) and the sum of precipitations (Fig. 2). Pre- lowest monthly temperatures in comparison
cipitation variations were significantly higher in with the other regions during the potato grow-

2021 as compared to 2020 in most regions except ing period (Table 2). The highest prevalence of
Kyiv, Cherkasy, and Zhytomyr ones (Fig. 2, a). C. sepedonicus this year was observed in the
The Maximum precipitation amplitude in 2021 Kyiv and Dnipropetrovsk regions: 18.9% and
was registered in the Donetsk region: 2.7 times 12.6% respectively. In the Kyiv region, the high-

higher than that in 2020. Virtually, no differenc- est rainfall levels during potato planting and
es were observed in precipitation amplitude in growth initiating were observed. Next year, the
2020 and 2021 in the Zhytomyr region. A mi- situation with latent infection of potato tubers
nor increase in temperature amplitude in 2021 with ring rot pathogen has changed. Lesioned
was observed in all regions, most pronounced in tubers were detected in samples from Kherson
Kyiv and Zhytomyr regions (Fig. 2, b). The sum (3.3%) and Zhytomyr (2.2%) regions. In ad-
of precipitations during potato growing time was dition, C. sepedonicus occurrence values were
significantly higher in 2021 in comparison with increased in Odesa, Donetsk, and Cherkasy
2020 in most regions except the Cherkasy, Kyiv, regions. The highest proportion of lesioned
and Zhytomyr regions (Fig. 2, c). tubers was detected in the samples from the

Both ring rot pathogen C. sepedonicus and Donetsk region — 20%, which is sixfold higher
soft rot and blackleg pathogen P. atrosepticum than in 2020. This region was characterized by
were detected in all surveyed regions, but the the most significant variations of rainfall over
prevalence of latent infestation varied between the period of potato growing in 2021. At the
2020 and 2021 in virtually all locations (Fig. 3). same time, the pathogen prevalence in the Kyiv
In 2020, C. sepedonicus was detected in tuber (lowest amplitude of precipitation level), Dni-
samples from all regions except Kherson and propetrovsk (lowest precipitation level during
Zhytomyr (Fig. 3, a). In 2020, the Kherson re- potato planting and growth initiating period),
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Fig. 3. Prevalence of C. sepedonicus (a) and P. atrosepticum (b) in potato lots from newly harvested crops in different

regions of Ukraine in 2020—2021

as well as in Mykolaiv (lowest sum of precipita-
tion over the time of potato growing) regions —
on the contrary, decreased by 2, 3, and 8 times
respectively.

P. atrosepticum was also detected in most sur-
veyed regions in 2020 except Odesa region (Fig.
3, b). The average value of soft rot and blackleg
pathogen prevalence in the new harvest tubers
on the territory of Ukraine was close to that for
C. sepedonicus: 7.4% vs 6.4% respectively. That
year, the highest prevalence values were regis-
tered for the Mykolaiv, Kyiv, and Cherkasy re-
gions: 21.7%, 10.5%, and 10% respectively. It is
necessary to note that potato varieties grown
in the Mykolaiv region were characterized
by breeders as those with medium resistance
to blackleg and most varieties in the Kyiv re-
gion — as those with high and medium to high
resistance (see Table 1). In 2021, the average oc-
currence of the blackleg pathogen throughout
the country increased by 1.7 times as compared
to 2020: 12.3% vs 7.4% respectively, which was
accompanied by a 1.5-fold increase in the aver-
age sum of precipitation over the time of potato
growing throughout all regions. P. atrosepticum
was detected in the tubers of potato samples
from the Odesa region (15%), and prevalence
values for the pathogen were increased in most
regions except the Mykolaiv and Cherkasy re-
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gions, where prevalence values decreased by
8.7 and 1.7 times respectively, and Zhytomyr
region, where the situation didn’'t change sig-
nificantly. The highest soft rot and blackleg
pathogen occurrence values were registered in
the Donetsk region — 40%, which is 12.1 times
higher than in 2020. It is necessary to note, that
resistance of potato varieties grown in regions
with increased pathogen prevalence varied sig-
nificantly from low to high (according to breed-
ers data).

The Spearman correlation analysis revealed
associations between the P. atrosepticum prev-
alence and K coefficient values in the potato
growing season (June-July) (r= 0.721, p < 0.05)
(Fig. 4, a). A strong positive correlation was also
found between P. atrosepticum prevalence and
monthly sums of precipitation during the po-
tato growing season (r = 0.721, p < 0.05) (Fig.
4, b). In addition, a strong negative correlation
was detected between P. atrosepticum prevalence
and the monthly sum of mean daily tempera-
tures during the potato harvesting season (Au-
gust-September) (r = -0.736, p < 0.05) (Fig. 4, ¢).
As for C. sepedonicus, we revealed only mod-
erate correlation between the prevalence of the
pathogen and the monthly sum of mean daily
temperatures during the potato planting season
(May) (r= 0.591, p > 0.05) (Fig. 4, d).

ISSN 1028-0987. Microbiological Journal. 2023. (6)



Latent Infestation of Potato Tubers with Soft Rot and Ring Rot Pathogens under Changing Weather Conditions

o
2 Zg L r=0.721,p <0.05 = 120 r=0.721,p <0.05
2 4.
$ 4.0 g 100+
o ]
g 3.5 o 80
g on
z 3.0 k=
&b 2.5 Z 60
£ 20 5o 10
Q
g 15§ . g S .
510 oo 5 20| oe
£ o5t A
M 1 1 1 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
P. atrosepticum prevalence, %
a b
/g 250 . o r=0.736,p <0.05 = %g L r=0.591,p =20.05
Z2 10 v e > Z 16 °
& ° 8 140
o0 o0 ® e
g 15+ g 12e
2 g 10t
s 10} 8 8t
= £
= Q 6|
Q o
o 5t gb 4+
ob
E 1 1 1 1 }3 2 I 1 1 1 1
0 10 20 30 40 50 0 5 10 15 20 25
P, atrosepticum prevalence, % C. sepedonicus prevalence, %
c d

Fig. 4. Correlation between the prevalence of P. atrosepticum and C. sepedonicus and weather parameters

Discussion. The agro-industrial complex is
an important sector of the economy of Ukraine,
which forms food, economic, ecological, and
energy security and ensures the development of
technologically related branches. The cultivation
of potatoes is one of the most important branch-
es of agricultural production in Ukraine [22].
The quality and quantity of the potato crop are
significantly influenced by climatic conditions
during planting, growing, and harvesting season,
since abiotic and biotic stresses acting in tandem
(disease develops only under permissive environ-
mental conditions) cause huge crop losses [29].
One of the biggest threats to potato productivi-
ty is the loss caused by bacterial diseases, which,
once introduced into the crop, can persist and
spread in the agricultural environment through
latent (asymptomatic) infections [30]. The major
source of field inoculum for bacteria is the latent-
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ly infected seed (mother) tubers [31]. Nowadays,
potato soft rot and blackleg caused by pectolyt-
ic bacteria along with potato ring rot caused by
C. sepedonicus receive increased attention. Pota-
to growing industry harm wreaked by ring rot,
soft rot, and blackleg necessitates deep insight
into the biology of the causal agents including
the impact of environmental factors on the de-
gree of plant infestation, which is very important
for the epidemiology of the diseases [8]. Tuber
infestation by rot pathogens depends on various
genetic features, as well as on many environmen-
tal factors including air and soil temperature, air
and soil humidity, etc. Weather changes, which
are highly unpredictable in their characteristics,
can impact the plant disease triangle in different
ways. Literature data concerning the impact of
weather conditions, particularly air temperature
and precipitation level, on the latent infestation
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of potato tubers with soft rot and blackleg and
ring rot are quite scarce and controversial.

P atrosepticum, a temperature-sensitive spe-
cies, mainly occurs in temperate climates and
is able to grow only up to 33 °C and causes dis-
ease primarily at 18—22 °C. Temperature plays
a decisive role in mother-tuber rotting, while P
atrosepticum is more pathogenic at lower tem-
peratures (< 25 °C) [31]. In addition, tempera-
ture fluctuations can stipulate the expression of
pathogenicity factors and in such a way impact
species selection [32, 33]. Kaczynska et al. re-
ported about examined pool of 29 thermoreg-
ulated genes of P. atrosepticum (including those
associated with pathogenicity), 14 of which were
up-regulated at 18 °C, while 15 others — at 28 °C.
Authors supposed involvement of these genes in
the pathogen ecological adaptation [34]. Accord-
ing to Pe rombelon et al. [35], another equally
important environmental factor for mother-tu-
ber rotting is soil humidity since water film on
the tuber surface creates anaerobic conditions
in tuber tissues, which facilitates bacterial mul-
tiplications. On the basis of laboratory exper-
iments, Moh et al. [36] opine that temperature
is the most influential environmental factor for
tuber infestation followed by bacteria load and
humidity. Our own results indicate that both air
temperature and precipitation level play equally
important roles in progeny tuber infestation with
P atrosepticum. Regions with sharply elevated
prevalence of soft rot and blackleg pathogens in
2021 were characterized by the highest air tem-
perature values during the early growing season,
17.2 °C, which is the closest to the optimum for
activating thermoregulated genes associated
with pathogenicity. The Donetsk region with the
highest prevalence value was also marked by the
highest rainfall level during the early growing
season and the highest sum of precipitation in-
crease as compared to 2020. In addition, we have
revealed a strong positive correlation between P
atrosepticum prevalence and K coefficient during
the growing season. According to Aung et al.
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[37], high atmospheric humidity suppresses the
R gene-mediated plant hypersensitive response.
It can be one of the mechanisms of decreasing
resistance to the infestation with soft rot patho-
gen [38]. The impact of genetic features of potato
varieties cannot be ruled out as well since in the
Kherson region, where a spike in P. atrosepticum
prevalence was observed in 2021, potato variet-
ies have overall lower resilience to blackleg used.
At the same time, in the Donetsk region, the
same variety was grown in 2020 and 2021, which
nevertheless didn’t affect the infestation spike in
2021. Our findings are consistent with the data
of Liaquat et al. [39], who revealed a significant
correlation between several weather parameters
and the development of soft rot and blackleg in
different potato varieties irrespective of their ge-
netic characteristics.

C. sepedonicus has a low optimum growth
temperature (20—23 °C) and is limited mainly
to cooler potato-growing regions. High tempera-
tures stimulate the development of the disease,
and lower temperatures favor the survival of the
pathogen. Inoculum concentration, variety, geo-
graphiclocation, and the interaction of these fac-
tors affect the manifestation of symptoms in the
field. Symptom expression in greenhouse exper-
iments occurred more often at 22—35 °C than
at 16—18 °C or 4 °C. In addition, the relatively
high temperature of the soil promotes the devel-
opment of the disease [19]. Meteorological fac-
tors such as relative humidity, temperature, and
soil profile also have a significant impact on the
development of ring rot in potato plants. Accord-
ing to Pietraszko et al., the infestation rate with
ring rot pathogen decreases with increasing air
temperature (over the optimum) and the rainfall
level, and high soil humidity can also interfere
with infection [40]. Gryn et al. [26] state that air
and soil temperatures during the initial potato
growing season do not substantially influence
the number of potato plant tubers infested by
ring rot pathogen. Our own observations some-
what contradict this statement since we revealed
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a moderate positive correlation between C. sepe-
donicus prevalence and air temperature during
the initial potato growing period. Our findings
are in agreement with the data concerning the
correlation between air temperature during the
initial plant growth and the expression of viru-
lence genes of Clavibacter species affecting to-
matoes [41]. The extremely increased precipi-
tation level in 2021 did not change substantially
the average prevalence of ring rot pathogen in
surveyed regions as compared to that in 2020.
This may indicate more importance of air tem-
perature than rainfall level for infestation. The
sensitivity to ring rot is not recorded in certifi-
cates of potato varieties grown on the territory of
Ukraine and requires future investigation.

Thus, the prevalence of soft rot and black-
leg pathogen P. atrosepticum in potato tubers is
strongly correlated with the precipitation level.
It can be associated with the negative effect of
high atmospheric humidity on the function and
activity of R genes mediating an early localized
cell death at the site of pathogen ingress and, as
a result, disease resistance. The high prevalence
of P, atrosepticum in selected regions is associated
with air temperature during planting and early
growing seasons, which is close to optimal for the
activation of some thermoregulated genes associ-
ated with bacteria pathogenicity. The prevalence
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JIATEHTHE YPAJKEHHS BYJIbB KAPTOIUII 3BYAHVKAMM M’SIKOI TA KUIBLIEBOI THVJIEV 3A
MIHJIMBMX [TOTOJHVX YMOB B YKPATHI

Kaprormn € ofHi€l0 3 HallBasKIMBIIMX IPOJOBOIBYNX KYIbTYP Y CBiTi. KapTONIApCTBO € BaXK/NMMBOIO Iamy331o Ciib-
CbKOTO FOCIOfIapPCTBA Ta eKOHOMIKM YKpaiHu B 1jitomy. BakrepianbHi XBOpoOu, Taki sIK Ki/lblieBa THI/Ib, BUKIMKAHA
Clavibacter sepedonicus, a TaKOXX M sIKa THUIb 1 YOpHa HDXKKa, BUK/INKaHi Pectobacterium atrosepticum CpUIMHIO-
I0Th Be/MKi BTpaTu Bpoxkaio Kapromni. HaciHHeBi 6ynb6u, 1110 HOBro 36epiraloTbcs, € OCHOBHUM JPKEpeIoM Ha-
KOIIMYEeHHs ITaTOTeHiB y maTeHTHiN ¢popmi. Kpim Toro, Ha BpoXkaifHiCTh Ta AKICTb KapTOIUI iCTOTHO BIUIMBAIOTH
noropHi yMoBu. OKpiM 6e310ocepefHbOro BIUIMBY Ha KapTOIUIIO, METEOPOIOriyHi (paKTopy, Taki AK TeMIeparypa
HOBITPs Ta BOJIOTICTD, TAKOXX MOXKYTb BIUIMBATU Ha 3apakeHH: 0y/1b0 maToreHamu. Meroro po6ory 6yB MOHITO-
puHT mommpeHocTi 30ygHMKa OakTepianbHOI Kinbiesol ramti C. sepedonicus Ta 30ygHMKa M'sIKOI THII i 9OpHOL
HDKKE P. atrosepticum y 6ynpbax kaproti Ha teputopil Ykpainn B 2020—2021 pokax Ta OLjiHKa ii 3B’sI3KY 3 pis-
HVMU IOTOfHMMY yMoBaMu. Metopu. [I/ist ZOC/ifiB BUKOPUCTOBYBa/IM TApTii cafjiBHOI KapTOIUIi CBDX03ibpaHOro
BpoXKaio 3 BocbMu obmacreit Ykpainn (Opecbkoi, Kuicbkoi, JJonennskoi, Xepconcbkoi, Yepkacbkoi, Mukomnais-
cbkol, [JHinponerpoBcbkoi, Kutommpcpkoi) 6e3 BisyanbHIUX CUMIITOMIB 3aXBOploBaHb. Bussnenns C. sepedonicus
ta P atrosepticum npoBoguau imyHoximiuHuM MetooM DAS ELISA. Basosi MeTeopornoriuHi nmokasuuku (cyma
omajiB, MM/Mic., Ta cepefHs TeMIlepaTypa nositps, °C) oTpuMaHi 3 MicLieBUX MeTeocTaHLill. [JozaTKkoBO po3paxo-
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BYBa/IM aMIUTITY[y TeMIIepaTypy IIOBiTpsA Ta CyMM OIIajiB IiJj 4ac MocajKiu, Beretalii Ta 360py Bpo>kaio KapTOIL,
a TakoX rigporepmiunnit Koedirient Censaninosa (K). st aHamisy B3aeM03B 13Ky MDK MOIIMPEHICTIO 30ygHMKa
Ta MMOTOJHMMI ITapaMeTpaMyl BUKOPUCTOBYBanu KoediuieHt kopemsuii Cripmena. Pesynbsratu. C. sepedonicus ta
P atrocepticum BUSABIEHO B MapTifAX KapPTOIUIL 3 YCiX 0OCTeXXEHUX PETiOHiB, ajle MOLIMPEHICTh TATEHTHOI iHBasil
KonmuBanaca Mk 2020 ta 2021 pokamu. Y 2020 poui HaliBuIIi HOKa3HUKY IOMMPEHOCT] 30yAHMKa M AKOI THIIIL
Oynu 3apeectpoBaHi a1 Mukonaisebkoi, KuiBcpkoi Ta Uepkacbkoi obnmacreii (Bignosigno 21.7 %, 10.5% ta 10 %) 3
BICOKOIO KiJIBKIiCTIO OIIafiiB y TpaBHi Ta yepBHi. ¥ 2021 poli ce30H IOCaiK, BereTalil Ta 300py Bpo>kalo KapTOILIi
BifI3HaUMBCA 3HaYHO Oi/IbIIOI0 KinbKicTIO omafiB mopiBHAHO 3 2020 pokoM y Bcix perioHax. CepenHi NOKa3HUKY
BUABJIeHHA P, atrosepticum y napTiAx KapTOIUIL B JOC/I/PKYBaHMX perioHax Oy B 1.7 pasu Bumumu, Hix y 2020 p.
Haitsny momnpeHnicts crioctepiranu B JJoHerbkiit o6macti (40 %) 3 Hafj3BU4YailHO BUCOKOIO BOJIOTICTIO HOBITpPS B
nepiof BereTanii KapToIUt. BusiBeHO cCUIbHUI TOSUTUBHUI KOPeIALitHMIt 3B’5130K (r = 0.721) MX IOLIMPEHICTIO
30ygHMKa M KOl THIWII Ta 3HadYeHHAMU KoedinienTta K mporsarom BererauiifHOro mepiony KapToIi, a TAKOXK MK
HolpeHicTIo P. atrosepticum Ta cyMoIo OIaJiB y Iepiof ITIOCAIKM Ta Ha IT0YaTKy BereTanil. [lomupenicTs 30ynHu-
Ka Ki/IpIieBoi THIIL CYTTEBO He BinpisHsmaca 'y 2020 Ta 2021 pokax. HaBummii cryninp noumpenus C. sepedonicus
criocrepiramu y 2020 poui B Kuicpkiit obmacti (18.9%), a'y 2021 poui — y Jlonenskirt obmacti (20 %). Busisieno
[IOMipHY IIOSUTUBHY Kopesrsinio (r = 0.591) MK moumpeHicTio 30yAHMKA Ta TEMIIepaTypOoIo IOBITPsI IMif Yac Mocaf-
KU Ta Ha IIOYaTKy BereTarii kapromwi. BucHoBku. ITorogHi dakropy, Taxi sik TemMmeparypa MOBiTpst Ta BOIOTICTD ¥
Hepiof] MOCaAKI Ta IIOYATKy BereTallil KapTOIUIi MOXYTb BIUIMBATHU Ha 3apakeHHs Jo4ipHix 6ynsb P atrosepticum
ta C. sepedonicus. 3HaHHS PO BIUIMB 3MiHM NMOTOJHMX YMOB Ha CIPUITHATIMBICTH COPTIB KapTOIUI 3 Pi3HUMMU
TEeHeTUYHMMM OCOONMMBOCTAMMY [0 3apaKeHH: 30y[HMKaMM M SIKOI Ta Ki/lblleBOI THIUJIEN BMMArae MofjaablnX J0-
CITIKEeHD, OCKI/IBKY Ije HaI3BUYailHO BaYK/IMBO /I pO3pOOKM 3aX0iB KOHTPOIO 30YIHUKIB XBOPOO KapTOIL.

Kntouosi cnoea: kapmonns, Solanum tuberosum, 6axmepianvni xéopoou, Clavibacter sepedonicus, Pectobacterium
atrosepticum, nozooa.
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