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Plant viruses
In the system -
of seed potato

production
ABSTRACT

Solanum tuberosum L. is susceptible to 40 different virus species and 2 viroids. To prevent plant viruses
from spreading in field conditions, it is necessary to have reliable data on the species composition of plant
reservoirs of viral infection, the total activity of insect vectors, and possible ways of virus transmission in a
particular territory of seed material production. Attention should be paid to the factors that facilitate and hin-
der the disease development in crops and to disease symptoms in different potato varieties. Manifestations
of viral infections were monitored on every plant from the sample at the stages of initial growth, bud forma-
tion, and flowering and before the removal of potato haulms. Insects were collected using standard ento-
mological method. The total RNA was isolated employing commercial kits for the extraction of nucleic acids
from plant material “PhytoSorb” (Syntol Lic) and the benchtop automated extraction instrument KingFisher
Flex (ThermoScientific) with magnetic particles. Plant viral infection was observed to accumulate if potato
planting material was not renewed. The tested potato plants contained mixed viral infection, which consist-
ed of viruses from mosaic group: PVY, PVX, PVM, PVS PVA, as well as PSTVd and PLRV. Without the
renewal of seed potatoes, the concentration of plant viruses in an agroecosystem rises and causes second-
ary infections in potato plants. The research identified the main insect-vectors in the agroecosystem of
potato fields: insects from genera Cicadella, Henosepilachna vigintioctomaculata, Dolycoris baccarum,
Mythimna separata, Lygus pratensis, and Rhopalosiphum padi. Many wild weeds serve as fodder plants for
insect vectors facilitating the accumulation of plant viruses in agroecosystems. It was established that
perennial weeds were the main plant reservoirs of dangerous viral infections, e.g. Sonchus arvensis and
Taraxacum officinale. We determined that Trifolium pratense typus L., Chenopodium album L., Plantago
major L., Barbarea vulgaris W.T. Aiton, and Ambrosia artemisiifolia L. were the reservoirs of PVY. All these
factors can lead to an epiphytotic situation.
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PDUTOBMPYChI B CUCTEME
CEMEHOBOACTBA KapTOhens

PE3IOME

Solanum tuberosum L. nopaxaetcsi npumepHo 40 pa3nuyHbLIMKU BUAaM1 BUPYCOB 1 2 BUpouaamu. [ins
orpaH1yYeHus pacnpocTpaHeHns hUTOBMPYCOB B NONEBLIX YCNOBUAX He0OX0AMMO 06naaaTh AOCTOBEp-
HbIMM CBeJEHUSIMM O BUAOBOM COCTaBe pacTeHui-pe3epBaTopoB, CyMMapHOI BEKTOPHOI aKTUBHOCTH
NEepEeHOCYMUKOB W BbISIBNIEHMM BO3MOXHbBIX MyTel pacnpocTpaHeHUs MHGEKLUMM B KOHKPETHBIX MecTax
BbIpaLLMBaHUsA CEMEHHOro MaTepuana. BaxHo Takke BbiiBNeHue haktopoB, cCnocoO6CTBYHOLLMX UK Npe-
NATCTBYIOLUMX 3apPaXXEHWI0 PacTeHMi BUpPYCaMM U NPOSIBMIEHNIO NPU3HAaKOB GomnesHel Ha pasnuyHbIX
copTax Kaptodpens. YueT nposiBneHusi hUTOBMPYCOB OCYLIECTBNSANM OCMOTPOM Ka)XAO0ro pacTeHusi B
npobe, NPoBOAMMM NO NONHLIM BCXOAaM, B (hasy OYTOHU3ALMU-LIBETEHUS M NEpen YHUYTOXKEHWEM
60T1BbI. C60p HaceKOMbIX OCYLIECTBNANN CTaHAAPTHLIM 3HTOMOMNornyeckum Metogom. TotanbHyto PHK
BbIAENANN KOMMEPYECKUMI Habopamu Ans BbiAeneHNs HYKNeUHOBBIX KUCTIOT U3 pacTUTENLHOTO Mate-
puana «®utoCop6» (CuHTON) C MCMONBL30BaHUEM MArHUTHbIX YacTUL, Ha aBTOMAaTUYECKOW CTaHLMM
Bbigenenusi KingFisher Flex (ThermoScientific). Hamn oGHapyxeH chakT HakonneHusi (ouToBUpyCHOM
Harpysku B YCNOBMSIX OTCYTCTBMSI OOHOBNEHNS MOCafoyYHOro Martepuana kaptociensi. Mccnegyembie
pacTeHus KapTodens copepkanu CMeLIaHHYH BUPYCHYIO MHEKLMIO, COCTOSALLYIO U3 BUPYCOB MO3any-
How rpynnbi: PVY, PVX, PVM, PVS PVA, a Takxe PSTVd u PLRV. B pe3ynbTate oTCyTCTBUS OGHOBNEHUSA
CEMSIH MPONCXOANT KOHLIEHTpaumsi MTOBUPYCOB B arpoIKOCUCTEME, YTO YBENMYNBAET [OMONHUTENb-
HYH0 BUPYCHYHO Harpy3Ky 1 cnocoOCcTBYeT BTOPMYHOMY 3apaxeHuto kapTocdens. Cpeau HacekoMbIX, 06u-
TalowWmx B arpoakocucteMe kapTocdenbHOro Mons, HaMU YCTaHOBMEHO, YTO BEKTOpaMu BMpYCHOM
uHbekumn sBRANMCL HacekoMble poaa Liukagka, Henosepilachna vigintioctomaculata, Dolycoris bac-
carum, Mythimna separata, Lygus pratensis, Rhopalosiphum padi. MHorve gukopacTtylwme COpHble
pacTeHus SIBNSAIOTCA KOPMOBBLIMU AN HACEKOMbIX — BEKTOPOB, YTO CMOCOGCTBYET HAaKONMEHMIO BUPYC-
HOW Harpysku B arpobuoLieHo3e, HaMKU YCTaHOBMEHO, YTO OCHOBHbIMW PacTEHWSMU-pe3epBaTopamu
onacHbIX BUPYCOB KapTochens SBNAIOTCA MHOTONETHUE, T.e. 3UMYIOLIME COPHSAKK, Takue kak Sonchus
arvensis, Taraxacum officinale. Mbl onpegenunu, uyto Hocutenamu PVY senstotea Trifolium pratense
typus L., Chenopodium album L., Plantago major L., Barbarea vulgaris W.T.Aiton, Ambrosia artemisiifolia
L. Bce at dhakTopbl ABRAOTCA OAHON M3 OCHOBHLIX MPUYNH BO3HUKHOBEHUA ANMUTOTUMHBIX CUTYa-
17178

KNHOYEBBLIE CJI0BA:

kapTodens, durocbary, huToBUpPYChI, pacTeHUA-pe3epBaTopbl
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Introduction
Potato is a strategic agricultural crop playing an
essential role in the global food security. The key
biological characteristic of potato is its ability to propagate
vegetatively. However, this creates such problems as the
physiological aging of the crop and the accumulation of
specific pathogens, both of which decrease the yield [1, 2].
For this reason, monitoring and controlling viral infections
is of vital importance for the production of breeder seeds.
Solanum tuberosum L. is susceptible to 40 different
virus species and 2 viroids. The most pathogenic and wide-
spread of them are PLRV (potato leaf roll virus), PVY (pota-
to virus Y), PVX (potato virus X), PVS (potato virus S), PVM
(potato virus M), and PSTVd (potato spindle tuber viroid)
[3-6]. Viral infections have an adverse effect on vegetative-
ly propagating crops, including potato, due to an increased
probability of vertical virus transmission via tubers from one
generation to the next. Potato virus Y (PVY) can cause 80%
yield loss, PVX —up to 15-30% vyield loss, and PVS —around
10-20% [7]. Factors that facilitate the incubation, transmis-
sion, and accumulation of plant viruses in agroecosystems
include the genetic variability of viruses, the improvement
and modifications of agricultural methods, large-scale
monocrops, global transfer of plant materials, and an
increase in the population size and habitat range of insect
vectors [8]. The progression of viral diseases depends on
the interaction between the following components: the
populations of viral pathogens, host-plants, and insect vec-
tors as well as environmental conditions. Each component
plays a specific role in the spread and development of viral
infections [9]. As a disease progresses, a complex system
of ecological interactions develops: parasite — vector — host
(pathosystem) [10]. Most plant viruses rely on specific vec-
tors for the transmission from one plant to another and
code specific proteins to enable this process and thus
ensure their own survival [11]. The most dangerous insect
vectors belong to five insect orders - Coleoptera,
Hemiptera, Homoptera, Lepidoptera, and Thysanoptera.
The complex life cycles of insect vectors, including their
ability to change hosts and hibernate in winters, as well as
a high multiplication rate and adaptability to new ecosys-
tems provide almost unlimited opportunities for increasing
their population size and habitat range [12]. The transmis-
sion of plant viruses can also be carried out by protists,
ascomycota, mites, and nematodes. There are natural
plant reservoirs and focuses of infection for almost all virus-
es. Moreover, they are often located near crop fields.
Today 77 plant species from 62 genera have been regis-
tered to harbor 109 viral and virus-like infections. Infection
can remain in such focuses for a long time. The transmis-
sion of viruses occurs both ways — from natural focuses into
agroecosystems and vice versa. K.P. Dyakonov et al.
showed that infection from weeds and wild plants “returns”
to agroecosystems with the potato ladybird beetle
Henosepilachna vigintioctomaculata (Motchulsky, 1857)
and the aphid species Uroleucon gobonis Mats. This case
describes so called horizontal transmission of plant viruses
— from one host to another. Some viruses can be transmit-
ted vertically from parents to progeny [13]. Potato viruses
pose a serious danger due to the predominantly vegetative
propagation style of the crop [14]. Accumulated over the
years, potato viruses lead to degeneration and decrease
the potential yield of varieties by 30-80% [15]. The ability of

AGROCHEMISTRY, SOIL SCIENCE, PLANT PROTECTION AND QUARANTINE

a potato virus to be transmitted via tubers is key important
for its survival and results in seed infection, which usually
causes more severe symptoms than a primary infection [5,
16]. This decreases the quality and productivity of seed
material with each passing generation.

In field conditions, the sources of PLRV are usually
seeds and weeds growing near crops. PLRV is persistently
transmitted by aphids, mechanical transmission is not pos-
sible because PLRV can not survive outside plant cells for a
long time without losing its infectivity. Various strains of
PVY and mosaic viruses PVA, PVM, PVX, and PVS are non-
persistently transmitted by aphids and other insects and
with planting material. The transmission through contact
from infected plants to healthy ones can happen when
plants are already damaged by agricultural machinery. The
mechanical transmission of PVYM and PVA is not always
possible presumably due to a low concertation of viruses in
plant tissues [17-21]. To prevent plant viruses from spread-
ing in field conditions, it is necessary to have reliable data
on the species composition of plant reservoirs of viral infec-
tion, the total activity of insect vectors, and possible ways
of virus transmission in the particular territory of seed mate-
rial production. Attention should also be paid to the factors
that facilitate and hinder the disease development in crops
and the monitoring of disease symptoms in different pota-
to varieties [22].

The quality of seed material is key important for obtain-
ing high yield of potato. An objective of seed potato produc-
tion is the constant renewal of potato varieties and the use
of more promising and productive ones with certain proper-
ties to satisfy customer requirements [23]. Preserving the
varietal purity of seeds at a high level and maintaining the
initial quality of each variety over a long period of time are
the key goals of seed potato growing. In the modern condi-
tions, the large-scale production of potato cannot develop
without a well-organized system of seed potato growing
that is able to meet the demand of private and corporate
producers of potato. For this reason, a radical increase in
the quality of breeder and elite seed potatoes as well as in
the output should be a priority for the potato industry [24].
To achieve this goal, it is necessary to create a system for
controlling the circulation of viral infections not only in pota-
to fields but also in the surrounding forests.

Materials and methods

Insects were collected by the standard methods: sweep-
ing with entomological nets, using insect traps, and the
method of 100 leaves. Dry herbage was swept with ento-
mological nets from 10 a.m. to 12.00 a.m. The samples
were collected with 10-25 sweeps in different places
across the studied field. The net was quickly shaken and
fastened at the neck after the last sweep, the sack was then
tied and placed into a killing jar. The species composition
and the number of the collected insects were determined
in the laboratory conditions [25]. A field guide was used to
verify the species composition of the insects [26, 27]. The
method of yellow pan traps is based on the ability of certain
aphid species to fly towards yellow light. Tin pans (24 cm in
diameter and 7-8 cm in height) colored with a bright yellow
oil paint were placed at a distance of 60 cm from each other
in the field and in the adjacent plot. Water was poured into
the pan traps and washing powder was added to enhance
the capturing ability. Insects were collected daily in the
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morning (at the same time) [25]. The method of 100 leaves
involved collecting 100 leaves from 100 plants in a random
order across the diagonal of the field in the mornings. The
sample consisted of 33 lower, 34 middle, and 33 upper
leaves. The leaves were wrapped in packages; the species
composition and the number of the collected aphids were
determined shortly after the collection using a stereo
microscope in laboratory conditions. The counting of
aphids on leaves was conducted at ten-day intervals [25,
28].

Manifestations of viral infections were monitored on
every plant from the sample at the stages of initial growth,
bud formation, and flowering and before the removal of
potato haulms. The severity of viral infections was calculat-
ed as percentage of plants with symptoms to the total num-
ber of plants. For visual evaluation, both disease incidence
and the degree of disease development were recorded. To
estimate the degree of damage (disease development), we
used a nine-point scale of resistance to viruses [29, 30].

Leaves of potato plants and weeds were collected in
separate filter-paper packages, rolled into polyethylene
bags and frozen at 20-C to identify viruses by PCR. The leaf
surface was cleaned with a non-woven fabric moistened in
alcohol to prevent contamination. The insects were placed
in test tubes with 70% alcohol [31].

The total RNA was isolated employing commercial kits
for the extraction of nucleic acids from plant material
“PhytoSorb” (Syntol Llc) and the benchtop automated
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extraction instrument KingFisher Flex (ThermoScientific)
with magnetic particles. The extraction efficiency was esti-
mated by electrophoresis in a 1% agarose gel stained with
ethidium bromide and a subsequent visualization with
exposure to UV radiation using imaging system GelDoc Go
(BioRad). Plant viruses from the insect samples were
detected by RT-PCR with fluorescent detection in real time
employing QuantStudio 5 (Applied Biosystems) and com-
mercial kits “Phytoscreen” for “Potato Virus X. Y. M. L. S. A
— RV” (Syntol Lic). Viral infections were identified by a rise
of fluorescence signal in the fluorophore channel of a spe-
cific fluorescent probe aimed at detecting the cDNA of a
certain virus in the course of PCR. The identification of
plant viruses in potato accessions, weeds, and insects was
conducted by classic PCR and gel electrophoresis. The
reverse transcriptase reaction was performed using
RNAscribe RT (Bilabmix) and a random hexanucleotide
primer. The PCR was carried out employing MiniAmp
(Applied Biosystems) [32].

The statistical processing of the experimental data was
performed using Past 4.03.

Results and discussion

Analysis of data obtained from a visual assessment of
plants during the growing season 2020-2022 revealed various
symptoms of the disease. Viral infection was observed to
accumulate when potato was continuously planted in the
same field and when seed potatoes harvested from this field
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were used for planting. Viral infection accumulated in potato
tubers of varieties Avgustin, Dachnyi, Kazachok, Yubilyar,
Yantar', Belmonda, Labella, Red Lady, Sante, and Queen
Anne over the years of our research. The average degree of
damage in the experimental potato fields was 1.1 points in
2020, 1.7 points in 2021, and 3.6 points in 2022.
Manifestations of viral infections grew in number in the exper-
imental potato fields with each subsequent growing season.
Potato varieties Smak, Laperla, and Lilly experienced a slight
decrease in the severity of viral infection in the second year of
research (2021) compared to 2020 but the progression of
diseases accelerated significantly in 2022. This can be
explained by the environmental conditions of 2021 being
unfavorable for the growth and development of these potato
varieties in comparison to 2020 and 2022. The spring of 2021
was late and cold delaying the planting of potato. Precipitation
was abundant in the summer and autumn and negatively
affected potato plants in general (Fig. 1).

There were almost no symptoms of viral infection on
variety Belmonda in 2020 but plant viruses continued to
accumulate in tubers without manifesting themselves on
potato leaves. This resulted in a higher number of diseased
plantsin 2021 and 2022. The same tendency was observed
for varieties Avgustin and Red Lady. Our data are in agree-
ment with the results of Panycheva Yu.S. et al. [5] who
showed that the contamination of starting material had
been the main factor in the progression of viral infection in
an experimental field plot. The authors noted that under
optimal conditions the dynamics of virus accumulation in

a
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fields depended on the initial amount of an infection in
plants and varieties [5].

The studied varieties were tested for the presence of
plant viruses under laboratory conditions by RT-PCR. The
tested potato plants contained mixed viral infection, which
consisted of viruses from mosaic group: PVY, PVX, PVM,
PVS PVA, as well as PSTVd and PLRV.

The following symptoms were detected on potato plants
in the first year of our research: leaf curl, bulging yellow
veins, dwarf forms, and the necrosis of leaves. Mixed viral
infection progressed and spread slowly; not all of the stud-
ied potato varieties were effected and their developmental
rates varied insignificantly. Mixed viral infection including
plant viruses from mosaic group - PVX, PVA, PVS, and PVYM
- as well as PLRV and PSTVd was detected in the experi-
mental field plot in 2021. The amount of complex viral infec-
tion was not the same among the studied varieties leading
to differences in its manifestation on plants. The following
symptoms could be observed in 2021: mottles, chlorosis,
bulging leaf surface, waving leaf edges, leaf curl, dwarf
forms, curled petals, unopened buds, and red lining along
leaf edges. Symptoms differed not only among the vari-
eties but also on the same genotype. The infection resulted
in the following symptoms in 2022: mottles of different
intensity depending on the variety and the total amount of
viral infection, dwarf forms, interveinal chlorosis, red lining
along leaf edges, waving leaf edges, and leaf curl. All of the
symptoms were distinct on potato plants and demonstrat-
ed the accumulation of plant viruses (Fig. 2) [33].

b

Fig. 2. Symptoms of mixed viral infection a) PVY, PVX, PVM, PVS; b) PVY, PVX, PVM, PVS, PLRV, PSTVd
Puc. 2. [IposiBneHmne cmewaHHOW BUPYCHOW MHpeKunn Ha kapTogene:

a) PVY, PVX, PVM, PVS; b) PVY, PVX, PVM, PVS, PLRV, PSTVd
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In our previous studies, we found that the distribution of
plant viruses among the studied varieties was uneven.
During the years of research, the species composition of
viruses did not change significantly. The manifestation of
symptoms depended on both the amount and composition
of the viral infection [33]. For example, a high concentra-
tion of PVXin plants of potato variety Laperla with an equal
proportion of all other viruses lead to the development of
chlorosis along leaf edges, the necrosis and deformation of
leaves, dwarf forms, and mottles. In the case of variety
Labella, a low concentration of the viruses from mosaic
group and PLRV resulted only in chlorosis but the increase
in the concentration of PVY by 7,000 times, of PVM by 90
times, and of PVS by two times lead to leaf chlorosis,
intense mottles, and uniformly yellow coloration of leaves
(Table) [33].

Over time, the accumulation of viral infection and its
transmission to progeny via tubers causes the degradation
of varieties and reduces their yield by 30-80%. Latent char-
acter of viral infections plays an important role in their grad-
ual accumulation in seed potatoes and potato fields
despite the absence of any visual manifestations on plants
and the failure of traditional diagnostic methods to detect
an infection due to its low amount.

Our research established that the following insect
species were vectors of viral infections in the agroecosys-
tem of potato fields: species from genera Cicadella,
Henosepilachna vigintioctomaculata, Dolycoris baccarum,
Mythimna separate, Lygus pratensis, and Rhopalosiphum
padi. Additionally, leafhoppers and aphids Cicadella sp.
and Rhopalosiphum padi were vectors of PVY, PVS, PVM,
PVA, PLRV, and PSTVd.

In Primorsky kray, the potato ladybird beetle
Henosepilachna vigintioctomaculata is the most dangerous
pest. The mouthparts of chewing insects often carry infec-
tion such as PVX, PVS, and PVM along with plant juice. The
infection also passes through the alimentary canal of
insects and remains in their excrements. The most active
vectors are larvae and vyoung adult beetles of
Henosepilachna vigintioctomaculata due to their high
mobility and voracity [34].

Many wild weeds serve as fodder plants for insect vec-
tors facilitating the accumulation of viral infection in
agroecosystems. Weeds are one of the natural sources
of viral infection for potato [35]. For example, our
research established that the main plant reservoirs of
potato viruses are perennial weeds such as the field
sowthistle Sonchus arvensis and the common dandelion
Taraxacum officinale. Plants of Tripleurospermum inodo-
rum infected with PVS suffered from different pathologi-
cal processes - changes in leaf shape, leaf curl, prolifer-
ation, the abscission of flowers and buds, purple leaf
axils, the yellowing of abscission of upper leaves, and the
general inhibition of plant growth [36]. Our research
determined that Trifolium pratense typus L.,
Chenopodium album L., Plantago major L., Barbarea vul-
garis W.T. Aiton, and Ambrosia artemisiifolia L. were
plant reservoirs of PVY. These plants had no symptoms
of viral infections. Transmitting plant viruses by weeds is
possible through their direct contact (in the case of
mechanically transmitted viruses) with cultivated plants
or due to small distances between the plant reservoirs of
infection and cultivated plants in fields (in the case of the
viruses that depend on vectors).

Table. Quantitative estimation of plant virus load on potato varieties and petunia plants [33]
Tabnuya. KonuyecmeeHHasi oyeHka ghumoeupycHoli Ha2py3Ku Ha copmax kapmodgpesisi u nemyHbe [33]

PVY PVX PVA
ct Rq ct Rq Ct Rq
Labella | 28?3 106,1058 igjgg 106?072 iggﬁ :06?022
Labellall 0% 701 025 002 015 002
Lapertal 0% Zor - -
Laperla Il ig'g? 13(5?019 ig% i0(50072 %;g iod,0052
smakl 1% o5 C 024 00
Smakll 0% 01 000 002 094 000
RedLady 063 4600 1023 002 025 002
Augustin G0 505 004 00 013 00
Yantar 0% o1 025 w02
Belmonda lggg 512%4% - - iggi +Od,0022
Petunia sp. | 28?8 10(5,1058 - - i i
Petunia sp. Il 182? 316%&3 - : : )

PVM PVS PLRV PSTVd
Ct Rq Ct Rq Ct Rq Ct Rq

34,67 0,06 29,17 0,06 35,90 0,13 :
+0,23 0,01 10,41 10,02 10,24 0,01
28,97 1,89 28,18 1,41 36,51 0,05 ) :
+0,31 0,09 0,31 0,09 0,13 0,01
33,15 0,11 25,02 12,53 37,44 0,03 } :
+0,19 0,03 0,15 0,09 0,39 0,01
31,70 026 2472 16,30 3529 0,11 ) )
+0,63 0,03 10,15 10,10 10,24 0,01
31,86 0,32 27,28 3,37 39,24 0,01 38,68 0,0042
+0,63 0,03 0,27 0,09 0,11 0,01 025 0,02
17,94 3304 27,75 1,80 36,42 0,05 25,05 55,62
+0,22 1,01 0,27 0,09 0,13 0,01 0,15 0,09
31,66 0,27 27,91 1,29 3498 0,14 } :
+0,63 0,03 0,27 0,03 0,23 0,01
16,05 14767 28,95 0,95 37,03 0,04 38,54 0,004
10,10 0,31  $0,03 £0,39 £0,01 10,25 10,02
28,97 2,08 2897 0,71 38,23 0,02 ) }
0,31 0,09 $0,31 10,03 10,25 0,01
33,39 0,09 16,13 5510 37,80 0,02 ) )
+0,19 10,03 0,10 1,01 10,39 0,01

) ) 34,50 0,02 ) } } :

0,23  +0,01

36,69 0,01 35,38 0,01 3748 0,03 ) )
0,13 10,02 10,24 10,01 0,39 0,01
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Conclusions

Our research revealed that plant viruses accumulat-
ed in potato seed material when it was not renewed.
Without the renewal of seeds, plant viruses accumulat-
ed in agroecosystems increasing the total amount of
viral infection and causing secondary infections in pota-
to plants. All these factors might lead to an epiphytotic
situation. Among insects inhibiting the agroecosystem
of potato fields, the following species were established
to be vectors of plant viruses: leafhoppers Cicadellidae,
Henosepilachna vigintioctomaculata, Dolycoris bac-
carum, Mythimna separata, Lygus pratensis, and
Rhopalosiphum padi. Many wild weeds serve as fodder
plants for insect vectors facilitating the accumulation of
viral infection in an agroecosystem. Based on the
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