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GISTECHNOLOGY FOR THE MONITORING OF SHARKA DISEASE IN THE ODESSA REGION

Plant virus causes many important plant diseases and are responsible for huge losses in crop production and quality in all
parts of the world, and consequently, agronomists and plant pathologists have devoted considerable effort toward controlling
virus diseases. One the most important virus on many Prunus species, causing great economic losses is Plum pox virus
(PPV),casual agent of Sharka disease. Since its discovery, Sharka has been considered as a calamity in stone orchards. The vi-
rus has been detected in almost every country where any significant commercial stone fruit cultivation occurs [1]. The virus is
entered into the list of regulated pests common in Ukraine. In Ukraine, the total area of PPV spread totals 4013,2764 ha. In Odessa
region, 18.5 ha districts are in PPV quarantine. Six hotbeds of PPV infection totalling 28 hectares were found in Odessa region.
For the first time in Odessa region, PPV was found on cherry trees. Peach and plum trees are hit equally. In this study, we use
geographic information systems technology to identify potential locations in a Odessa region for controlling the spread of Plum
pox virus. To our knowledge, this is the first attempt to employ GIS technology for controlling plant diseases in Ukraine. Provided
it is properly maintained, the geospatial data, and the ability to generate detailed maps with it, is key to the success of PPV con-

tainment. Information management will be a key to improving for controlling the spread of Plum pox virus.
Keywords: Plumpoxpotyvirus, Sharkadisease, plantdiseasemonitoring, hotbeds, GIS technology.

Introduction.Plant viruses are group of pathogens that
cause important loses in different fruit croups and they
have great economic importance. This is especially true for
diseases associated with vectored pathogens such as
PPV, an aphid transmitted virus.

Plum pox virus(PPV) is one of the most important
pathogens causing destructive viral diseases in stone fruit
trees such as peach, plum, apricot and cherry. Sharka
was first reported in plum trees in Bulgaria in 1917-1918
and was recognized as a viral disease by Atanasoff
(1932) [2]. Since then, the virus has spread progressively
to most of Europe, around the Mediterranean basin and
the Near and Middle East. It has also spread to South
and North America and Asia [3].

To understand the scope of PPV infection, regular sur-
veys are necessary to determine the presence of the dis-
ease. PPV symptoms may appear on leaves, shoots, bark,
petals, fruits and even stones (Fig. 1) They are usually
distinct on leaves early in the growing season and include
mild light-green discoloration, chlorotic spots, bands or
rings, vein clearing or yellowing and leaf deformation.
Flower symptoms can occur on petals (discoloration) of
some cultivars. Infected fruits show chlorotic spots or lightly
pigmented yellow rings or line patterns. Fruits may become
deformed or irregular in shape, and may develop brown or
necrotic areas under the discolouredrings[4].

Figure. 1. Typical symptoms induced by Plum pox
virus on a domestic plum leaf (A), domestic plum fruits (B), premature domestic plum fruit drop (C), an apricot fruit (D),
an apricot stone (E), peach fruits (F), a peach leaf (G) and Japanese plum leaves (H) [5]

Visual inspection of trees is not a reliable detection
method because of the variability in the expression of
symptoms and many years may pass before an infected
host manifests symptoms. To avoid PPV spread over long
distances by the movement of plant material, reliable de-
tection methods are needed for the accurate detection of
the virus in symptomless nursery plants and propagative

material. Two official and validated international protocols
for the detection and characterization of PPV strains have
been developed [6,7].

We had used enzyme-linked immunosorbent assay
(ELISA) and reverse transcription polymerase chain reac-
tion (RT-PCR) remain the preferred lab tests to screen for
and confirm the presence of PPV in collected samples.
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The climate in Odessa region is influenced by the vicini-
ty of the Black Sea and fluctuates from year to year but
typically is characterized as having higher summer temper-
atures, warmer winters and relatively rare rainfalls. Here,
warm spring normally begins in mid-April followed by dry
and hot summer months. Therefore, monitoring of stone
fruit orchards in Odessa region is conducted in spring and
autumn, when the symptoms are more obvious and plant
tissues contain more virus.

This work was aimed at conducting Sharka disease
monitoring of planted stone fruit crops in Odessa region
using traditional visual, serological and molecular meth-
ods, and subsequent coupling of obtained data on virus
spread with geographical information system (GIS)
technology for further use by plant quarantine services,
virologists and producers

Materials and methods.For the 3 years (2014-2016),
plant disease monitoring of 185 hectares of stone fruit or-
chards in Odessa region was conducted, including 68 hec-
tares in Belyaev and 43 hectares in Ovidiopol districts con-
firmed as the areas under PPV quarantine.

{

Visual diagnostics of PPV-specific symptoms was fol-
lowed by serological analysis in the laboratory. Collected
samples were tested for PPV by double antibody sandwich
enzyme-linkedimmunosorbent assay (DAS-ELISA), as de-
scribed previously by Clark and Adams (1977) [8], using
specific polyclonal antibodies purchased from Bioreba
(Switzerland) following the manufacturer's recommenda-
tions. RT-PCR was mainly used as a confirmatory test for
selected samples using probes specific to PPV-D and
PPV-M strains.

Portable navigation system Garmin GPS 60 was used
for accurate recording of geographical coordinates of the
sample collection spots and locations where the Sharka
symptoms were evident.

Results and discussion.In 2014-2015, for the first
time in Odessa region, PPV was found on cherry trees
(Fig. 2) in Khlebodarskoye village of Ovidiopol district (area
2,5 ha). Strain PPV M identified in 2015. Prior to this, sur-
veys of cherry orchards have not been conducted due to
the fact the PPV has never been detected there.

Figure. 2. Symptoms of PPV on cherry trees of Ovidiopol district, Odessa region

Also, new PPV hotbeds were found in Doslidnoe village
(plum orchard, area 2,3 ha) and in Mirnoje village (peach or-
chard, area of 5 hectares; the total area of 80 ha) in Belyaev
district. As of today, we have confirmed six hotbeds of Sharka
disease totaling to 28 hectares in Odessa region(Fig. 3).

Therefore, the results of 3-year PPV monitoring in the
affected areas of Odessa region revealed new hotbeds of
virus spread.

Figure. 3. Pilot GIS-aided map showing plotted quarantine areas for PPV in Odessa region

In turn, these results underline the need for a) regular
screening of stone fruit orchards (commercial, sus-

pect/endangered, and quarantined ones as minimum) for
PPV using EPPO-approved serological and/or molecular
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techniques, and b) a database system combining virus
monitoring, crop, vector, climate and map data.

Plant disease management practices can be improved
by putting epidemiological information in the same format
as other plant pathologistsinformation using a geographic
information system (GIS). The integration of GIS provides a
mean for the refined analysis of traditional and contempo-
rary biological/ecological information on plant diseases.
GIS has been applied in agriculture for the spatial analysis
of insect pests, weed infestations, and plant diseases,
which is particularly true for Sharka disease[8].

To our knowledge, this is the first attempt to employ
GIS technology for controlling plant diseases in Ukraine.
Provided it is properly maintained, the geospatial data, and
the ability to generate detailed maps with it, is key to the
success of PPV containment allowing for the ease of navi-
gation to known sites each survey season but, most im-
portantly, for decision making regarding the:

1) Efficient development of buffer zones and quarantine
boundaries when a PPV-positive tree was identified;

2) Calculation of acreage to predict number of samples
and prepare sample labels before field survey;

3) Calculations and verification of acreage for destruc-
tion of diseased trees;

Another advantage of interest to Odessa region is that
such approach may also combine climate and vector data
— both are of importance for PPV. Altogether, use of GIS
technology for controlling PPV spread allows better plan-
ning of activities, personnel and limited funds

Conclusions.

1. For today six pestholes of PPV, total area of twenty-
eight hectares, is found in Odessa region. Most of infected
trees have peaches and plums.

2. For the first time in Odessa region, PPV was found
on cherry trees: all the pestholes in plum and peach or-
chards the Odessa region identified strain PPV — D; in the
pesthole in sweet cherry orchard the Odessa region identi-
fied strain PPV — M.

3. Modern technology phytosanitary monitoring of viral
diseases, including PPV should be based on the integrated
use of methods that allow you to get information about the
spread of viral diseases in Ukraine and to determine the
general trend of development of the pathological process,
to inform the selection institutions of new invasive races of
pathogens to develop reliable forecast for the development
of the disease.

C. NaBnoea, acn.
OnbITHaA cTaHUMA KapaHTUHa BUHOrpaAa v NNoAoBbIX KyNbTyp
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WHcTuTyTa 3almThl pacTeHM HaLUMOHaNbLHOW arpapHoON akagemMuu Hayk YkpauHbl, Ogecca, YkpauvHa,
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. ByasaHuBckas, a-p 6uon. Hayk, npod., B. Monuwyk a-p 6uon. Hayk, npod.
KueBckouit HauMoHanbHbIM yHUBepcuteT MeHu Tapaca LLleByeHko, KueB, YkpanHa

NMPUMEHEHWE T'MC-TEXHONOI MU ANt MOHUTOPUHIA LUAPKWU CINIUBbI
HA TEPPUTOPUUN OOECCKOU OBJNIACTU

Bupycbl pacmeHuli 8bi3bl8alom MHO20 pa3/luYHbIX 3abosiesaHuli pacmeHul, 4Ymo npueodum K 60/bLWUM MOMSIM U Ka4Yecmea ypo)kasi 80 8cemM
Mupe, U MO3MoOMy, a2pOHOMbI U (humonamosio2uu nocesiwarom 3Ha4yumesbHble ycunus 0711 KOHMPOJIsi 3a 8UPYCHbIMU 3abosiegaHusimu. OOUHUM
U3 caMbiX 8a)KHbIX 8UPYCO8 8bi3blearoujux 6osibuwiue 3KOHOMuUYyeckue nomepu y poda Prunus amo Plumpoxvirus (PPV), eo36ydumens wapku
cnuebl. C MOMeHma ceoe20 OMKPbLIMUs Wapka siesisiemcsi Hacmosiwyum 6edcmeuem O7is1 KOCMOYKOBbLIX cadoe. Amom eupyc ecmb 8 Kaxdol
cmpaHe, 8 komopoli ecmb MPOMbIW/IEHHOE 8blpaujusaHue KOCMo4koebix depeebeas[1]. Bupyc omHocumcsi K Cnucky peaynupyeMbix e8peOHbIX
op2aHu3mMoe YkpauHbl. Ha meppumopuu YkpauHbl 3apaxeHHble eupycom cadbl 3aHUMarom nioujads e 4013,2764 2a. B Odecckoli o6nacmu ama
nnowjadb kKapaHMUHHbIX o4a2oe cocmaessiem 18,5 2a. 3a nocnedHee epemsi 30echb 6bi10 HalideHO 6 HoBbIx o4yazoe obujell niowadbio 282a. Bre-
pebie 8 Odecckoli o6nacmu eupyc PPV o6HapyxeH Ha Oepeebsix YyepewHu. lepcukoeble u criugosbie depeabsi Nnopaxaromcsi 8 o0uHaKogol cme-
neHu. Ha ckonbKko HaM uzeecmHo, Mbl enepebie ucnosb3oeanu MTMC-mexHonoz2uu Ans1 KOHMPOJIsi 8UPYCHbIX 60ne3Hell pacmeHul e Ykpaune. lpa-
8UJILHO20 UCMOJIb308aHUE 2€0MPOCMPAaHCMBeHHbIX OaHHbIX S18JII€MCS1 KITFOHYOM K yCriexy KOHmposisi pacrnpocmpaHeHusi PPV.

Knrovesble cnoea: eupyc wapku cnuebl, pumocaHumaHbIil MOHUMOPUH2, KapaHMUHHbIU o4az, FTMC mexHonozuu.
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3ACTOCYBAHHSA MC-TEXHONOTIT ANA MOHITOPUHIY LWAPKU CNUBU
HA TEPUTOPII OQECBHKOI OBNACTI

Bipycu pocnuH euknukaromb 6a2amo eaxsiugux xeopobu pocsiuH i Hecyms eidnoeidanbHicmb 3a eesluki empamu i sKicmb 8poXKaro y 6CbOMY
ceimi, i momy, aepoHoMu i gpimonamorsnoau doknadarome 3Ha4YHUX 3ycussb Osisi KOHMPOJIIO 3a 8iPYCHUMU 3axeopro8aHHsIMU. OGuHUM 3 HaUGinbw
nowupeHux eipycie, sikuli eUK/IUKae 3Ha4yHi eKoHoMi4Hi empamu y pody Prunus ye Plumpoxvirus (PPV), 36y0HuUK wapku ciueu. 3 MOMeHmy ceo20
8i0kpumms wapka € cnpasexHim sruxom 0Ons kicmoykoeux cadie Ljeli gipyc npucymHili 8 KOXHil KpaiHi, 8 siKili € npomucsioge supoulygaHHsI Kicmo-
4ykoeux depee[1]. BipyceidHocumbcs o nepernikypezynboeaHuxwkionueuxopaaHismieYkpaiHu. Ha mepumopiiYkpaiHu3apaxeHisipycom cadu 3ali-
marombniowy e 4013,2764 2a. B OdechkiliobnacminnouwjakapaHmuHHUXeo2HUW, cmaHoeumsb 18,5 2a. 3a ocmanHili yac mym 6yno3HalideHo 6
HoeuxeozHuUuW3a2asnbHoronoujero 28 2a. Bnepwe e Odeckkitiobnacmisipyc PPV 6ye eusieneHuli Ha depeeax YepewHi. lepcukoei i cnueoei depeea
ypaxxatombcsioOHakoeoromiporo. Ha ckinbku Ham eidomo, mu enepweesukopucmanu NC-mexHono2uu 05151 KOHMPOJIIO 3a 8iPyCHUMU X80pobamupo-
c/uH e YkpaiHi. [fpasunbHesukopucmaHHs12e0npPocmopo8uxdaHux € K/ro4em Ao ycrnixy KOHmpoJsiro nowupeHHsi PPV.

Knroyoei cnoea: Bipyc eicnu cnueu, wapka cnueu, gpimocaHimapHuli MOHimMopuHea, KapaHMuHHe eo2Huuje, 'IC mexHonoeii.
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SPREAD OF TURNIP MOSAIC VIRUS IN SUSCEPTIBLE CROPS
IS STRONGLY EFFECTED BY DIFFERENT CULTIVATION PRACTICES

Samples of plants showing symptoms of Turnip mosaic virus (TuMV) were collected from fields planted to Brassicaceae
crops in Kyiv region and different locations in the city of Kyiv. TuMV was detected in the main brassica-crop fields, private gar-
dens and urban locations of Ukraine, with a high overall incidence of 50%. This paper describes the effects of different cultivation
approaches on the incidence rate of viral infection in susceptible crops and confirms the importance of preventive measures for

disease control.
Key words: Turnip mosaic virus, cultivation practices.

Introduction. Turnip mosaic virus (TuMV) is a member
of Potyvirus genus belonging to the largest Potyviridae
family of plant viruses [1]. As many potyviruses, TuMV has
an extremely wide host range but infects mostly plant spe-
cies from the Brassicaceae family and induces persistent
symptoms (mosaics, mottling, chlorotic lesions, etc.). For
domesticated Brassica plants, TuMV is considered one of
the most damaging and economically important viruses [2].
TuMV is mainly transmitted by many aphid species non-
persistently as well as mechanically from plant to plant.
TuMV probably occurs worldwide and has been found in
both temperate and subtropical regions of Africa, Asia,
Europe, Oceania and North and South America. In Europe,
TuMV was reported from the UK, Spain, ltaly, Greece,
Germany, The Netherlands, Czech Republic, Hungary,
Bulgaria, Poland, and Russia [3-9]. Despite Ukraine's geo-
graphical location and wide cultivation of different Brassica
crops for centuries, it's only recently that the authors have
registered TuMV in our country (unpublished data). In the
study reported here, we describe the importance of preven-
tive measures for the control of wide-spread and damaging
pathogen of brassicas.

Materials and methods. Sampling was restricted to
crop-producing areas in Kyiv region and different locations
in the city of Kyiv where Brassicaceae plants were grow-
ing/cultivated. In Kyiv, sampling locations included two bo-
tanical gardens, the city center, Museum of Folk Architec-
ture and Life of Ukraine (open-air location w/o agricultural
activity), and private gardens where different brassica
plants were regularly cultivated. Several large fields in Luka
and Gorenychi villages used for commercial cabbage culti-
vation were chosen for sampling in Kyiv region. Brassica
plants were visually examined, samples were collected
from plants with TuMV-like symptoms typically including
mosaics, mottling, vein banding and/or leaf deformation.

Collected samples were tested for TuMV by double an-
tibody sandwich enzyme-linked immunosorbent assay
(DAS-ELISA), as described previously by Clark and Adams
(1977) [10], using specific polyclonal antibodies purchased
from Loewe (Germany). Briefly, 0,5 g leaf tissue was
ground to a powder with a mortar and pestle in 10 mL
phosphate-buffered saline, pH 7,4, containing 0,05%
Tween 20, 2,0% polyvinylpyrrolidone (MW 40 000) and
0,2% bovine serum albumin. In the meantime, microtitre
plates (Maxisorb, NUNC, Denmark) were coated with
TuMV-specific  broad-spectrum polyclonal antibodies
(1:200) in carbonate buffer according to the manufacturer's
instructions. Leaf extracts were then added to the plates in
duplicate wells and incubated overnight at 4°C. The pres-
ence of TuMV in the samples was detected in 200 pL ho-
mogenate by TuMV-specific antibodies conjugated to alka-
line phosphatase using p-nitrophenyl phosphate substrate
(Sigma, USA). Absorbance values at 405 nm were meas-
ured using a Multiscan-334 microtitre plate reader (Labsys-
tem, Finland). Absorbance values, measured 60 min after
adding the substrate, greater than three times those of the
negative controls were considered positive.

Results and discussion. A total of 54 plant samples
with TuMV-like mosaic and mottling symptoms were col-
lected in different districts of the city of Kyiv and Kyiv re-
gion. Sampling areas included both agricultural sites (two
cabbage producing fields and private gardens) and urban
locations where no agricultural activity was carried out (dif-
ferent sites in the City of Kyiv, two botanical gardens and
open-air Museum of Folk Architecture and Life of Ukraine).

Using ELISA, TuMV was detected in samples from
cabbage, red radish, mustard, radish, white mustard, gold
of pleasure, weed species (hill mustard), etc. (Table 1).
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