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©0x8IOBE0sGHMMGd0Ls©I0  Mgod3ool  dobgzom.  3gMHdm, dymedo  ge3MEIYOO
303995300850 X0do B9 gbd) MIM3wgl G900b393580 253dwg 0gm.

502356500, LJoMM39WMT0 2530 3IYINO 35OGMBOEOL J0BML 3500MEH039d0L OYIBOL
d0Bbom dom@EHILEOL, Jmmbols s BobEgzMOL (30gd0L BoMmgdol dggys® dgbfsgwrowo odbs
breml Gso0mbolb 4 Lmgmosb (0sFss, 133565, MBbm, d06335d9900) s FGuEBH0OL Moombols
L. MO 0Ib 5©0gdMo J9OEMBOEOL 30dmb 60dxdgdo (0bmes@gdo pwl3, pwl4, pwls,
pwl6, pwl7). 330930l 9909900l sbsbds, Mdgmedo 0©IBEHOB0E0MIIMO0s 3500MEH030
2(G2), bmwm  bywmdo 9303w YdINmos  gMmo  3smmEGH030,  MMmIGEog  LOHYWOSE
3o6b35399Mo0s  9dodg  Abmywomdo  3bmdowo  350MmEH03900LRb  LogMMSTMGHOLM
6083030MJOMWO  O0BIMHYIEE0GHMMYIOL F0dom Mgodo0m s 2017 (gl EPPO-U dog6h
39029600 ©@OxIMHIBE05GMO™MS QobsbEgdme Bs3Mgdbg Mgodzool Jobgwzom doeosh 3gogl
0910490030 25360 39gde 3smmGHod 38 (Nevsehir)-Ub.

2.6. 35000303900l 00096EH053030MgdOL 890093900 gsbbogrgs

O3 3600005, 350MmEH03900L s0fgMs 953w9dbgds oM3399I0 X0F-0BIMIBE0sGHMOMS
900560 31630930 0BMEsGHOlL Foge  godmdms3zbgdmer  M95d3090L. OEIMIGHWOHWIO
9mbs39d900L  dobgz0m  EgoLsM3zoL  AbmBwomdo  Synchytrium  endobioticum- oL
5bEmgdom 40-00g 3500MmGH0305 3bmdowo (Baayen, et al., 2006), 09935 39OEGHMBOWOL 30dML
3500M 3039000 5096 Jow05b ot EgdmE0s, MY LbgsIlbgs J39949b5do 0ygbgdwbgb o
OLs 094969096 Ubgoslbgs ©0RgM9bE30sGHMMmGOL. 999sb  2odmdobsy, sE0Wwgdgwo
3obs  9Mmosbo,  Mbogoio®gdmmo  b53Mgdol  d94dbs. EPPO-L dog®  89Jdboends
0x9IM9630sGHMOMs 65309335 M10dYbx M goboEss 33wowgds. 2004 fawl dgagbowo

93603790 65360900, OHMIgwoE 99a0Mm©s 3MmEsbommo s 4gMdsbmwo Lgwgdisool 11
X0dobogob (OEPP/EPPO, 2004) 258ggbgdyemo oym 93mm3580 BoMmMM@ 353030090090,

g3gwsbg  96003bgermgzsbo  dsmm@odgool: 1 (D1), 2 (Gl), 6 (01), 8 (F1), 18 (T1)
0095@05303060900LM30L. 535505, 39O 560530, 30wmbymdo, Bgbmligrmgs305d0, MOJgmdo s
bbgs 439969930 0ygbgdgb EPPO-U 8096 9900053509000 65360900l 4900 5Q0y00md6m03
Xx0090Ls3(Stachewicz & Langerfeld, 1998; Baayen, et al., 2006). 2004 ficrol 3GmEHM3mEdo
9m39099ds 653609085 (MM GHTGBLS/gMLEHIE0bY, 3OMm©LgbE/Jmddo, I 3M®s, Loxo®,
906050 @5 BJWOES/3oMOMob/Medg) dmdg3bm fjergddo 2oboEs©s (33w0Wwgdgd0, 39MHIMO
x0do  9MLGHwoby (Eersteling) Bobsagzers xodoom 93m®s (Evora), xodo dJmddo (Comb)
Bobogrs xodom obys (Irga), x0dgd0 gw3mes (Delcora) s do60s0 (Miriam) Bosbogems
X03935 Bowgb@ (Talent), bmeom x0do Medg (Ulme) Psbs33ers 0890000 0356 (Icar) s 40306
(Gawin) (Baayen, 2004a). 59 6536900056 7 x0do B39bl 30090303 0dbs 998myqbgdyero, bemerm
390090330 59 65369000 5TMMGdMWO 0465 ¥ 0To YW IMOD.

2013-2015  {igmwgd8o  Euphresco  SENDO  3Mmgd@olb  goMpawqddo  Bo@oMqo
06@ 9O HdMESGHMMHOME0 33193900 M3 356(>3mbowmo, LGobsMEGHMwo
0xIM96305GHMOMS LygMMSTMOOLM Bs3Mgdol gdwdsggdol dobbom (van Leeuwen et al., 2016).
Ujmego gl gobsbergdmamo  bs3Mgdo oMol dmagdmewo 2017 farob  LoosgbmlEGozm
3OMFGHMIMOoL ebergl 396Losdo (EPPO, 2017).

O0amO3  Bg0mm  ogm  50bodbmwo, 0B MIBE0IGHMMmO  ©IWIMES 0gm  TSEHJIOM
390myg9bgdmo B3z96L 9du3gM0d9gb@Hgddo. Abgoglo b53Md0 oym @sdmygbgdmwo  medgodo
Bo@Go®mgdmeo 33erg3900Lsl (Cakir et al, 2009). 2017 (gl 99385390 sboew 3OMEHM™IMedo
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9my3960¢0 999m3e9dwero 653Mgd0l d0dsmm (35306, MM, 3OHMOMLIEE, By o®s, LEgo®,
Aoab@) Jodoro obmesBgdol pwl3, pwl3N, pwl4, pwl5, pwlé s ,00mOI1wo”
0BMWHEOoL  M9od30900L  TgoMgdol  Loxgdzgbg  obolsBezms  LadoHmggwmdo
393039 IOMO 350ME030. 39HIM®, MOOZY 30399300l F0TsOHM ¥ 0T-0RIMIHE0SEGHMEMYOO:
©IMEMS, 3OMOMLIDE), Bowgbd s Logo® 5839690 J0dWYd MgoJ309dL, bmem gogobo o
090@S - 353dg M959d30sL. MMIEs X03-OGBIMOI6E05EGHMM IIMOSDY Mgod300l dobgzom
bmdo 09bEH0B0E0MYIMOo 3500mEGH030 blbzszwgds MMOIMwo smmEod 38 (Nevsehir)-
396 (Cakir er al, 2009). dglfogwrowo Jo®rmmeo 0bmsEgdol Mgogdaool GHodgdo 56 gdmbgggzs
ABMBE0MIo BIOMNMD 293039 JOIM0 3500MmEGH03900L 1(D1), 2(G1), 6(01) s 18(T1) GgodioqdL
EPPO-bL  ©002bmbGHozmeo  3om@Gmamemol  (2017) 8096 890mm35D9den % 00-
©0939M96305GHMEOMS 0>MI0).

GHMAMO3 3309306 9909390056 BBL, LEdMWMME GO 50dMBRbEs LbodsGmzgemdo
39303990 300MmL 3Mm31s30580 3500MEH030L 0IBGHOROE0MY0S, oAb 2017 {ursdwy
0MLgdM ¥00-0BIMOI6E0sGHMOMs Bs3MgdBY FoMqdmEro M95J300l dobgzom LEMIEOs©
3bo0o 350MGH030 0©I6GHOR0E0M©Y0s, beaenm 2017 ol gobsbergdmmo b530M9d0L Mgogsgool
dobg300  58m3wgbowo  ZsmmBH030 {95938 MMGOJgMTo  J93OEIWYIME  ZsmmEGHodl 3
8(Nevsehir).

Synchytrium endobioticum-ol  350>M3H039008  009IBEGH0BOGFOMGOLMD  ©353d0MYOMO
360093900 0Ym gOM-9OHMO JoMOMOEO Lszombo 2019 ol ozwoldo boyMwsbwgddo (J.
35396063960)  BoBo®gdme  39OHGHMBowol  300mL  3mE3dm3bgE,  Loog  3mesbogends
03935035 3. 09939605  bobyolidom  s©bodbs  LogMMITMEOOLM  9b5TIOMICMIOL o
39bB83MMM9B0m, LogHmMsdmMobm 3mblgblmblol dom{gzol s30wdEmMdsYY S. Endobioitum
35000 G03900L 000963H0B030M900L 3OHM (39O 3530009000 (van Leeuwen, et al., 2019).

3m030m3Bg  dgxsds 990y BoBo®mgdmwo  33¢0930L 993900,  359M0339mo

Bo3ermgobgdsbo s F9dw9dsgs dmdogwro 33930l B0dsMMgdqd0, 39MAm: 9933530
BMmb3mEOsbyogdols LogmEbaolvbs®osbmdol 39bLsBP3MOL Qo 3500MEGH03Md

0963 0x303060900LsM30L M3 OHO  IJDMEOME®Yool  bEbIMEHIdO; dmbgdos
350M3H03m5 00096E08030609d0L JoBbom dBoMmEGHIBEJOOL LEHobIMEH0DIE0s O 39MGHMBOwOL
X0389000 30dmbod0 258degmdOL Fglffagers 3N o39Mgd0L godmygbgdom (NPPO,
2019).

57599, 300ML 0BMsGJdol 30MHgbBHMBdOL  Tgbfages Mmomddol ygzgars  J399sbsdo
bmM309©adM©s  3slogMo  BEGHBIOGMWo dgoMmYdom, 803OMIZM3MEo  Bowobols
3boom. 3-4 (j9wo0s, M3 BMP0gMo J3994sbsdo o0fygl Imerg3Emeo G9dbmemyooli-Real-time
PCR 958mygqbgds. dmem bsbgddo Bo@odgdmmo 33e0939980, H™Igems 30Bsbo ogm 3sommygbol
doabom  sMLYdMEO  ORIMIBE0s300L  Tgbfagws 9699 3s00mBH03gdL  TMol  AsBLb3s39d0L
53965 BME93MWIMHO dOMEMYool FJOMPIIOm, M 3390IHows© 3oLbMBL  sOLYdIME
30mbg9dl. 439ed sdMEEHMM05d0 530l FYlodEgdEMds XIOXRIOMOOM 56 sGOL (van Leeuwen
et,al., 2019).
50b0dbme 3m®30Mm3By o093 30dmL 3333505 Jugendo BsGomeo 43994bgdols, dsom
dm60U, LogoMM39ww Ml 60dFgdoL BB YbEglio Ggdbmemyoom.
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3. 35MGHMBools 06EHMMEMEOMYIMIEo X0dgdol 30M39ws©0o d9Bsligds S.Endobioticum dmbgdcog
©5 byeomgba® 0b6ggiaon® gmbby

39OGMB0WOoL  300ML  SAOWMIMN030 303300l  Fodsmm  bb3solbzs  J39969d0sb
390m@5boo  x089d0L  253dgmdol ™bol Fgg3sligdol dobboo  33eg30L  obdsgermdsdo

Bo@o®m9dweo 0gm Lsmdmols s Bsggarg 3gd0.

b 299030000 0gm 49 x0do. Boggarg (30900 Bo@e®ms bryeml G50mbol bmggen 1533565Ls
5 9Bbmdo. Jmmbol (30900 dmgfym LsMdMOTo byeEmlb Mo0Mbol L. oEsFo®msdo, 153356500,

wBbmLS s 063353990830 F936MMm30¢00 0653030609090 605@sROL 45dmygbgdom.
3.1. %08g00L dgg3515gds b. 113356580 993ME3gErgdMero S. Endobioticum 3m3we0s300U5¢030

2017 9l bmemmb Hoombols bmggen 153356590 39M3AM 3060l bs33900Hg Imfiymdogn dobezmols
3590, 896936003 06139J30960 RMEDY odmaowo 0dbs 17 3sGEGHMBowol xodo: dMobo,
WOYS, oM, 130D, Lo@Mbs, FoMFBMBs, FoMdYW, 53005, WOMES, 0d35¢s, LoD,
3WM09@s, IGO0, X935b9MEM0,  GUEBHMIWS, 5356, 3OM3I6GHM. 3OS WIZMYJe Toobol
5Lsfiyoldo, bmerm dmbogseo s300900 bYd@gddg®do.

390M(300000 X0d9000 53509008 J0TsMm 25ddeg 5©dmMPBEs X 0dgd0: Lo3s6s o
36396@™. 15 %080 (88.2%) 0553500930L 3035100 0gm Fodwgdo (3FBO. 19). X0890DY 5350JOOL
393039900l 0639bLogMds 26.8-66.7%-0l RsMAWgddo FGMHYJMIWS. O99350JIOL  Y39esbyY
Q050 2530 (3ggds ©00bodbs x0T LoEMbsty (26.8 %) bmewm yz9ws®y dsmsero - x0d
336059 (66.7%). 51939, F50IWO Yo3MEIEYds 0Ym X0T9dDY WG, Fo6sdgw (55.6%), se356r0
(43.9%), x535b900m60 (40%), M5 (36%), arm®og@s (39%), dgbbm®o (36%), b3sGd( 34.5) s
BAHOIs (34%). 585096, oo Bmdol  (09-6, 7, 8 s 9 3wslol) 3MMIGdO ob30MIMI©S
X03890D9:  FoORMbBY, 1LISMBO, 5350, LOGMMBS, MG, dMOD, WO, JuBHMIES, 5360,
BWMO0YBO, 08350,

3gb®omo 19. 35OHEHMBowol }0dgdoL Bgogd3os 39OGHMBOEOL 30dmb 30dsMo Jobzmol (300530,
beggo 1533960

N | 396H3™Bool s c 00553500900 25630056900l 0bEHIBLOZMDY, doeno
X00J9%0 & c % c
Sl | YUl e | el el gl el el el el gl
5215 1212 121213121212/ 212| &4
OCl 2| B ¥ | U ¥ ¥ Yy ¥ ¥y Y B
g el A I IR B IR B Il =N
9 5 — N|on|l v || ol ]| ol ¢
-
1 | 3o6OHg5mbo 21 8 13 | 2 1| 4 1 5(S)
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Overview
Actuality of the Research Topic. Potato is one of the most important staple food crops in Georgia.
The main parts of potato plantations are located in mountainous areas of Western and Southern

Georgia. The crop cultivation area covers approximately 20,000 ha. Despite of potato’s importance in
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Georgia yields still remain rather low (8.3- 12.5 t/ha) due to the fact that the production of potatoes is
associated with big challenges. The most crucial of these challenges is the potato diseases and
particularly potato warts (PWD), which is caused by the obligate biotrophic, soil-borne fungal
pathogen Synchytrium endobioticum (Schilb.) Perc. As potato producers in Georgia do not practice
the local selection and seed production, potatoes are imported from Armenia, Turkey, Germany,
Iran, the Netherland, and other countries. Some potato cultivars Marfona, Picasso, Agria, Finka,
Impala introduced in Georgia in 90th years of the previous century still are cultivated despite their
susceptibility to the wart.

Synchytrium endobioticum is thought to be indigenous to Peru, where the potato originated. In
the early 1900’s S. endobioticum spread throughout Western Europe by infected seed tubers. The
pathogen included on A2 quarantine list of EPPO occurs locally in almost all countries in the EPPO
region, including Georgia where it was first reported in Georgia in 2009, without knowing the
pathotypes, at the villages of Tabakhmela and Didajara in Khulo Municipality. In 2010-2012, the
disease was found in other villages in Khulo on varieties Agria, Finka, Picasso and Marfona. Later,
disease foci were also found in various private plots in Mestia municipalities in the region of
Samegrelo-Zemo Svaneti.

Potato wart (PW) is a very harmful disease. The diseased tubers are unmarketable because of
proliferating warts on potato tubers, formed during the growing season that may continue developing
after harvest. The resting spores of the causative agent survive in soils and can be infectious for 20-50
years. Therefore, infested plots cannot be used for potato production for more than 20 years after the
detection of the pest. Yield losses may vary between 50-100 % under conditions favorable to the
disease development.

Furthermore, the fungus develops new pathotypes that are a serious threat to disease control
because a new pathotype can infect already existing resistant potato varieties to PW. Today, about 40
different pathotypes of the fungus have been known. Among them, the pathotypes 1(D1), 2(G1),
6(01), 8(F1) and 18(T1) are the most important in Europe.

To prevent the disease spread, it is very important to timely detect and identify the wart causal
organism and its pathotypes, determine the distribution area, incidence and severity of the disease.
Due to the fact that chemical control of the pathogen in the soil is almost imposible, the only
available strategy to prevent further spread of the disease is to apply strict phytosanitary measures
combined with the cultivation of potato varieties resistant to the pathotypes present in the infested
fields.

Research Aim and Objectives. The aim of this research was to study the peculiarities of the
development and the distribution of Synchytrium endobioticum (Schilbersky) Percival), the causal
agent of the Potato Wart Disease (PWD) in Georgia. Moreover, the study aimed to determine the
resistance of potato cultivars to Georgian population of Synchytrium endobioticum.

In order to achieve the aim of the present study, many research activities were carried out in
accordance with the following objectives/tasks:

Task 1. Determination of the area of distribution of potato wart, quarantine zones, and disease
incidence and severity;

Task 2. Identification of the causal agent of Potato Wart, S. endobioticum using classic and molecular
methods ;

Task 3. Identification of the pathotypes of S. endobioticum using international differentials;
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Task 4. Screening of potato cultivars for resistance to the wart (S. endobioticum) under natural and
artificial condition (inoculation with the fungus).

Scientific Novelty. For first time in Georgia, it was possible to determine the distribution area of
potato wart and the degree of soil infestation in the area of the disease, to identify the pathotypes of
the fungal pathogen in certain loci of the disease in the Municipalities of Khulo and Mestia.
Moreover, to determine the quarantine zones and also to test the resistance level of potato varieties to
the disease.

Theoretical and Practical Significance. The present study is important from the theoretical and
practical point of view, as the results are very valuable for developing methods, means and strategies
for protecting potatoes from PWD. The study meets the obligations which are defined by the
resolution No. 305 of 2015 of the Georgian Government on Control of PWD. The results of the
present study will be of assistance for the Ministry of Agriculture, other Governmental Organizations
and private companies in terms of disease management and control strategies, decision making and
control of the imported potato varieties into Georgia.

Approbation of Work. The research results were presented on the International Conferences as a
poster and oral presentation:

1. "Potato Wart Workshop", Wageningen, The Netherlands, June 26-28, 2019;

2. International Conference: Microbes and their Viruses: "Ecology, Diversity, Use", Tbilisi, Georgia,
September 22-27, 2019;

3. International Conference: "Plant Protection and Quarantine", Ukraine, 2018;

4. IX International Scientific Agroculture Symposium “AGROSYM 20187, At Jahorina, Bosnia-
Herzegovina, October 3-6, 2018.

5. Approbation of the dissertation was held on October 1, 2019 at the meeting of Department of
Agroecelogy and Forestry of the Faculty of Technologies of BSU (# protocol 2).

3 scientific papers were published in the refereed national and international scientific journals and in
conference proceedings, and 3 are accepted for the publication.

The Structure of the Thesis. The work consists of the following sections: Introduction, Literature
Review, Materials and Methods, Results and Discussion, Conclusions, Recommendations, References.
The thesis consisted of computer-printed 135 pages in Georgian language, 37 tables, 8 diagrams and
16 figures. The bibliography of the PhD thesis is consisting of ___ sources in Georgian, Russian and
English languages.

Content of Dissertation
I. Literature Review
In literature review 186 references are analyzed on particular topic. It gives the state of current
knowledge, an overview of key findings, concepts and developments in relation to a research

problem or question.

L Research Material and Methodology
The place and conditions of the research. The main part of the research was carried out in laboratory
and greenhouse conditions at the Institute of Phytopathology and Biodiversity (IPB) of Batumi Shota
Rustaveli State University. The field experiments were established in villages of Khulo municipality.
Also, the part of the laboratory researches was conducted by collaboration with the Ukrainian Plant
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Quarantine Scientific Research Station and the Reference Center of National Plant Protection
Organization of the Netherlands. The research was partly supported by the PhD grant
(PhD_F_17_54) of National Scientific Foundation of Georgia.

The research material - samples of infested soil and diseased potato tubers collected from different

villages of the municipalities of Kulo and Mestia, an international set of differentials for the
identification of the wart pathotypes, as well as 49 introduced potato cultivars, were used as research
material. Among them, 16 varieties (Marfona, Impala, Sante, Elmundo, Silvana, Artemis, Carlita,
Alvara, Red Fantasy, Spunta, Arizona, Fabula, Arinda, Pecaro, Panamera, Provento) are Dutch
varieties; 22 varieties (Marabel, Europrima, Bernadette, Agria, Magda, Omega, Captiva, Nandina,
Catania, Analena, Leandra, Glorietta, Jelly, Laura, Caruso, Finca, Florente, Milva, Cardinia, Coronada,
Estrella, Andrea) are German varieties; 4 varieties ( Figaro, Saturna, Arnova, Sofia) are British
varieties, 4 varieties (Scarb, Lilea, Uladar, Briz) are Belarusian varieties and 3 varieties (Meskhuri,
Javakheturi and Meskhuri Tsiteli) were selected from nurseries of CIP by Georgian Agricultural
Research Center in 2010-2012.

Research Methodology. The standard diagnostic protocols of EPPO (European and Mediterranean
Plant Protection Organization) were used for carrying out the research tasks:

1. OEPP/EPPO Standards: Phytosanitary procedures of Synchytrium endobioticum: Soil Tests and
Descheduling of Previously Infested Plots, PM 3/59, 1999;

2. OEPP/EPPO Standards: Diagnostic protocols for regulated pests, PM 7/28, 2004;

3. OEPP/EPPO Standards: PM 7/28 (2) Synchytrium endobioticum, 2017;

4. OEPP/EPPO Standards: PM 3/59 (3) Synchytrium endobioticum: descheduling of previously
infested plots, 2017.

In order to determine the area of distribution of potato wart, quarantine zones, and disease
incidence and severity, an expeditionary study of potato fields was carried out in the main potato
producing regions of different geographical areas of Georgia (Adjara, Kvemo Kartli, Samtskhe
Javakheti and Svaneti). Most potato fields were examined over 2016 — 2018 growing seasons during
the plants growing, along with the harvesting and storage of potato tubers.

According to Forrest, disease intensity (%) in a specific geographically selected region is
calculated by dividing the number of disease foci by the total number of geographical locations

inspected in the region X 100. Disease intensity (%) in a field is calculated by the formula: P = #,

where P is disease intensity in the field (%), N- total number of registered plants (tubers), n- number
of diseased plants (tubers).

The disease severity was assessed for each potato plant according to the number and size of the
warts using the scale consisting of nine classes as introduced by the EPPO Diagnostic protocol (EPPO,
2004). Disease intensity indicators, recorded during the investigation of fields in 2016-2018 were
calculated by statistical analysis of variance, as well as mean values and their error rates were
calculated. According to the results obtained from the field tests in the villages of Skvana and
Uchkho, the disease index or infection index was calculated using the formula: the intensity of
disease development (%) = {Sum of total evaluation / Total evaluation X maximum category (grade)}
X 100.

During the growing season, the aboveground parts of the plant were examined for potato warts.
Visual inspection of potato tubers was carried out during harvest and storage. Potato warts developed
on the aboveground and subterranean parts of the plants were evaluated according to the size and
number of warts.
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Soil samples collected from potato plots according to PM 3/59 (2) method of the international
standard diagnostic protocol of EPPO and infected plant material were were registered in a catalog of
the IPB’s Culture Collection.

Plant samples were examined for the presence of summer sporangia and resting spores of the
pathogen in the laboratory using a stereomicroscope according to the EPPO protocol.

Identification of sporangia of the pathogen in soil samples and determination of the degree of soil
infestation were carried out in accordance with OEPP / EPPO standard PM 7/28.

Specific Polymerase chain reaction (PCR) was conducted for the accurate identification
of Synchytrium endobioticum in some samples according to Van der Boogert et al. (2005).

Screening of the introduced potato varieties for resistance to PWD was carried out using pot and
field tests.

Glynne-Lemmerzahl and Spieckermann, as well as pot and field tests, and as well as a set of
seven differential cultivars (Gawin, Deodara, Producent, Delcora, Belita, Talent, and Saphir)
recommended by EPPO diagnostic protocols in 2004 and 2017 were used for the identification of the
Georgian pathotypes.

Spieckermann test. Spieckermann method involved the preparation of compost (mixture of resting
spores and sand) was liberated from warts collected during potato field observations. The compost
was ready after 6-8 months. The results of Spieckerman test were scored after 8§ weeks’ incubation of
inoculated tubers according to the scale which is subdivided into categories (Table 1). Also, fresh
wart material was produced by inoculating tuber blocks (2 x 2 x 2 cm) of cv. Deodara. Compost was
used to inoculate susceptible cultivars in order to produce fresh warts for Glynne-Lemmerzahl
method.

Table 1. The Spieckermann Scale

0 No reaction visible
Type —, or 1 Early defence necrosis
Type 2 or P Late defence necrosis
Type3orF Very late defence necrosis
type 4 or R Weakly susceptible
type 5 I (2-3 mm diam)
or susceptible IT (4-5 mm)

III (6-7 mm)

IV (8-10 mm)

V (11-15 mm)

X (1620 mm and bigger)

Glynne Lemmerzahl test. In contrast, the Glynne-Lemmerzahl method uses fresh wart tissue kept in
close contact with emerging sprouts (EPPO, 2004). Fresh wart materials collected directly from
infested fields and infected tuber blocks of the cultiavar “Deodara” were used for pathotype
identification. A set of seven differential cultivars with three replications were inoculated with the
fungus and incubated for six weeks in a growth chamber at a constant temperature of 18°C (+1°C).
PWD was assessed according to the scale used for the Spieckermann test.

Pot tests. Soil samples originating from the infested fields of Didajara, Uchkho, Skvana,
Dzirkvadzeebi and Ushguli villages were placed into pots of 5 L size, infected with PWD inoculum.
Tubers of each differential cultivar were planted per pot with three replications including the cultivar
“Marfona” as a positive control (PC). The temperature and the relative humidity in the glasshouse
ranged from 18 to 20°C and 70-85%, respectively. The susceptibility of the tested cultivars to the
fungus was assessed using the Spieckermann scale.

Field Test. The field tests were conducted in 2017 at the village Skvana (1291 m above sea level,
N41*32.875, E04*29.098) and in 2018 at the village Uchkho (1083 m above sea level, N41*40.969,
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E042*18513). The susceptible and resistant reactions of potato varieties to wart were observed with a
stereo microscope and the disease severity (reaction types of tested cultivars) were scored by using 1-
9 scale (Table 2) and classified according to the scheme of Langerfeld et al. (1994) by measuring the
size and the number of warts. Even when only a single wart with winter sporangia has been formed,
the cultivar should be rated as susceptible.

Table 2. The scale for evaluation of the disease severity

Class Reaction of potato cultivar
1 Tubers not affected
2 Single proliferation (<5 mm)
3 2 or 3 proliferations (<5 mm) or a single large proliferation (5-10 mm)
4 Several small warts (5-10 mm)
5 Several medium-sized warts (>10 mm)
6 Several large warts, at least one of these being >10 mm, and beginning deformation of
the tuber
7 Large warts with a diameter of >10 mm and disruption of tuber formation
8 Very large warts, but individual tubers still recognizable
9 Very large warts, no normal tubers present

The technical regulation for potato wart control (N°305, 2015- 25-06) officially adopted by the
Georgian government was taken into account when conducting research activities.

In accordance with Resolution No. 305 of the Ministry of Agriculture of Georgia and EPPO
protocol (PM 3/59 (3), the area where at least one potato plant had signs of PWD symptoms or at least
one sporangium was detected in the soil, should be demarcated and declared as a quarantine zone.

IL. RESEARCH RESULTS AND DISCUSSION

3. Detection of the Pathogen, Determination of Distribution Areas and Quarantine Zones of
Potato Wart Disease in Georgia

In order to study the disease incidence and severity, we conducted systematic surveys of potato
fields during the growing seasons, harvest and storage in 2016-2018 in four geographical areas of
Georgia: Adjara (Khulo), Samtskhe-Javakheti (Akhaltsikhe, Adigeni, Akhalkalaki), Kvemo Kartli
(Marneuli) and Svaneti (Mestia). In 2016-2018, a total of 136 fields were surveyed in four
geographical regions of Georgia. Among them 82, 20, 12, 14 and 8 fields were examined in the
municipalities of Khulo, Akhaltsikhe, Akhalkalaki, Marneuli and Mestia. The examined fields were
located at an altitude of 400-2100 m above sea level. 64 and 5 fields were respectively infected in
Khulo and Mestia municipalities. Therefore, the disease intensity was 78% in Khulo and 62.5% in
Mestia (Figure 1). The disease intensity and severity in each municipality varied according to the
fields studied.
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Figure 1. Number of fields infected by potato wart by regions: A - the number of sites examined,
B - the number of infected sites

In addition to the surveyed plots located in the Akhaltsikhe, Adigeni, Akhalkalaki and Marneuli
districts, farmers and relevant services in the municipal government were interviewed for potato
warts. As a result of this study, PW was not found in theses municipalities.

The mean and e standard errors of the disease incidence of examined fileds were calculated in
each year. The average of the disease incidence was 35.2+ 12.0 in 2016, 24.4+12.4 in 2017, and
48.0+7.0 in 2018.

According to the potato fields and storages studied in the Khulo region, the disease severity varied
between 1-9 klasses. Small (2-4 classes) and medium (5 class) proliferation of warts distributed
mainly in the fields. According to field trials conducted in Khulo in 2017-2018, the average disease
index was 53.8%.

Potato plots were surveyed in some villages of Latal and Ushguli in Mestia Municipality during
harvest on October 8-9, 2018. According to external symptoms, disease severity on potato tubers was
observed in the village of Ushguli, but there were no warts in the village of Latali. We examined 5
private plots in Ushguli village. The mean of disease severity was 30.3 + 13.7 in Mestia.

Except for plant material, soil samples were collected. Specifically, samples were taken in 42
villages of Khulo district: Adadzebi, Alme Vashlovani, Akhalubani, Bodzauri, Begleti, Geladze,
Gorgadzebi, Gurdzauri, Daniparauli, Dekanashvilebi, Diakonidzeebi, Didachara, Dioknisi,
Vanadzeebi, Vashakmadzeebi, Mtisthina, Mintadzeebi, Namonastrevi, Okruashvilebi, Kochalidzeebi,
Rakvta, Riketi, Skvana, Tunadzeebi, Tabakhmela, Uchkho, Pachkha, Pushkurauli, Kveda alme,
Kurduli, Ghorjomi, Kinchauri, Shuasopeli, Dzmagula, Tsablana, Tcheri, Dzirkvadzeebi, Joidzeebi, and
Ushguli and Latali in Mestia region.

Detection of the pathogen in plant samples. During the potato field surveys conducted in the
Municipalities of Khulo and Mestia, cauliflower-like warty proliferations of different shapes and sizes
were observed on potato stolons, stem bases and tubers. Warts of various sizes (2-20 mm) occurred on
potato tubers obtained initially whitish color and then gradually were darkened and eventually were
rotten and decayed. Above-ground warts occurred on potato plant stem bases were initially green but
they became black later in the season. Symptoms of the PWD were not observed on the roots and
leaves of the potato plants. The presence of the pathogen in samples of infected plants was
determined by microscopic analysis and specific polymerize chain reaction (PCR).

As a result of microscopic analysis, the spherical to ovoid in shape, 50 pm in diameter, aseptate,
golden brown, thick-walled winter sporangia were observed in plant tissue. PCR identification of S.
endobioticum in plant samples was carried out using F49 and R502 primer. PCR products were
electrophoresed in 1% agarose gels stained with ethidium bromide. DNA extraction from S.
endobioticum produced amplicons of 472 bp.

Detection of the pathogen in soil samples and determination of the degree of soil infestation by the
pathogen. In order to determine the degree of soil infestation in different villages of Khulo
and Mestia municipalities, soil samples were taken from different potato fields. As a result of
the examination of soil samples, the fungus was detected in 25 villages of Khulo municipality
and 2 villages of Mestia municipality (Table 4).
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Table 3. Degree of soil infestation by Synchytrium endobioticum in Khulo and Mestia regions

N Observed locations Average number of spores in 1 g of soil
Villages in Khulo municipality

1 Beghleti 0

2 Alme (Vashlovani) 2.7 + 0,46

3 Didajara 1.7 +0,93

4 Tabakhmela 3.3 +1,56

5 Gorjomi 2.3+0,93

6 Tkhilvana 1.7 £+ 0,47

7 Danisparauli 2.7 + 0,46

8 Diakonidzeebi 3.3 £1,56

9 Mtisthina 1.7 + 0,47

10 Vanadzeebi 1.0+20

11 Dekanashvilebi 1.7 + 0,47

12 Kurduli 0.7 0,27

13 Joidzeebi 2.3 £1,27

14 Kochalidzeebi 3.0 0,44

15 Mekeidzeebi 1.7 0,47

16 Mintadzeebi 0.7 0,27

17 Tsablana 1.0+2.0

18 Purshukaili 1.0 £ 2.0)

19 Skvana 7.0 +0,81

20 Dioknisi 5.3 +2,05

21 Rakvta 5.0 £0,43

22 Uchkho 4.3 +1,01

23 Dzirkvadzeebi 4.3 +1,01

24 Okruashvilebi 2.3 +.1,27

25 Iremadzeebi 4.7 + 0,47

26 Geladzeebi 0

27 Gorgadzeebi 0

28 Gurdzauli 0

29 Elelidzeebi 0

30 Vashaymadzeebi 0

31 Bodzauri 0

32 Mezalashvilebi 0

33 Namonastrevi 0

34 Riketi 0

35 Tunadzeebi 0

36 Pachkha 0

37 Kinchauri 0

38 Shua Sopeli 0

39 Dzmagula 0

40 Tcheri 0
Villages in Mestia Municipality

1 Ushguli 14.7 +2,05

2 Latali 1.7 +0,47
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The degree of soil infestation was different in the samples taken from different fields. The number
of 1-5 sporangia/g soil was detected in private home gardens of the following villages located in
Khulo Municipality: Didajara (3 sporangia/g soil), Mtistina (2 sporangia/g soil), Vanadzeebi (1
sporangium/g soil), Alme (Vashlovani) (3 sporangia/g soil), Dekanashvilebi (2 sporangia/g soil),
Kurduli (1 sporangium/g soil), Joidzeebi (3 sporangia/g soil), Kochalidzeebi (4 sporangia/g soil),
Mekeidzeebi (2 sporangia/g soil), Diakonidzeebi (4 sporangia/g soil), Mintadzeebi (1 sporangium/g
soil), Tsablana (1 sporangium/g soil), Uchkho (5 sporangia/g soil), Dzirkvadzeebi (5 sporangia/g soil),
Okruashvilebi (3 sporangia/g soil), Purshukauli (1 sporangium/g soil), Danisparauli (3 sporangia/g
soil), Gorjomi (2 sporangia/g soil), Iremadzeebi (5 sporangia/g soil), Tabakhmela (3 sporangia/g soil),
Tkhilvana (4 sporangia/g soil), as well as in private homegarden of village Latali of Mestia
Municipality (2 sporangia/g soil). 6-10 sporangia/g soil were detected in private homegardens of the
following villages of Khulo Municipality: Skvana (8 sporangia/g soil), Dioknisi (8 sporangia/g soil),
Rakvta (6 sporangia/g soil), as well as in village of Ushguli of Mestia Municipality (17 sporangia/g soil)
(Figure 2). As Table 4 shows, the average number of sporangia per gram of soil identified in each
sample was calculated.

The pathogen was not detected in soil samples collected from private homegardens of the
following villages located in Khulo municipality: Begleti, Bordzauri, Geladzeebi, Gorgadzeebi,
Gurdzauli, Elelidzeebi, Vashaymadzeebi, Mezalashvilebi, Namonastrevi, Riketi, Tunadzeebi,
Pachkha, Kinchauri, Shua Sopeli, Dzmagula and Tcheri (Table 4, Figure 2).

So, the highest level of soil contamination was observed at the village of Ushguli in the
Municipality of Mestia and at the villages of Skvana, Rakvta and Dioknisi in the Municipality of
Khulo.

According to the resolution No. 305 of the Ministry of Agriculture of Georgia and EPPO protocol
(PM 3/59 (3), the area, where at least one potato plant was infected by wart and at least one
sporangium was detected in the soil, have to be demarcated and declared as a quarantine zone. So, in
accordance with the results of this study, the private home gardens of 25 in Khulo municipality and 2
villages of Mestia municipalities have to be demarcated and declared as quarantine zones, as well as
potato varieties should not grow for at least 20 years since the last detection (EPPO, 2017) in these
locations. In addition, according to EPPO protocol (PM 3/59 (3), partial descheduling of these
quarantine zones may be obtained after 10 years if bioassays should give negative results and fewer
than five viable spores per gram of soil should be found by direct examination, where the resistant
potato cultivars to the pathotype present have to be grown
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Figure 2. The guarantine zones in Mestia (a) and Khulo (b) municipalities

According to the monitoring and laboratory tests of plant material and soil samples, it was
concluded that the distribution area of S. endobioticum is limited in Georgia, as it covers only the
northern part - Svaneti Municipality and the western part - Khulo Municipalities (Figure 3).
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Figure 3. Distribution area of potato wart disease in Georgia
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4. The Identification of the Pathotype of S. endobioticum
To identify pathotypes of potato wart disease, studies were conducted in the laboratory, the
greenhouse and fields using international standard methods: biotest, pot and field tests. The
population of S. Endobioticum, distributed in the villages of Didajara, Skvana, Uchkho and
Dzirkvadzeeebi in Khulo Municipality and in the village of Mestia Municipality, was studied using
these methods.
2.1. Analysis of the Population of S. endobioticum Distributed in Didachara Village.
To identify the pathotype present, compost was prepared using warts collected from private plots in
Didadjara village, Khulo municipality in 2013-2014. The isolate was coded pw13. The origin of this
isolate was from the same village as the isolate pw13N, which was tested in the Netherlands, but the
field of origin was different. For pathotype identification, the Spieckermann and pot tests were
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conducted in the Department of Resistance Genetics at the Institute of Phytopathology and
Biodiversity(IPB) of Georgia in 2016-2017, and the Spieckermann (in 2017) and Glynne-Lemmerzahl
(in 2016 and 2017) tests were carried out at the National Reference Centre (NRC) in Wageningen, the
Netherlands. A set of eight differential cultivars: Gawin, Deodara, Producent, Delcora, Belita, Talent
and Saphir were used in both cases. After an incubation period tubers were evaluated under a
stereomicroscope for their reaction according to the scale used for the Spieckermann test.

Isolate tested in Georgia by Spieckermann test. The results of the laboratory test are given in Table 5.
As shown from the table susceptible reactions were recorded on differential cultivars: Deodara,
Producent, Talent and Saphir in both 2016-2017 laboratory tests. From 34 and 35 tubers of cv.
Deodara 24 and 26 tubers were susceptible with different types of reaction in 2016 and 2017 tests,
respectively. The majority of tubers of cultivars Producent and Talent were susceptible with wart
types I-IV. Small warts (I-III types) were recorded on differential Saphir. Cultivars Gawin, Delcora
and Belita showed resistant reaction.

Table 5. Reaction of isolate pw13 originating from Didadjara, Khulo region tested on a set of
differential cultivars in Georgia using Spieckermann — test

N 5 . . '%
23 o] :

% 4 dg % L‘g '§ " Resistant % §* Susceptible — S = E

& g 2 3 2§ S g

A g & 3 1 2[3] 4 5

oo |-|P|F R I o fm|v][v][Xx
Results of 2016 test
1 Gawin 38 0 38 R
2 Deodara 34 24 9 1 4 7 7 5 1 S
3 Producent 37 27 10 6 9 7 4 1 S
4 Delcora 24 23 R
5 Belita 20 20 R
6 Talent 25 19 5 1 2 4 7 5 1 S
7 Saphir 28 14 14 2 4 5 3 S
p.c | Marfona 30 22 6 1 1 1 4 4 5 3 5 S
Results of 2017 test

1 Gawin 40 0 40 R
2 Deodara 35 26 9 3 5 8 5 5 S
3 Producent 40 29 11 5 9 6 5 3 1 S
4 Delcora 24 0 23 1 R
5 Belita 23 0 22 1 R
6 Talent 27 20 5 2 3 5 5 5 2 S
7 Saphir 29 16 13 3 3 6 4 S
p.c | Marfona 30 24 4 1 1 3 6 5 4 3 3 S

Pot test. The results of the pot test are shown in Table 6. Cultivars Deodara, Producent, Talent and
Saphir were susceptible and Gawin, Delcora and Belita showed resistance.

Table 6. Reaction of differentials to isolate pwl3 S. endobioticum originating from the village
Didadjara, Khulo municipality using pot test

N Differential “ o “ . Weakl Susceptible Reaction
. 1) ﬁ 7] o % 3 Resistant y
cultivars —é ,.E 'g —g ,E 8 Susceptible
ZS 8 |Z2%% | o |-|P|F R 1| o |m|w|v|x
1 Gawin 21 - 21 R
2 Deodara 19 12 6 1 1 2 3 5 S
3 Producent 18 9 9 1 4 2 2 S
4 Delcora 20 20 R
5 Belita 20 20 R
6 Talent 23 15 8 3 7 5 S
7 Saphir 21 8 12 1 5 3 S
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Isolate tested in the Netherlands. The first pleminary tests started in 2016. Overall, only two large
warts (category X) were observed on cv. Deodara, and one small wart (type III) on cv. Producent. In
2017, tests with Spieckermann and Glynne-Lemmerzahl were both successful (Table 7 and 8).
However, in the Spieckermann test all differentials showed wart formation, except cv. Belita (Table
7). This pattern did not match with any of the pathotypes mentioned in Table 1 of Appendix 5 of
EPPO DP (EPPO, 2017). Exactly the same pattern was observed in both repetitions of Glynne-
Lemmerzahl testing: wart formation on the differential cultivars Deodara, Producent, Saphir and
Talent, not on Belita (Table 8).

Table 7. Reaction of the isolate from Georgia, pwl3N, tested on a set of differentials in
Spieckermann—test (The Netherlands, 2017)

Differential Noofeye | Rotten, | Numbers of eye fields in various reaction categories
Cultivars Ppieces missing
Resistant (0 up to class F)
Susceptible (R up to X)

ol -] P JFIrR[ T ] 1m [m] v ]|V ] X
Tray 1:
Saphir 61 2 14 13 32
Deodara (p.c.) 9 3 5 1
Producent 55 3 18 12 22
Tray 2:
Belita 55 39 | 16
Deodara (p.c.) 9 3 2 4
Talent 59 2 6 5 19 14 13

Table 8. Reaction of the isolate from Georgia, pw13N, tested on a set of differentials in Glynne-
Lemmerzahl test in the Netherlands in 2017

Differential Noofeye | Rotten, | Numbers of eye fields in various reaction categories
Cultivars pieces missing
Resistant (0 up to F) Susceptible (R up to X)

0 - P F| R I I I v A% X
SERIES A.
Tray 1:
Deodara (p.c.) 10 6 3 1
Belita 17 12 | 2 3
Talent 16 4 6 2 1 1 1 1
Tray 2:
Producent 15 8 3 1
Saphir 17 6 4 1 2 4
Deodara (p.c.) 9 4 2 3
SERIES B.
Tray 1:
Deodara (p.c.) 10 2 3 3 1 1
Belita 16 8 7
Saphir 16 4 6 1 1 2 1 1
Tray 2:
Deodara (p.c.) 10 5 1 1 1 2
Talent 16 7 5 2 1
Producent 16 9 3 1 2 1
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2.2. Analysis of the Population of S. endobioticum Distributed in Skvana, Uchkho and Dzirkvadzeebi
Villages of Khulo municipalitety

Glynne Lemmerzahl test. Table 9 shows the results of the Glynne-Lemmerzahl test in 2018-2019. The
cultivars Deodara, Producent, Talent and Saphir expressed similar susceptible response to the isolate
pw 15, originating from the village of Uchkho, results which were obtained in the pot tests.
However, the size of wart proliferations varied within the three tests. In contrast, cultivars Gawin,
Delcora and Belita expressed a resistant response.

Table 9. Reactions of differentials to isolate pw16 originating from the village of Dzirkvadzeebi,
Khulo municipality using Glynne Lemmerzahl test

N 5 ,.8 Weakly Susceptible —S
[ - a
2 g 3 Resistant Susceptib
?2 33 g3 esis uscep -
E w 5 B o> le 8
o [<2 a1 [ =]
(= - D o ™ Q
Q [T ] - 2 5
& < 3z g —E 1 2 3 4 5 &
a E © | g
4 0" - P F R I I I v A\ X
1 Gawin 15 0 5 R
2 Deodara 15 8 1 2 3 2 S
3 Producent 15 7 2 2 3 S
4 Delcora 15 0 1 4 R
5 Belita 15 0 5 R
6 Talent 15 6 2 1 2 1 S
7 Saphir 15 6 5 1 S

Pot tests. The results of the pot tests are presented in Tables 10, 11 and 12. Cultivars Deodara,
Producent, Talent and Saphir were susceptible with different type of response to isolates: pw 14
originating from the village of Skvana, pw 15 originating from the village of Uchkho and pw 16
originating from the village of Dzirkvadzeebi. In contrast, the cultivars, Gawin, Delcora and Belita
expressed a high resistant response.

Table 10. Reactions of differentials to isolate pw14 originating from the village of Skvana, Khulo
municipality using pot test

N - Susceptible -S
- _E 3 " .E . Weakl?r
B ET o B Resistant Susceptib g
g ] Lo 8 le ‘g
i 48 | E% 6 3
g =3 é’ ] ~
A '25 & e 1|23 4 5
0 - F I I III v \' X
1 Gawin 15 0 15 R
2 Deodara 15 9 6 1 3 1 4 S
3 Producent 15 5 3 5 2 2 1 2 S
4 Delcora 15 0 15 R
5 Belita 15 0 15 R
6 Talent 15 8 3 4 1 2 5 S
7 Saphir 15 4 2 6 3 3 1 S
P.C. Marfona 15 3 3 2 3 4 3 S
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Table 11. Reactions of differentials to isolate pw15 originating from the village of Uchkho, Khulo
municipality using pot test

N 0 Susceptible -S
" E o ‘é{ Weakly
= g g B g Resistant suscepti a
SRR RN B
& 2y | B3 g
A g % Z § 1 2 3 4 5 ~
“ g 0’ - P F R I II III v \'% X
1 Gawin 20 0 20 R
2 Deodara 16 10 6 4 3 3 S
3 Producent 21 9 5 3 4 1 2 4 S
4 Delcora 15 0 15 R
5 Belita 8 0 0 R
6 Talent 14 10 1 2 1 2 5 3 S
7 Saphir 17 7 3 5 2 4 3 S
P.C. Marfona 18 11 7 1 4 2 S

Table 12. Reactions of differentials to isolate pw16 originating from the village of Dzirkvadzeebi,
Khulo municipality using pot test

N o Susceptible -S
g 2 Weakly
c s E é 2 Resistant Susceptib o
&g é 5 E % 1 2 3 4 5 E
A 5 & E
z ° | B .
4 0 - P F R I II 111 v \% X
1 Gawin 34 0 34 R
2 Deodara 15 3 5 1 6 3 S
3 Producent 33 18 10 2 3 1 7 2 3 5 S
4 Delcora 15 0 15 R
5 Belita 17 0 17 R
6 Talent 16 5 2 5 4 4 1 S
7 Saphir 17 3 5 2 7 2 1 S
P.C. Marfona 18 9 5 3 1 2 4 2 1 S

Field Tests. The results of field tests in the years 2017 and 2018 are presented in Table 13 and 14. In
both field tests, the cultivars Deodara, Producent, Talent and Saphir were susceptible to PWD.
Particularly, in “Deodara” 21.8% and 6.6% of the tubers were susceptible expressing different levels
of susceptibility. The predominant wart symptom in the first tests was a single proliferation <5mm
(class 2 - S), and single large proliferation (5-10 mm) (class 3 — S) in the second test. In “Producent”
20.7% and 16.3% of the tubers were susceptible. The predominant wart symptom in both tests was a
single proliferation >5mm (2 - S). In “Talent” 9.8% and 16.3% tubers were susceptible. In the first
test, the predominant wart symptom was very large warts (class 9-S), and a single large proliferation
(5-10 mm) (class 3 — S) in the second test. In “Saphir” 10.2% and 7.0% of the tubers were susceptible.
The predominant wart symptom in the first tests were 2 or 3 proliferations (<5 mm) (class 3 — S), and
a single proliferation >5mm (class 2 - S) in the second test. On the contrary, the cultivars Gawin,
Delcora and Belita expressed high resistance.
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Table 13. Reactions of differentials to potato wart using the field test in Skvana village, Khulo
municipality, 2017

N Differential = Disease severity (Scale 1-9)
. Y 5 &
cultivars =3 w 8
g ° 3 a
“6' 8 ,E o ] g %) %) %) » g 73 g @ 7 % g
>~' (7] (7] (7] w (7] @ (7] =
321898 5 |4 |3 |42 |2 |33 |4 |3 %%
g z 2 — ~ o -« " "=} ~ © N 69
5 [ g
4
1 Gawin 244 0 9 235 0 0 0 0 0 0 0 0 1(R)
2 Deodara 303 66 18 219 17 20 9 0 0 5 9 6 3(S)
3 Producent 276 57 0 219 31 8 1 5 9 3 0 0 2(S)
4 Delcora 188 0 4 184 0 0 0 0 0 0 0 0 1([R)
5 Belita 210 0 5 205 0 0 0 0 0 0 0 0 1([R)
6 Talent 204 20 0 184 1 3 3 1 0 2 4 6 9 (S)
8 Saphir 235 24 0 211 6 8 2 1 0 3 3 1 3(S)
P.C. | Marfona 24 7 0 17 2 3 0 0 0 0 0 2 3(S)

Table 14. Reactions of differentials to potato wart using the field test in Uchkho village, Khulo
municipality, 2018

N = - “ " Disease severity (Scale 1-9)
E=I s28 | 538 | g o
g £ 22T | 2g? 3 2 2 2 2 2 2 2 2 2| 38
5 |e3g|cs8E |5 |3 |44 |5 |2 |5 |5 |88 8¢
A Zz B = Z. B — o~ o < n © ~ © o | o0&
1 Gawin 331 0 0 331 0 0 0 0 0 0 0 1 (R)
2 Deodara 271 18 0 253 15 3 0 0 0 0 0 0 2 (S)
3 Producent 343 56 14 273 25 10 3 4 1 11 1 1 2 (S)
4 Delcora 226 0 0 226 0 0 0 0 0 0 0 0 1 (R)
5 Belita 145 0 0 145 0 0 0 0 0 0 0 0 1 (R)
6 Talent 178 29 0 149 10 19 0 0 0 0 0 0 3 (S)
8 Saphir 115 8 0 107 8 0 0 0 0 0 0 0 2 (S)
P.C. Marfona 21 5 0 16 1 0 0 4 0 0 0 0 5 (S)

Differential cultivars showed the similar levels of susceptibility in the field, pot and Glynne-
Lemmerzahl tests (Table 15). The differential cultivars Deodara, Producent, Talent and Saphir were
susceptible to the isolates pw 14, pw 15 and pw 16 originated from the villages of Skvana, Uchkho
and Dzirkvadzeebi, respectively. Furthermore, the cultivars Gawin, Delcora and Belita expressed a
resistant response to the above-mentioned isolates.

Similar susceptibility levels were obtained by comparing the susceptibility results with the
standard differential cultivars set referred in EPPO Diagnostic protocol (EPPO, 2017), while in these
tests we used one extra differential cultivar the “Delcora”. Based on the results it is concluded that the
pathotype, found in the villages of Didajara, Skvana, Uchkho and Dzirkvadzebi, resembles the
pathotype 38 (Nevsehir) in its responses.

Table 15. Overall results of susceptibility levels of the differential cultivars to the pathotype
38(Nevsehir) using field, pot and Glynne-Lemmerzahl tests

N Differential Isolate pw 14 (origin vill. Isolate pw 15 (origin Isolate pw 16
cultivars Skvana) vill.Uchkho), (Origin vill. Dzirkvadzeebi)
? ) b = = | =8
= 8 & g g £E S
=] o =} - - g =
— i) > =
2 s & & = CRCES
1 Gawin R R R R R R
2 Deodara S S S S S S
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3 Producent S S S S S S
4 Delcora R R R R R R
5 Belita R R R R R R
6 Talent S S S S S S
7 Saphir S S S S S S
PC Marfona S S S S S -

2.3. Analysis of the Population of S. endobioticum Distributed in Ushguli, Mestia Municipality.
Infected tuber and soil samples collected from the infested loci in the village of Ushguli of the
municipality of Mestia were used in the laboratory and pot tests to identify the pathotype. Glynne—
Lemmerzahl test was conducted in the laboratory in 2018-2019. Infected tubers collected in the
infested foci of the village of Usguli were used for the compost (Table 16).

Table 16. Reactions of differentials to isolate pw17 originating from the village of Ushguli, Mestia
municipality using Glynne Lemmerzahl test

Differential Numbers of Reactions of differentials
cultivars tubers Resistant (0 - F) Susceptible (R-X)
o [ - TPl FlRJI1 ] n]m]uw]Vv]

Test 1

Gawin 14 14 R
Deodara (p.c.) 12 5 1 3 1 S
Belita 14 14 R
Delcora 15 15 R
Talent 16 13 3 R
Producent 15 3 2 1 S
Saphir 14 7 3 2 2 S
Test 2

Gawin 15 14 R
Deodara (p.c.) 14 9 1 2 2 S
Belita 15 15 R
Delcora 15 15 R
Talent 15 14 R
Producent 13 10 2 1 S
Saphir 15 6 1 3 3 2 S
Test 2

Gawin 16 14 2 R
Deodara (p.c.) 10 7 2 1 S
Belita 16 16 R
Delcora 16 16 R
Talent 13 13 R
Producent 14 8 4 2 S
Saphir 14 7 2 2 2 1 S

As the table 17 shows, cultivars Gawin, Delcora, Talent and Belita were resistant to PWD (pw17),
and cultivars Deodara, Producent and Saphir showed a weakly susceptible and susceptible reaction.
In accordance with the Pot test results (Table 17) the most of the tubers of cultivars Gawin, Delcora,
Belita and Talent also showed resistant reactions to PWD (pw17) and cultivars Deodara, Producent
and Saphir were susceptible.

Table 17. Reactions of differentials to isolate pw17 originating from the village Ushguli, of Mestia
municipality using pot test

N Differential % Susceptible a
cultivars gn | ©e Resistant Weakly I-%x -8
2 @ a9 . 3]
£ 8 o 2 0-F) susceptible b
HE | B B ~
“ 0 -|P|F R Iom|m | 1v |V
1 Gawin 21 21 R
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2 Deodara 15 8 9 1 3 3] 2 S
3 Producent 18 6 12 4| 2 S
4 Delcora 20 20 R
5 Belita 23 20 R
6 Talent 22 0 19 4 R
7 Saphir 21 9 11 3| 4 2 S

So, comparing the results of the study of pathotypes distributed in Khulo and Mestia
municipalities, it was found that the set of potato differentials had different reactions to them. In
particular, unlike the PW population prevalent in Khulo, the differential cultivar Talent showed a
resistant reaction to the isolate pw1l7 spread in the village Ushguli. On the base of the reactions of
differential cultivars to isolate pw 17 the pathotype 2(G1) was identified. Nevertheless, it should be
noted that the results obtained are not final and reliable at this stage since the severity of the disease on
positive control cv. Deodara in the tests was very low. Therefore, studies on the pathotype structure of
PWpopulation spread in Ushguli should be continued in the future.

As it was mentioned above, the identification of pathotypes is based on the reactions of the
differential cultivars to a certain isolate, but to compare pathotypes identified worldwide is very
difficult because different countries use their own (different) set differential cultivars. Therefore, a
standard set of differential cultivars has been changed several times. In 2004, EPPO suggested a set of
differential cultivars that are used to identify the pathotypes: 1 (D1), 2 (G1), 6 (01), 8 (F1) and 18 (T1)
which are common in EU. According to the literature sources, there are about 40 known pathotypes
worldwide that are included in the EPPO list. A set of differential cultivars suggested by EPPO in 2004
underwent changes in the following years. Namely, the variety Eersteling was replaced by the variety
Evora, the variety Comb was replaced by the variety Irga, the variety Talent was replaced by the
varieties Delcora and Miriam, and the variety Ulme was replaced by the varieties Ikar and Gawin. It is
known that with the addition of cultivars to a differential set, theoretically only more pathotypes can
be identified (Kernkamp, 1965). This has been done very often in the past; moreover sometimes
completely different sets of cultivars existed between (European) countries.

In order to harmonise pathotype identification, the Euphresco SENDO project initialised the
organisation of interlaboratory tests to lay down a harmonised, standardised set of cultivars, later
implemented into the latest version of the EPPO Diagnostic Protocol (EPPO, 2017). According to the
latest Protocol a new set of differentials includes cultivars Deodara, Producent, Gawin, Talent, Saphir
and Belita. These differntials and extra cultivar Delcora were used in our trials. Tests performed in
Georgia included extra differential cultivar Delcora, making the total set of cultivars used more
similar to the set used in the earlier study with Turkish isolates.

The isolates of the same geographical origin pwl3 and pw13N (tested in Georgia and the
Netherlands) and other isolates (pw14, pw15, pw16), showed the same reactions to the standard set of
differentials offered by the EPPO protocol (2017). The cultivars: Deodara, Producer, Talent, and
Saphir showed susceptible reactions, while Gawin and Belita showed a resistant reaction. The
reactions of these differentials to the “Georgian” and “Turkish” isolates, are also same but according to
the reaction of the cultivar Delcora, the Georgian pathotype is different from the Turkish pathotype
38(Nevserih). The differential cultivar Delcora reacted as resistant to Georgian isolates and
susceptible to the Turkish isolates.

On basis of research results presented in this work it can be conclude that based on the
standardised set of differential cultivars (EPPO, 2017) the pathotype found in Georgia is not known
from Europe (EPPO, 2017). In its reactions, this pathotype resembles pathotype 38(Nevsehir)
detected in (the non-European part of) Turkey.

61



3. SCREENING POTATO CULTIVARS FOR RESISTANCE TO POTATO WART

Totally, 49 introduced potato varieties were evaluated in this study to PWD using pot and field
experiments. Field tests were conducted in the villages Skvana and Uchkho in Khulo municipalities.
The samples of soil and diseased tubers originating from the villages Didajara, Skvana, Uchkho and
Dzirkvadzeebi of Khulo municipality were used for pot tests.

Seventeen varieties of potatoes were planted in May and harvested in September 2017 in the
private home garden of the village Skvana in the municipality of Khulo. The majority of tested
varieties (88.2%) were susceptible to disease. Only two varieties Sylvana and Provento showed
resistant reaction to PWD (Table 18). The disease development varied between 26.8-66.7%. The
lowest disease incidence was on variety Saturna (26.8 %) and the highest incidence — on variety Agria
(66.7%). Also, the high incidence was scored on varieties Laura, Marabel(55.6%), Alwara(43%),
Javakheturi(40%), Uladar(36%), Glorietta(39%), Meskhuri (36%), Skarb(34.5%) and Estela(34%).

Table 18. The reaction types of potato cultivars to pwl4 during the field test in the village
Skvana

N | Potato cultivars - Disease severity by rating on the scale of 1-9
© &
= @ (1]
g g § Sla a|als|2|2|2|g|z|2
FE |8 |g|6|8|8 |8 |8 |8 |8 |8 |S |8
] g — ~ on < n © ~ ) = g
& A K}
1 Marfona 21 8 13 2 1 4 1 5(S)
2 Marabel 13 5 1 7 5 3(S)
3 Briz 44 13 31 2 3 2 5 7 (S)
4 Lileya 76 23 53 7 3 5 5 1 1 1 2(S)
5 | Uladar 31 11 20 4 | 3 | 2 2 2(S)
6 | Agria 6 4 2 1 2 1 4(S)
7 | Impala 52 16 36 2 4 5 3 2 4(S)
8 | Laura 9 5 6 3 1 1 3(S)
9 | Saturna 71 19 1 52 3 4 6 1 2 1 6(S)
10 | Sylvana 69 69 1 (R)
11 | Glorietta 23 9 16 14 2 3 1 2 1 3(S)
12 | Meskhuri 21 8 11 13 4 2 1 1 2(S)
13 | Skarb 26 9 17 5 2 1 1 2(S)
14 | Estrela 32 11 21 2 4 2 2 1 5(S)
15 | Alwara 28 12 16 3 4 2 2 1 2 (S)
16 | Javakheturi 20 8 3 2 2 1 2 (S)
17 | Provento 36 36 1 (R)

According to the scale of disease severity, 15.4% of the infected tubers belonged to class 2 (Single
proliferation (<5 mm), 19.5% - class 3 (a single large proliferation (5-10 mm), 20, 1 % - class 4
(Several small warts (5-10 mm), 20, 1% - class 5 (Several medium-sized warts (>10 mm), 12.8% - class
6 (Several large warts, beginning deformation of the tuber), 7.4% - class 7 (Large warts with a
diameter of >10 mm and disruption of tuber formation), 2.7% - class 8 (Very large warts, but
individual tubers still recognizable), 2.0% - class 9 (Very large warts, no normal tubers present)(
Figure 4).

62



Infected tubers 26

19,5 20,1 2

0,1
15,4
12.8
7.9
I 2,7 2‘0
[ | |

2 Class 3 Class 4 Class 5 Class & Class 7 Class 8 Class 9 Class

Figure 4. Disease severity of PWD (%) in field test, the village Skvana

During the pot test, using soil samples originated from the village Skvana, the cultivars: Fabula,

Provento, Catania, Cardinia, Leandra, Meskhuri tsiteli and Sylvana were resistant to the disease,
while 8 varieties were found to be susceptible (Table 19).

Table 19. The reaction types of potato cultivars to PW during the pot test in the Skvana village

N Potato Disease severity by rating on the scale of 1-9
Cultivars T go | By
245|288 2 21 8| 8| 8| 8 2|1 8| 8|8y
ESS|E§82 |6 |o|o|o|c|g|o|o |0 | &gk
Z 8 = Z — ~ [} < N V=) ~ ) = 2 &
1 Marfona 22 9 9 1 - 1 - - 2 - - 7 (S)
2 Marabel 7 3 4 1 - - - - 2 - - 7 (S)
3 Artemis 11 1 10 1 - - - - - 2(S)
4 Agria 16 3 13 3 - - - - - - - 2(S)
5 Arinda 15 5 10 4 1 - - - - - - 2(S)
6 Fabula 10 - 10 - - - - - - - - 1(R)
7 Europrima 7 3 4 - - 3 - - - - - 4(S)
8 Arnova 5 3 2 - - 2 - - 1 - - 4 (S)
9 Catania 9 - 9 - - - - - - - - 1(R)
10 Cardinia 17 - 17 - - - - - - - 1(R)
11 Omega 6 1 5 - - - - - 1 - - 7 (S)
12 Arizona 7 1 6 1 - - - - - - - 2(S)
13 Leandra 6 - 6 - - - - - - - - 1(R)
14 Meskhuri 7 7 - - - - - - - - 1(R)
Tsiteli
15 Sofia 11 2 9 - - - - - 2 - - 7 (S)
16 Sylvana 17 - 17 - - - - - - - - 1(R)
17 Provento 23 23 1(R)

According to the scale of disease severity (Figure 5), 46,7% of the infected tubers belonged to class 2
(Single proliferation (<5 mm), 6,7 %- - class 3 (a single large proliferation (5-10 mm), 46,7% - class 7

(Large warts with a diameter of >10 mm and disruption of tuber formation).

S0.0 46,7 Diseased tubers (%) 46,7

6,7

- 0,0 0,0 0,0 0,0 0,0

| 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class & Class 9 Class |

Figure 4. Disease severity (%) of PWD in pot test, the village Skvana
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35 varieties of potatoes were planted in May and harvested in the end of July 2018 in the private
home garden of the village Uchkho in the municipality of Khulo. Four potato varieties: Provento,
Cardinia, Catanea and Leandra were resistant to PWD (Table 20).

Table 20. The results of reaction types of potato cultivars to pw15 during the field test in the village
Uchkho

N Potato " Disease severity by rating on the scale of 1-9
v 3]
22El §|E | &8 | &% |B 3|82 8|2 8|3¢
355 4|28 (R 8|28 8 |R g8 ke
2 ~
1 Marfona 24 7 17 2 3(S)
2 Sylvana 37 9 3 28 3 2 3(S)
3 Marabel 13 5 1 7 5 3(S)
4 Europrima 15 14 1 8 3 2 1 2 (S)
5 Bernadette 22 6 1 15 1 3 1 1 3(S)
6 Figaro 40 10 30 3 4 1 1 1 3(S)
7 Agria 15 4 11 2 1 1 3(S)
8 Artemis 20 4 15 3 1 2(S)
9 Spunta 12 3 2 2 3(S)
10 Estrela 44 14 30 7 1 3 3 2(S)
11 Alwara 16 11 5 4 1 2 2 1 1 4 (S)
12 Glorietta 21 15 6 12 3 3(S)
13 Magda 32 7 25 1 3 2 1 4(S)
14 Panamera 10 4 5 1 2 1 3(S)
15 Nandina 16 7 9 2 3 2 3(S)
16 Coronada 8 6 6 2(S)
17 Cardinia 39 0 39 1 (R)
18 Captiva 22 6 3 13 3 1 2 2(S)
19 Carlita 29 15 14 3 2 6 4 8(S)
20 Florente 47 11 36 3 2 1 1 4 8 (S)
21 Jelly 40 9 31 4 3 2 2(S)
22 Catania 6 6 1(R)
23 Andrea 26 5 20 3 2 1 2(S)
24 Leandra 33 33 1(R)
25 El mundo 32 7 1 24 3 2 2 2(S)
26 Red Fantasy 17 4 13 2 1 1 2 (S)
27 Pekaro 71 15 15 56 8 5 2 2(S)
28 Lileya 37 17 5 15 9 1 2 5 2(S)
29 Skarb 39 39 18 2 15 4 2(S)
30 Saturna 362 79 128 283 24 18 14 10 5 4 4 2(S)
31 Briz 321 49 272 19 13 12 2 3 2(S)
32 Uladar 69 24 45 11 5 4 2 2 1 2(S)
33 Javakheturi 23 18 5 7 6 1 1 3 2(S)
34 Meskhuri 45 15 30 4 5 3 2 1 3(S)
35 Provento 165 8 157 1(R)

The disease incidence varied between 19.2-93%. The lowest disease incidence was on variety
Andrea (19.2%) and the highest incidence on variety Europrima (93.1%). On the varieties Briz,
Skarb, Lilea, Glorietta, Karlita, Koronada, Nandina, Panarema, Alwara, Marfona, Marabel and
Javakheturi was indicated the high level of disease development (38-89%).

According to the Figure 4, 38 % of the infected tubers belonged to class 2, 22,2 % - to class 3, 15,4
% - to class 4, 7,2% - to class 5, 3,7 % - to class 6, 5,6 %, 4,2% and 4,2% of the infected tubers
belonged to class 7, 8 and 9, respectivelly (Figure 5).

64



Infected tubers %

38,0
22,2
15,0
7,2
I I 3’? .5rﬁ 4.2 4' 2

2 Class 3 Class 4 Class 5 Oass 5 Class T Class g Class 9 Class

Figure 5. Disease severity of PWD in the field test, the village Uchkho

During the pot test, using soil samples originated from the village Uchkho, out of 14 potato
varieties, cultivars: Provento, Meskhuri Tsiteli, Sofia, Leandra, Cardinia and Arizona were resistant to
the disease, while 8 varieties were found to be susceptible (Table 21).

Table 21. The reaction types of potato cultivars to PW during the pot test in the village Uchkho

N Potato ¥ o " Disease severity rating on the scale 1-9
Cultivars "E ot w g
ST %2 |4 |ala|a|s|a|3|a|sa|Sé8
y 2 'E 3 = S |3 | 8|5 | &8 |8 |8 | 38|%&
8 « 4 O (@) (@] O (@] (@] (@] O o s 2
g % z g — ~ ] <+ 1n © ~ © o &
= <3
1 Spunta 10 5 5 1 2 2 8(S)
2 Arnova 24 7 17 3 3 1 5(S)
3 Fabula 16 4 12 1 3 9(S)
4 Omega 12 6 1 2 3 2(S)
5 Artemis 11 3 9 1 2 9(S)
6 Meskhuri Tsiteli 11 0 11 1 (R)
7 Sofia 11 0 11 1(R)
8 Leandra 9 0 9 1(R)
9 Cardinia 12 0 12 1(R)
10 | Arizona 10 0 12 1(R)
11 Sylvana 13 2 11 2 2(S)
12 Arinda 13 4 9 2 1 1 2(S)
13 | Agria 14 3 11 3 2(S)
14 Marabel 17 5 12 5 2(S)
15 Marfona 13 4 9 1 1 2 8(S)
16 Provento 19 19 1 (R)

According to the Figure 6, 48,5% of the infected tubers belonged to class 2, 3 % - class 3, 9,1 % - class
5, 3,0 % - class 6, 6,7 % - class 7, 9,1 % - class 8 , 21,2 % - class 9.
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Figure 6. Disease severity of PWD (%), pot test, the village Uchkho

During the pot test, using soil samples originated from the village Didadjara, 4 out of 38 potato
varieties: Sofia, Arizona, Fabula and Provento were resistant to the disease, while 33 varieties were
found to be susceptible (Table 22).

Table 22. Reaction of potato cultivars to pw13 using pot test

N Potato @ Diseases severity by 1-9 scale
cultivars Yoy | B

S E|l 2™ 2 g | 8| g | g a1 8| & 21 8y

cig|5Y |8 (418|948 |4|4|8 |48

E B " E é — o ) ~ n © ~ © ) 2 B

<

1 Marfona 26 9 10 4 2 3 2 2 (S)
2 Nandina 19 7 12 4 1 1 1 3(S)
3 Glorietta 13 7 6 4 1 2 3 (S)
4 Bernadette 19 4 15 1 2 1 2 4(S)
5 Arnova 11 6 5 2 1 3 3(S)
6 Pekaro 39 14 25 7 2 3 2 2(S)
7 Sofia 13 0 13 1([R)
8 Agria 16 4 12 2 1 1 3(S)
9 Spunta 22 7 15 3 2 1 1 2(S)
10 Panamera 25 5 20 1 3 1 4(S)
11 Artemis 12 4 8 2 1 1 2(S)
12 Milva 11 7 11 2 1 1 1 1 1 2(S)
13 Annalena 21 5 16 2 1 1 1 3(S)
14 Estrela 18 5 13 1 3 1 3(S)
15 Arizona 7 0 7 1 (R)
16 Marabel 15 4 11 2 1 1 2(S)
17 Europrima 7 3 4 3(S)
18 Fabula 25 0 25 1(R)
19 Caruso 13 5 8 1 2 2(S)
20 Laura 7 2 5 2 2(S)
21 Sylvana 12 2 10 2 2 (S)
22 Omega 20 8 12 4 3 1 2 (S)
23 Finca 30 7 23 6 1 2 (S)
24 Figaro 23 5 18 1 3 1 3(S)
25 Arinda 11 8 3 4 2 2 4(S)
26 Sante 22 6 16 3 2 1 4(S)
27 Jelly 12 4 8 1 1 2 4(S)
28 Impala 21 12 9 3 5 3 1 3(S)
29 Alwara 13 5 8 3 1 1 2(S)
30 Saturna 20 6 14 2 1 1 1 1 2(S)
31 Skarb 12 5 7 2 1 1 1 2(S)
32 Briz 18 8 10 2 2 3 1 4(S)
33 Lileya 20 11 9 4 3 2 2 2(S)
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34 Uladar 17 6 11 2 3 1 5(S)
35 Meskhuri Tsiteli 15 7 8 2 3 1 1 4(S)
36 Meskhuri 18 6 12 3 2 1 5(S)
37 Javakheturi 16 5 11 1 3 1 5(S)
38 Provento 28 0 28 1(R)

In accordance with the Figure 7, 27, 8% of reactions belonged to type II, 16.1% - to type III ,
20.0% - to type IV, 17.8% - to type V, 14.2% -to type VI and VII, 2.2 and 1.7% of reactions belongs to
types VIII and IX, respectively.
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Figure 6. Disease severity (%) of PW in the pot test using the isolate pw13, the village Didajara

As shown from field and pot tests of potato cultivars to PW population spread in Khulo region the

majority of cultivars was susceptible but populations from Skvana, Uchkho and Didajara villages were
differed each others by aggressiveness (number of infected tubers). For example, in pot tests of
Skvana the number of infected tubers on the cultivars Marfona, Marabel and Agria was 40.9%, 55.6%
and 66.7% respectively, while in pot tests of Uchkho the aggressiveness was 36.4%, 42.9 and 18.8%,
respectively. The number of infected tubers was also lower in Didajara pot test than in Skvana pot
test. In addition, PW population from Skvana characterized with high severity.
So, as shown in table 23, not all test varieties were included in all trials due to the lack of potato
seeds. Most of potato varieties (Marfona, Marabel, Uladar, Skrab, Saturna, Briz, Lillea, Estrella,
Alvara, Agria, Artemis, Glorietta, Arinda, Spunta, Arnova, Omega, Europrima, Artemis, Meskhuri
showed a susceptible reaction to the isolates originating from villages of Skvana, Uchkho and
Didajara. The Cultivars Figaro, Bernadette, Panamera, Nandina, Jelly, Impala, Laura, Pekaro and
Javakheturi showed a susceptible reaction to the isolates which were originated from villages
Didajara and Uchkho, and these cultivars were not tested to population from the village Skvana. The
Cultivars Magda, Coronada, Captiva Carlita, Florente, Elmundo, Andrea, Red Fantasy were
susceptible to PWD in the field test of the village Uchkho. The varieties Finca, Caruso, Annalena,
Sante and Milva were tested by only pot test to isolate pw13 from the village Didajara and they
showed susceptible reactions. Some varieties (Sofia, Sylvana, Arizona, Fabula, Meskhuri tsiteli,)
showed different reactions during field and pot tests and they need to be further tested. Varieties
Cardinia, Catania, Leandra and Provento showed resistant reaction to the wart in all experiments.
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Table 23. Reaction of potato varieties to potato wart desease in all tests

N Potato cultivars Pot test to Field Test to Pot test Field Test Pot test
Didachara Skvana to Skvana to Uchkho to Uchkho isolate
isolate isolate isolate (2019) isolate (2018)
(2016) (2017) (2018)

1 Marfona S S S S S
2 Sylvana S R R S S
3 Marabel S S S S S
4 Europrima S - S S

5 Bernadette S - - S -
6 Figaro S - - S -
7 Agria S S S S S
8 Artemis S - S S R
9 Skrab S S - S -
10 Estela S S - S -
11 Alwara S S - S -
12 Omega S - S - S
13 Glorietta S S - S -
14 Magda - - - S -
15 Panamera S - - S -
16 Nandina S - - S -
17 Coronada - - - S -
18 Cardinia - - R R R
19 Captiva - - - S -
20 Carlita - - - S -
21 Florente - - - S -
22 Jelly S - - S -
23 Sante S - - - -
24 Catania - - R R -
25 Andrea - - - S -
26 Leandra - - R R R
27 El mundo - - - S -
28 Red Fantasy - - - S -
29 Lileya S - S -
30 Spunta S - - S S
31 Pekaro S - - S -
32 Saturna S S - S -
33 Briz S S - S -
34 Uladar S S - S -
35 Impala S S - - -
36 Laura S S - - -
37 Arnova S - S - S
38 Sofia R - S - R
39 Annalena S - - - -
40 Arizona R - S - R
41 Fabula R - R - S
42 Caruso S - - - -
43 Finca S - - - -
44 Arinda S - S - S
45 Milva S - - - -
46 Javakheturi S - - S -
47 Meskhuri S S - S -
48 Meskhuri tsiteli S - R - R
49 Provento R R R R R

As a result of the litareture review, it turned out that the response of some cultivars to PWD is
similar to the research results conducted in other countries. For example, the Dutch varieties
resistant to pathotype 1(D1): Marfona, Marabel, Jelly, Spunta, Sante and Agria were susceptible to
the disease in both studies conducted in Georgia and Turkey. However, the Datch variety Provento
resistant in our tests showed the susceptible reaction in Turkish study (Gunacti and Erkilic, 2010).
Resistant German cultivars: Leandra and Katanea showed a resistant reaction to PWD in our trials
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too. Some potato varieties, which are resistant to the pathotype 1(D1) according to the catalog, were
susceptible to PWD in our studies.

In addition, resistant potato varieties selected as a result of primary screening require an additional
assessment of the degree of resistance under severe artificial infectious conditions using laboratory
methods. It is not recommended to grow the selected resistant potato varieties in disease foci, but
they can be tested in buffer zones.

As the results of our study show, there are some problems in assessing the resistance of varieties to
PWD, which is due to many reasons. The methodology for assessing the resistance of potato varieties
to PWD has not been standardized yet. More reliable results will be obtained if molecular genetic
testing of disease resistance is used. Studies on molecular markers that provide resistance to various
pathotypes are currently conducting in some countris.

CONCLUSIONS
The distribution of Potato wart disease is restricted in Georgia;
The area of distribution of PWD includes Khulo and Mestia municipalities;
The incidence and severity of PWD varies depending on disease foci and varieties of potatoes;
The soil infestation level was very high in the village Ushguli of Mestia municipality and in the

N

villages Skvan, Rakvta, Dioknisi of Khulo municipality;

5. The pathotype 38(nevsehir), identified in Khulo municipality, is similar to the pathotype
common in Turkey;

6. The pathotype 2(G1) was identified in the Ushuguli village of Mestia municipality;

~

As a result of the research, quarantine zones were determined in Khulo and Mestia districts;

8. As a result of the study, highly resistant potato varieties: Kardinia, Katanea, Leandra and

Provento were selected.
RECOMMENDATIONS
1. Itis recommended to continue monitoring the potato wart in Georgia;
2. Itisnecessary to continue the study of the population of S. endoboticum by molecular markers;
3. It is recommended testing of agricultural characteristics of the selected resistant varieties to
PWD should be continued in the future;

4. It is necessary to implement appropriate quarantine phytosanitary measures in disease foci in the
municipalities of Khulo and Mestia to prevent the spread of the disease.
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