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IEVADS

Majas abele (Malus domestica (Suckow) Borkh.) un Eiropas bumbiere (Pyrus
communis L.) ir vieni no izplatitakajiem auglaugiem ne tikai Latvija, bet arT visa
pasaulé. P&c statistikas datiem 2017. gada Latvija sarazotas 8000 t abolu (EU-28
Fresh Deciduous Fruit Annual, 2018). Saskana ar Lauku atbalsta dienesta datiem
2018. gada abelu komercdarzu platiba Latvija bija 2662.38 ha, no tiem 321.54
ha bija biologiskie darzi. Savukart bumbieru stadijumi kopa aiznéma ap 200 ha,
no kuriem 100 ha bija komercialie stadijumi, no tiem tikai 14.73 ha biologiskie
darzi.

Abolus un bumbierus patérétajiem svaiga veida var nodro§inat gandriz visu
gadu. Razas apjomu un to kvalitati ietekmé slimibas, kas var bojat visas augu
dalas. Abelu un bumbieru slimibas ierosina gan sénes, gan baktgrijas, gan virusi.

Ik gadu ekonomiski nozimigus zaudejumus abelu un bumbieru audzetajiem
Latvija un pasaulé rada abelu kraupis (ier. Venturia inaequalis) un bumbieru
kraupis (ier. Venturia pyrina). Kraupja rezultata razas zudumi biologiskaja
audz€Sanas sisttma var sasniegt 40-80% (Capocek, 2011), un atseviskos
gadijumos, ja augu aizsardzibas Iidzekli netiek izmantoti, razas zudumi var
sashiegt pat 100% (Kienholz, 1937; Liu, Richards, Shabi, 1990; Smith, 2009;
Sugar, Hilton, 2011).

Izmainas agrotehnika, jaunu Skirnu ievieSana, ka ari klimata parmainas
ietekmé V. inaequalis un V. pyrina populacijas, veidojas jaunas un agresivakas
rases, kas sp&j pielagoties mainigajiem vides apstakliem (MacHardy, Gadoury,
Gessler, 2001; Ebrahimi et al., 2016). Abelu kraupja ierosinatdgjam V. inaequalis
ir zinamas 14 rases, bumbieru kraupja ierosinatajam V. pyrina piecas rases (Bus
etal., 2011; Caffier etal., 2015; Patocchi et al., 2020). Patogéni sp€j pielagoties
un parvarét $kirpu rezistenci, ka ar1 tiem veidojas rezistence pret fungicidiem
(Chevalier et al., 2004; Jamar et al., 2007; Lespinasse et al., 2008; Ebrahimi et
al., 2016; Gonzalez-Dominguez et al., 2017).

Patogénu populaciju daudzveidibas raksturoSana un rasu sastava
noskaidro$ana lauj precizak prognozet patogénu agresivitati un jaunu rasu
veidoSanos. Sis zinasanas sniedz atbalstu selekcijas materiala izvértéSana un
jaunu rezistentu Skirpu ievieSana darzos.

Darba mérkis — raksturot V. inaequalis un V. pyrina vietgjo populaciju
daudzveidibu un noskaidrot V. inaequalis rasu sastavu Latvija.

Darba uz devumi:

e raksturot V. inaequalis un V. pyrina Latvijas populaciju daudzveidibu;

e raksturot V. inaequalis izolatu virulenci un noteikt abelu genotipu izturibu
in vitro apstaklos;

e raksturot V. pyrina izolatu virulenci un noteikt bumbieru genotipu izturibu
in vitro apstaklos;

e noteikt V. inaequalis rasu sastavu Latvija, izmantojot rases diferencgjosos
Malus genotipus lauka apstaklos.



Darba novitate:

e pirmo reizi raksturotas abelu kraupja ierosinataja V. inaequalis un bumbieru
kraupja ierosinataja V. pyrina Latvijas populaciju morfologiskas Tpatnibas;

e raksturota abelu kraupja ierosinataja V. inaequalis Latvijas populaciju
genétiska daudzveidiba, izmantojot 12 mikrosatelitu (SSR) markierus;

e pirmo reizi raksturota V. inaequalis un V. pyrina izolatu virulence un noteikta
abelu un bumbieru genotipu izturiba in vitro apstaklos, izmantojot lapas un
auglu aizmetnus;

e pirmo reizi noteikts V. inaequalis Latvijas populacijas rasu sastavs, izmantojot
rases diferencgjosos Malus genotipus.

Darba hipotéze — Latvija kraupja ierosinataju V. inaequalis un V. pyrina
populacijas ir daudzveidigas, ka ari sastopamas vairakas V. inaequalis rases.
Aizstavamas tezes
e Latvija V. inaequalis un V. pyrina populacijas ir daudzveidigas;
¢ Kraupja ierosinataju daudzveidiba un virulence ir atkarigi no saimniekaugu
genotipu dazadibas darzos;
e Latvija sastopamas vairakas V. inaequalis rases.

Promocijas darbs strukturéts trijas nodalas — Literatiiras apskats, PEtjjuma
apstakli un metodika, Rezultati un diskusija. Promocijas darba apjoms 91 Ipp.
(bez bibliografijas saraksta un pielikumiem); darba ir 30 tabulas, 14 atteli; 443
bibliografiskie avoti, ka ar1 27 pielikumi.

Pétijuma datu aprobacija: par $1 petijuma rezultatiem ir sagatavotas piecas
publikacijas, kas indeksétas Scopus vai Web of Science datubazes. Sniegti pieci
mutiskie un sesi stenda zinojumi zinatniskas konferences.

PETIJUMA APSTAKLI UN METODIKA
Pétijuma vieta un laiks

Petijumi veikti laikd no 2014. gada lidz 2022. gadam APP Darzkopibas
institata (talak DI) Augu patologijas un entomologijas nodala:

— kraupju ierosinataju daudzveidiba raksturota uz kartupelu dekstrozes agara
(PDA, potato dextrose agar) péc izolatu morfologiskajam Ipasibam,;

— abelu kraupja ierosinataju V. inaequalis genétiska daudzveidiba raksturota
ar mikrosatelitu (SSR) markieriem;

— raksturota Venturia inaequalis un V. pyrina izolatu virulence un noteikta
abelu un bumbieru genotipu izturiba. Pétijuma laika no 2013. gada Iidz 2016.
gadam tika wveikti pieci in vitro inficéSanas eksperimenti, izmantojot
abelu/bumbieru lapas un abelu/bumbieru auglaizmetnus.
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— Venturia inaequalis rasu sastavs noteikts DI teritorija ierikota stadijuma ar
15 V. inaequalis rases diferenc&josiem Malus genotipiem.

Venturia inaequalis un V. pyrina Latvijas populacijas daudzveidibas
raksturoSana

Pétijuma vieta. Laika no 2010. Iidz 2017. gadam izveidota kraupja
ierosinataju izolatu kolekcija. Kolekcijai izmantoti izolati, kas bija ievakti no 19
abelu un astoniem bumbieru genotipiem, apsekojot 16 abelu un 15 bumbieru
stadijumus piecos Latvijas regionos.

Paraugu ievakSana. Kopuma ievakti 167 abelu un 53 bumbieru augu
materiala paraugi: abelu un bumbieru lapas un/vai augli ar kraupim raksturigiem
bojajumiem. Venturia sugas identificja laboratorija péc saimniekauga
piederibas un patogéna morfologiskajam pazimém, izmantojot binokularo lupu
“XT12/13/24B2” un stereomikroskopu “Leica DMLS”.

Izolatu kolekcijas izveide. Venturiainaequalis un V. pyrina viensporas
kultiiras iegtitas no konidijam uz auglu un lapu bojajumu vietam, un saglabatas
kolekcija uz dazadam barotném — uz kartupelu dekstrozes agara (PDA), auzu
agara (OMA, oatmeal agar) un sterila destiléta tdeni (H20).

Izolatu sagatavo$ana pétijumiem. Pirms p&tijumu uzsakSanas izolatu augsana
atjaunota Petri trauka ar PDA barotni. P&c uzséSanas sénes inkub&ja 14 dienas
istabas temperatira (2212 °C) 65% gaisa relativaja mitruma. Talak katram
pétfjumam atseviSki izolatus pars€ja vai nu uz PDA barotném (morfologijas
pazimju raksturoSanai un inokuléSanas eksperimentiem), vai kartupelu
dekstrozes skidraja barotné (PDB, potato dextrose broth) (DNA izdali$anai).

Venturia inaequalis un V. pyrina morfologisko pazimju raksturo$ana

Venturia inaequalis un V. pyrina izolatu morfologiskas pazimes raksturotas,
izmantojot Kirkhama (Kirkham, 1957) un Nasonova un Jakubas (HaconoB u
Sky6a, 2020) modificéto V. inaequalis koloniju klasificésanas metodiku. Izolati
audzeti uz PDA barotném un inkubgti istabas temperatira (22 + 2 °C) vienu
menesi.

Raksturotas morfologiskas pazimes: koloniju diametrs, gaisa micélija veids,
kolonijas malas veids, sporul@sanas intensitate, koloniju krasa, kolonijas centrala
augSanas punkta krasa un kolonijas centrala augSanas punkta micglija veids.
Sporulacijas esamibu noteica vizuali, izmantojot gaismas mikroskopu (‘“Leica
DMLS”). Sporulacijas intensitati katram izolatam klasific€ja atkariba no ta, cik
sporu redzams mikroskopa redzes lauka (400% palielinajuma). Izolatu kolonijas
izmérs aprékinats ka vidgjais raditajs no diviem kolonijas mérijumiem —



horizontala un vertikala. Kolonijas krasu noteica, izmantojot Karaliskas
darzkopibas biedribas izstradato krasu skalu augiem (RHS Colour Chart, UK).

Venturia inaequalis populacijas genétiskas daudzveidibas raksturo$ana ar
SSR markieriem

DNS izdaliSanai izolati 21-28 dienas audzeti PDB $kidraja barotné istabas
temperatiira (22 + 2 °C). Micéliju izZavgja, to liofiliz€jot, un saberza smalka
pulveri, izmantojot Skidro slapekli. DNS izdalita ar “DNeasy Plant Mini Kit”
(“Qiagen”, Vacija) reagentu komplektu atbilsto$i razotdja instrukcijam. Katram
paraugam noveértgja izdalitas DNS koncentraciju un tiribu ar spektrofotometru
“ND-1000" (“NanoDrop”). Izdalitos DNS paraugus uzglabaja —20°C
temperatura.

Pirms V. inaequalis populacijas genctiskas analizes veikta 31 SSR
mikrosatelitu praimeru paru (Tenzer et al., 1999; Guerin et al., 2004; Xu et
al., 2009) parbaude, izmantojot paraugu kopu ar 18 izolatiem no dazadiem
saimniekaugu genotipiem, ka ari ir ar atSkirigu izcelsmi. P& V. inaequalis
paraugu kopas testéSanas kraupja ierosinataju kolekcijas analiz€Sanai atlasiti
12 SSR praimeru pari (1. tab.).

Mikrosatelitu markieru PCR amplifikaciju veica 25 pL reakcijas apjoma
vienam paraugam. Amplifikaciju veica termociklera iekarta “EP 45 Gradient”
(“Eppendorf”) ar PCR apstakliem: sakotn&ja denaturacija — 5 min, +95 °C,
denaturacija — 30 sek., +95 °C, hibridizacija 90 sek., 56°C (vai 60 °C atkariba
no markiera), elongacija — 30 sek., +72 °C, beigu elongacija — 30 min, +60 °.
Hibridizacijas temperatiira, kas bija nodro§inata katram mikrosatelttu markierim,
atspogulota 1. tabula.

legitie PCR amplifikacijas produkti un to aptuvenie garumi parbauditi ar
elektroforézi 4.0 % agarozes gela (“AppliChem”), pievienojot etidija bromidu
(ethidium bromide), lai gela eso$os DNS fragmentus vizualiz&tu ar ultravioleto
starojumu. Fragmentu garumus noteica ar garumu markieri “O’RangeRuler
20 bp Ladder” (“Thermo Scientific”).




1. tabula/ Table 1
Venturia inaequalis populacijas polimorfisma analizéSanai izmantotie SSR
markieri/ SSR markers used for polymorphism analysis of Venturia inaequalis

population
. Aptuvenais
Hibridizacijas Ampllkcina ggrumf (bp) ampli?(ona garums
Praimeri / temperatiira, °C saskaga ar literatiiru / (bp) atlase /
Primers / Annealin Ampllcon_ length (bp) Approximate
g according to the PP
temperature,°C literature ampl_lcon_ length
(bp) in this study
Vicacg8/42 F-R 60 196-232 200-250
Vitgl1/70 F-R 60 184-196 180-200
Vigtg10/95 F-R 58 134-169 130-160
Vica9/152 F-R 58 167-191 160-200
Vitc2/D F-R 58 184-278 195-280
Viga7/116 F-R 60 159-173 140-175
Vigtl0/e F-R 60 171-173 160-185
Vict1/130 F-R 58 132-152 140-165
EMVi0029 F-R 50-55 nd 180-230
ltclg F-R 58 111-185 105-170
ltclb F-R 58 149-210 140-185
ltcla F-R 58 109-187 110-160

nd — nav datu / no data.

Amplificéto fragmentu garumus noteica Latvijas Valsts mezzinatnes
institita “Silava”, izmantojot genétisko analizatoru “3130x1” (“Applied
Biosystems”, ASV).

Venturia inaequalis un V. pyrina virulences un abelu un bumbieru $kirnu
izturibas noteik$ana in vitro apstaklos

Augu materials. P&tijuma laikd veikti pieci infic€Sanas eksperimenti,
izmantojot abelw/bumbieru lapas un abelw/bumbieru auglaizmetnus. Katrai
genotipu un izolatu kombinacijai infic§ja divas lidz piecas jaunas lapas (33. AE
péc BBCH skalas, Meier etal., 2001) un auglaizmetnus (74.—75. AE) atkariba no
to pieejamibas katra vegetacijas perioda.

Lapas un auglaizmetnus ievaca bez vizuali redzamiem bojajumiem no DI
genétisko resursu kolekcija augoSajiem kokiem, kuri nebija apstradati ar
fungicidu. Lapu inficéSanu veica divos eksperimentos (1. un 3. eksperiments),
bet auglaizmetnu inficéSanu — trijos eksperimentos (2., 4. un 5. eksperiments).

Kopuma eksperimentos parbauditi astoni abelu un 18 bumbieru genotipi ar
dazadu kraupja izturibw/ien@mibu lauka apstaklos, ka ar1 pieci no eksperimentos
parbauditajiem Malus genotipiem ar zindamu rezistenci. Genotipus
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eksperimentiem atlasija, lai aptvertu p&c iesp€jas plasaku genotipu klastu — gan
vietgjas un plasi audzetas Skirnes komercialajos augldarzos un piemajas darzos,
gan arT Skirnes, ko plasi audzg citas Eiropas valstis.

Izolati un inokulata sagatavosana. Kraupja ierosinataju virulences parbaudei
eksperimentos ieklauti devini V. inaequalis un septini V. pyrina izolati, kas bija
iegiti no dazadiem saimniekaugu genotipiem un kam bija dazada geografiska
izcelsme. Cetri V. inaequalis izolati (147, 333, 1634 un 2408) bija izdaliti no
Latvija audzetiem abelu genotipiem, viens izolats — no Polija audz&ta genotipa,
un pargjie Cetri bija references izolati ar zinamu rases piederibu 2., 4., 5. un 8.
rasei un virulenti Malus genotipiem ar rezistences géniem Rvi2, Rvi4, Rvi5 un
Rvi8 (Bus et al., 2011; Caffier et al., 2015; V. Caffier, personiska komunikacija
par izolatu 333).

Eksperimenta ieklautie V. pyrina izolati bija izdaliti tikai no Latvija tiem
saimniekaugu genotipiem, un to rases piederiba un virulence nebija zinama.

Ka pozitivo kontroli visos eksperimentos izmantoja sporas suspensiju, kuras
pagatavoSanai bija ievaktas inficétas lapas un augli no dazadiem DI stadijuma
augo$o saimniekaugu genotipiem (Malus vai Pyrus — atkariba no eksperimenta),
kur nebijatiek izmantoti fungicidi. Destilétais tUdens eksperimentos tika
izmantots ka negativa kontrole.

InficéSana un inkub&Sana. Lapu un auglaizmetnu infic€Sanu visos
eksperimentos veica ar sporu suspensiju, uzklajot to divos veidos: (1) ar pipeti
uzpilinot divus Iidz ¢etrus 50 pL suspensijas pilienus uz lapas vai augla virsmas
(1. un 2. eksperiments), un (2) uzklajot suspensiju uz lapas un augla virsmas ar
otu, kas divas reizes iegremdéta suspensija (3., 4. un 5. eksperiments).

Pirms infic€Sanas 1. un 2. eksperimenta (2013. gads) lapas un augli nebija
dezinficeti, tikai tris reizes mazgati ar destilétu tdeni. DezinficéSana Sajos
eksperimentos netika veikta, lai izvairTtos no kutikulas un epidermas bojajumiem
un saglabatu maksimali dabisku lapu un auglu stavokli. Nakamajos
eksperimentos (3., 4. un 5. eksperimenta, 2014.—2016. gads) lapas un
auglaizmetni dezinficéti ar 70% etanola $kidumu, vienu mindti tos iemércot
dezinficgjosa Skidruma un péc tam tris reizes noskalojot sterila destiléta fiden.

P&c inficeSanas lapas inkubgja mitras kameras Petri traukos (1. eksperimenta,
2013. gads) un aluminija folijas paplaté uz floristikas putam (3. eksperimenta,
2014. gads). Auglaizmetnus inkub&ja mitras kameras caurspidigas plastmasas
kastés ar vaku (2. eksperimentd, 2013. gads) un aluminija folijas paplaté uz
floristikas putam, kas bija samitrinatas ar sterilu destiletu @ideni (4. un 5.
eksperimenta, 2015.—2016. gads).

Auglaizmetni 1. eksperimenta turéti caurspidigas kastes ar vaku laboratorija
uz galda dabiska apgaismojuma un inkubgti istabas temperattira. Lapu un auglu
inkubaciju 2.-5. eksperimenta veica kontrolétos apstaklos — augu augSanas
kameras (“Binder KBW 720”) temperatira no +20 lidz +22 °C gaisma
(16 stundas) un +18 °C temperatiira tumsa (8 stundas), ar 80% gaisa relativo
mitrumu.




Novérojumu metodika. Visiem izméginajumiem veikta simptomu digitala
dokumentacija. Pirmo reizi lapu un auglaizmetnu vért€Sanu veica péc vienas
ned€las no inficeSanas dienas, talak — atkartoti reizi ned€la Iidz visu eksperimentu
noslégumam. Ieneémibas vai rezistences izpausmes, kas radusas mijiedarbibas
procesa starp V. inaequalis izolatiem un abelu genotipiem un starp V. pyrina
izolatiem un bumbieru genotipiem, vértetas péc Sevaljé un kolégu (Chevalier et
al., 1991, 2004) aprakstitas metodikas, kur: 0 — nav makroskopisku pazimju un

nav noverojamas auga audu reakcijas pazimes; 1 — hipersensitiva reakcija;
2 — hloroze vai nekroze bez sporulacijas; 3.a — hloroze vai nekroze ar
ierobezotu sporulaciju; 3.b — hloroze vai nekroze ar bagatu sporulaciju;

4 — bagata sporulacija bez augu audu reakcijas. Novérotas mijiedarbibas talak
klasificétas saskana ar Caffier et al. (2015), kur mijiedarbibas ar vértejumu 0—2
tick uzskatitas par rezistentam (nesaderigas); 3.a — vidgji izturigas
(nesaderigas); 3.b — dalgji ienémigas (saderigas) un 4 — ienémigas (saderigas).
Lai apstiprinatu novérotas audu reakcijas, ka arT V. inaequalis un V. pyrina
sporulacija esamibu, veikta katras makroskopiskas pazimes parbaude, izmantojot
binokularo stereomikroskopu.

Venturia inaequalis rasu sastava noteik§ana Latvija, izmantojot rases
diferencéjo$os Malus genotipus

Darzkopibas institita 2010. gada “Vinquest” projekta ietvaros V. inaequalis
rasu sastavu noteikSanai izveidota kolekcija ar 15 diferencgjosiem Malus
genotipiem no Sveices, Agroscope Changins-Wadenswil (ACW) (2. tab.).

Rases diferencgjoso Malus genotipu stadijums ierikots DI genétisko resursu
darza (Dobeles novada Krimiinu pagasta) 2016. gada 15. oktobri. Katrs rases
diferencéjoso Malus genotips tika pavairots, acojot to uz maza auguma
potcelmiem ‘B396°, piecus stadus katram genotipam. Koki staditi ar attalums
starp kokiem rinda — 1.2 mj; izolacijas attalums starp kokiem — 3 m. Abeles
staditas piecos blokos p&c “Vinquest” stadiSanas sheémas; katra bloka viens koks
katram genotipam. IztriikstoSos genotipus (h(16)-h(20)) aizstaja ar genotipu
‘Golden Delicious’ /h(1).

Abeles staditas velenu karbonatu augsné (Vki), péc augsnes granulometriska
sastava (smil§mals (sM), augsnes reakcija pHkci 7.3; trudvielu saturs — 2.9%;
fosfora (P,0s) saturs —132 mg kg%, kalija (K;O) saturs — 170 mg kg?).
Stadijumam izveleéta vieta bija piemerota abelu audzesanai.

Augu audz€$ana ieverota vispargja stratégija, iznemot to, ka stadijuma netika
izmantoti fungicidi. Sakot ar 2021. gadu, veikti sanitarie pasakumi nobiruso lapu
noardiSanai. Lai noverstu zalo abelu laputu (Aphis pomi) izplatiSanos, tika
izmantoti insekticidi.
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2. tabula / Table 2

Diferencéjosie Malus genotipi V. inaequalis rasu sastava noteikSanai* /
Differential Malus genotypes for determining the races composition of

V. inaequalis
Saimniekauga kods / | Rases diferencgjosie genotipi/ Races | Rezistences geéns /
The code of host differential Malus genotypes Resistance gene

h(0) ‘Gala’ nav

h(1) ‘Golden Delicious’ Rvil
h(2) TSR34T15 Rvi2
h(3) Q71 Rvi3
h(4) TSR33T239 Rvi4
h(5) 9-AR2T 196 Rvi5
h(6) ‘Priscilla’ Rvi6
h(7) M. floribunda 821 Rvi7
h(8) B45 Rvi8
h(9) J34 (F1no ‘Dolgo’) Rvi9
h(10) AT236 RVi10
h(12) Hansen’s baccata #2 Rvil2
h(13) ‘Durello di Forli’ Rvil3
h(14) ‘Diilmener Rosen’ Rvil4
h(15) GMAL2473 Rvil5

* — tabula sagatavota péc Bus et al. (2011) / Table adapted from Bus et al. (2011).

Lauka novérojumu metodika V. inaequalis rasu raksturo$anai diferencéjoSo

Malus genotipu stadijuma. Abelu kraupja izplatiba un attistibas pakape
“Vinquest” stadijjuma verteta divas reizes sezona, sakot ar 2017. gadu. Pirma
vertesana veikta 19. attistibas etapa, kad abelém pirmas lapas sasniedza
raksturigo lielumu (Meier et al., 1994); otra vért€Sana veikta 33. augu atfistibas
etapa (Meier et al., 1994). Slimibas atfistibas pakape noteikta vizuali, vertgjot
katru koku individuali un vert€sana izmantojot devinu ballu skalu saskana ar
“Vinquest” metodiku (3. tab.) (Lateur, Populer, 1994; Patocchi et al., 2009).
P&c “Vinquest” metodikas, vertejot kraupja attistibas pakapi, véra nem tikai
V. inaequalis bojajumus bez augu audu reakcijas, kas liecina par Malus genotipu
rezistences géna parvaréSanu un V. inaequalis rases klatbitni esosaja stadijuma

(populacija).
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3. tabula / Table 3
Kraupja vértésanas skala* / Scab rating scale

Bojato lapu/auglu
Balles / . . dala, (%) / Proportion
Score Simptomi / Symptoms of affected leaves /
fruits, (%)
0/n Nav novérojumu (nav koka/auglu) —
1 Nav redzamu bojajumu 0
2 Tikai dazi bojajumi 0 Iidz 1
3 Bojajumi, kas koncentréti tikai dazas koka vietas 1 Iidz 5
4 Starpstavoklis >5
5 Plasi izplatiti, daudz bojajumu lielakaja koka dala =~ 25
6 Starpstavoklis >25
7 Smaga infekcija, puse lapu (vai auglu) ar vairakiem ~ 50
plankumiem -
8 Starpstavoklis ~75
9 Praktiski viss koks ar smagu infekciju >90

* — avots: https://www.vinquest.ch/monitoring/collection.htm / source of information:
https://www.vinquest.ch/monitoring/collection.htm

Meteorologisko apstaklu raksturojums. Meteorologiskie apstakli ir butiski, jo
tie ietekmé V. inaequalis atfistibu abelu vegetacijas sezona. Tadel tika raksturots
nokri$nu daudzums un vidgja gaisa temperattra no aprila pirmas dekades 11idz
septembra treSajai dekadei. Meteorologiskie dati iegtiti no DI lauka meteostacijas
“Lufft” 2017.-2022. gada.

Salidzinot meteorologiskos apstaklus visa pétijuma laika no 2017. lidz 2022.
gadam, vismazak nokri§nu novéroja aprili un maija gandriz visos gados, iznemot
2021. un 2022. gadu. Nokri$nu daudzums $aja perioda ietekmé V. inaequalis
primaras infekcijas veidosanos un attistibu stadijumos.

Savukart 2022. gada vasaras kopgjais nokri§nu daudzums Dobelg bija par 5%
vairak (233 mm) neka rada ilggadigi novérojumi (222.6 mm). Dobel& nokrisnu
daudzums 2021. un 2022. gada augusta bija lielaks neka 2017.-2020. gada, lidz
ar to pastiprinajas kraupja ierosinataja sekundaras infekcijas veido$anas un
atfistiba, ka ari izplatibas risks razas laika un glabatava. 2018. un 2019. gada
vasaras bija karstas un sausas. 2020. gads Latvija bija siltakais gads
meteorologisko novérojumu vésturé (kops 1924. gada).
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Datu matematiska apstrade

Venturia inaequalis un V. pyrina izolatu morfologisko pazimju sastopamiba
starp izolatiem noteikta ar programmas “SPSS 17.0” (Norman, Dale, Hadlai,
1968) aprakstosas statistikas moduli. Sakaribu cieSuma noteik$anai starp izolatu
morfologisko pazimju vértéjumiem aprékinats Pirsona korelacijas koeficients
(r). Izolatu grup&Sana morfotipos péc morfologiskajam ipasibam veikta ar
hierarhijas analizes palidzibu.

Ar “GenAlEx 6.41” (Peakall, Smouse, 2006) datorprogrammu veikta
genctiskas daudzveidibas parametru raksturo$ana katram SSR markierim: alélu
garums, al&lu skaits lokusa (Na), efekfivo al&lu skaits lokusa(Ne) (Nei, 1987),
privato alglu skaits (Ps) katra populacija, Senona (Shannon) informafivais
indekss (1) (Lewontin, 1972) un génu daudzveidibas indekss (h) (Nei, 1973).

Venturia inaequalis genctiskas daudzveidibas sadalijums Latvijas populacija
raksturots ar molekularas variacijas analizi (AMOVA, analysis of molecular
variance), aprékinot genctiskas diferenciacijas koeficientu (PhiPT).
Polimorfisma informativais indekss (PIC, polymorphic information content)
aprékinats, izmantojot Lamboja (Lamboy) SSR datorprogrammu (personiska
komunikacija ar G. Laci).

Venturia inaequalis populaciju genctiska struktira un diferenciacija
novertéta, izmantojot haploidus datus, kas analizeti ar Beijesa pieeju (Bayesian
approach) “Structure 2.3.4.” datorprogramma (Pritchard et al., 2000). Lai
noteiktu visticamako populaciju skaitu (K) starp V. inaequalis izolatiem,
izmantots modelis nesajauktam populacijam (no admixture), kas atkarigs no
al€lu frekvences katra mikrosatelita markieri (burn-ins 100 000 atkartojumi un
300 000 atkartojumi pec Monte-Karlo metodes ar Markova kédém (MCMC —
Marcov chain Monte-Carlo)). Visas varbiitibas atkartotas 20 reizes katrai K
(analizgjot diapazona 2-12), lai apstiprinatu atbilstibu logaritmiskas ticamnibas
(log-likelihood) wvarbiitibai. Visticamaka grupéSana vizualizéta, izmantojot
“CLUMPP 1.1” (Jakobsson, Rosenberg, 2007) un “Structure Plot V2.0”
(Ramasamy et al., 2014) programmas.

Abelu kraupja attistibas pakapes vértéjumam (ballés no 1 1idz 9) “Vinquest”
stadijuma datu statistiska apstrade veikta, izmantojot programmas “MS Excel”
iespgjas. Aprekinati apraksto$as statistikas raditaji: aritmétiskais vidgjais,
standartnovirze, standartkliida, minimums un maksimums.
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REZULTATI

Venturia inaequalis un V. pyrina izolatu morfologisko pazimju
raksturojums

Kraupja ierosinatagju V. inaequalis un V. pyrina Latvijas populaciju
daudzveidiba raksturota peéc morfologiskajam pazimém DI kolekcija esosajiem
izolatiem — 183 V. inaequalis un 104 V. pyrina izolatiem.

Analiz€to izolatu kolonijas izmers (diametrs) uz pétijuma izmantotas
barotnes varigja no 0.6 1idz 5.7 cm V. inaequalis izolatiem un no 0.7 1idz 5.2 cm
V. pyrinaizolatiem. Visvairak V. inaequalis un V. pyrina izolatu ietilpst grupa ar
kolonijas diametru> 2.1 cm.

Gaisa micélija veids bija atskirigs V. inaequalis un V. pyrina izolatiem. Abelu
kraupja ierosinataja izolatiem noveéroti Cetri gaisa mic&lija veidi: vaji izteikts,
irdens, biezs vilnains un biezs voilokveida; bumbieru kraupja ierosinataju
izolatiem konstateti tikai divi gaisa micélija veidi: biezs vilnains un biezs
voilokveida.

Kolonijas malas veids. Liclakai dalai V. inaequalis un V. pyrina izolatu bija
vidgji izteikta kolonijas mala. Vaji izteiktu kolonijas malu novérotas tikai
V. inaequalis izolatiem, savukart V. pyrina izolatu ar tadu kolonijas malas veidu
nebija vispar.

Sporulacijas intensitate. P&tljuma laikd &belu un bumbieru kraupja
ierosinataju izolatiem novérotas sporulacijas intensitates variacijas no vajas vai
neesoSas (nav) lidz bagatigai. Bagatigu sporulaciju V. inaequalis izolatiem
novérota biezak neka V. pyrina izolatiem, savukart lielakajai dalai V. pyrina
izolatu sporulacija bija vaja vai tas nebija vispar.

Kolonijas centrala punkta krasas raksturojums. Saja péfijuma kraupja
ierosinataju izolatiem noverotas tikai tris no sesamagrak aprakstitajamipasibam:
krasa lidziga kolonijas pamatkrasai, krasa tum§aka neka kolonijas pamatkrasa,
un krasa gaiSaka neka kolonijas pamatkrasa.

Kolonijas centrdla punkta micglija makroskopiskais raksturojums. Saja
pétijuma kraupja ierosinataju izolatiem Sai TpaSibai novérotas tikai divas no

Micélija krasa varigja liela spektrala diapazona. Venturia inaequalis
izolatiem novérota 21 micglija krasa, savukart V. pyrina izolatiem krasu dazadiba
bija mazaka — tikai astonas micglija krasas. Abu sugu izolatiem vargja novérot
ari izolatus ar micélija krasu zongjumu, ar 2—3 krasu rinkveidigu nokrasu, kas
apgriitindja precizu micélija krasas noteikSanu.

Venturia inaequalis izolatu grup&8ana morfotipos. Lai varétu veikt
V. inaequalis izolatu grup&anu morfotipos, ar Pirsona korelacijas analizi tika
atlasitas tas izolatu morfologiskas ipasibas, kuru korelacijas koeficients nebija
mazaks par r = 0.300 (vidg€ja lidz cieSa korelacija).

14



Balstoties uz Pirsona korelacijas analizi, V. inaequalis izolati sagrupéti
morfotipos péc trim morfologiskajam pazimém: gaisa micélija veida,
sporulacijas intensitates un kolonijas malas veida.

Pamatojoties uz hierarhijas analizé iegiitajiem rezultatiem, V. inaequalis
izolati sagrup@ti astonos morfotipos.

Morfotips 1 (1. (a) att.). Kolonijas ar vidgji izteiktu malu, biezu vilnainu gaisa
miceliju, bagatigu sporulaciju, dazadiem kolonijas diametriem. Izolatiem
novérota plasu gaisa micélija krasu dazadiba. Saja grupa ietilpst 37 izolati, no
kuriem 59% (n = 22) izdaliti no lapam.

Morfotips 2 (1. (b) att.). Kolonijas ar vidgji izteiktu malu, irdenu gaisa
micéliju, bagatigu sporulaciju, 1.6 cm un lielaku diametru. Lielakai dalai (86%)
izolatu gaisa micélija krasa bija zalgani peléka un gaisi zalgani peleka. Grupa
ietilpst septini izolati, no kuriem 71% (n = 5) izdaliti no lapam.

Morfotips 3 (1. (c) att.). Kolonijas ar vaji izteiktu malu, irdenu gaisa mic&liju,
bagatigu sporulaciju, 1.6 cm un lielaku diametru. Visiemizolatiem gaisa mic€lija
krasa bija pel&cigi zala. Grupa ir pieci izolati, no kuriem 80% (n = 4) izdaliti no
lapam.

Morfotips 4 (1. (d) att.). Kolonijas ar vidgji izteiktu malu, biezu vilnainu gaisa
micgliju, vidgju sporulacijas intensitati, 2.1 cm un lielaku diametru. Izolatiem
bija plasa gaisa micélija krasu dazadiba. Grupa ietilpst 29 izolati. Sadaltjums pec
augu materiala, no kura izdaliti izolati, ir gandriz vienads — 51% (n = 15) no
augliem un 49% (n = 14) no lapam.

Morfotips 5 (1. (e) att.). Kolonijas ar vidgji izteiktu malu, biezu voilokveida
gaisa mic€liju, vid&ju sporulacijas intensitati, 1.6 cm un lielaku diametru. Plasa
gaisa micélija krasu dazadiba. Grupa ietilpst 46 izolati, no kuriem 72% (n = 33)
izdaliti no lapam.

Morfotips 6 (1. (f) att.). Kolonijas ar izteiktu malu, biezu voilokveida gaisa
micgliju, sporulacija netika noveérota, kolonijas diametrs — 1.6 cm un lielaks.
Plasa gaisa micélija krasu dazadiba. Grupa ietilpst 15 izolati, no kuriem73%
(n=11) izdaliti no lapam.

Morfotips 7 (1. (g) att.). Kolonijas ar vidgji izteiktu malu, biezu vilnainu gaisa
micgliju, sporulacija netika noverota, dazadi kolonijas diametri un plasa gaisa
micelija krasu dazadiba. Grupa ietilpst devini izolati. Sadalfjums p&c augu
materiala, no kura izdaliti izolati, ir gandriz vienads — 51% (n =5) no lapam un
49% (n = 4)no augliem.

Morfotips 8 (1. (h) att.). Kolonijas ar vidgji izteiktu malu, biezu voilokveida
gaisa micéliju, sporulacija netika novérota, kolonijas diametrs — 1.6 ¢cm un
lielaks. Plasa gaisa mic€lija krasu dazadiba. Grupa ietilpst 31 (n = 18) izolats, no
kuriem 58% izdaliti no lapam.
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1. att. Venturia inaequalis izolatu astonu morfotipu grupu vizualais
raksturojums:
morfotips 1 (a), morfotips 2 (b), morfotips 3 (c), morfotips 4 (d), morfotips 5 (e),
morfotips 6 (f), morfotips 7 (g), morfotips 8 (h) /
Fig 1. Visual characterization of eight morphotype groups of
Venturia inaequalis isolates:
morphotype 1 (a), morphotype 2 (b), morphotype 3 (c), morphotype 4 (d),
morphotype 5 (e), morphotype 6 (f), morphotype 7 (g), morphotype 8 (h)

Venturia pyrina izolatu grupé8anai morfotipos tika atlasitas tikai tas ipaSibas,
kuram korelacijas koeficients nebija mazaks par r = 0.300.

Venturia pyrina izolati grup&i morfotipos, balstoties wuz trim
morfologiskajam TpaS§ibam: gaisa micélija veids, kolonijas malas veids un
sporulacijas intensitaite. Pamatojoties uz hierarhijas analiz€ iegiitajiem
rezultatiem, V. pyrina izolati sagrupéti ¢etros morfotipos.

Morfotips 1 (2. (a) att.). Kolonijas ar vidgji izteiktu malu, biezu voilokveida
gaisa micéliju, atSkirigiem kolonijas diametriem. Sporulacija vaja vai netika
novérota. Vairak neka pusei izolatu (63%) novéroti gaisi olivpeleki vai gaisi
pelécigi olivkrasas gaisa mic@liji. Grupa ietilpst 27 izolati, no kuriem 52%
(n = 14) izdaliti no augliem.

Morfotips 2 (2. (b) att.). Kolonijas ar izteiktu malu, biezu voilokveida gaisa
mic€liju, 2.1 cm un lielaku diametru, plasu gaisa micé€lija krasu dazadibu.
Sporulacija netika novérota. Saja grupa ir septini izolati, no kuriem 57% (n = 4)
izdaliti no lapam.

Morfotips 3 (2. (c) att.). Kolonijas ar vidgji izteiktu malu, biezu vilnainu gaisa
micéliju, 2.1 cmun lielaku diametru. Vairak neka pusei izolatu (63%) bija méreni
olivbrina krasa. Sporulacijas intensitate videja un vaja; lielakai dalu izolatu
(n=47 no 67) sporulacija netika noveérota vispar. Grupa ietilpst 67 izolati, no
kuriem 73% (n = 49) izdaliti no augliem.

Morfotips 4 (2. (d) att.). Kolonijas ar vidgji izteiktu malu, biezu vilnainu gaisa
micgliju, bagatigu sporulaciju, 2.1 cm un lielaku diametru. Lielakai dalai izolatu
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(71%) novéroja méreni olivbrinu krasu. Grupa ir septini izolati, visi izdaliti no
augliem.

2. att. Venturia pyrina izolatu éetru morfotipu grupu vizualais
raksturojums:
morfotips 1 (a), morfotips 2 (b), morfotips (c) un morfotips 4 (d) /
Fig. 2. Visual characteristics of four morphotype groups of Venturia pyrina
isolates:morphotype 1 (a), morphotype 2 (b), morphotype 3 (c), morphotype 4 (d)

legttie rezultati norada, ka Latvija ir liela V. inaequalis un V. pyrina genotipu
fenotipiska daudzveidiba.

Abelu kraupja ierosinataja V. inaequalis Latvijas populacijas
daudzveidibas raksturojums, izmantojot SSR markierus

Venturia inaequalis Latvijas populacijas daudzveidibas raksturo$anai péc
iegltajiem rezultatiem no ieprieks parbaudita 31 SSR praimeru para no talakiem
pétijumiem izslegti 19 SSR praimeru parus, no kuriem 11 (laac3b, laac4h,
Vigt8/146, Viaggt8/1, Vitcca7/P, Vitc2/16, Vitg9/99, Vica9/x, ViaacS10,
Vica9/134, Vitg9/129) bija monomorfi, sesi (laacdb, laac4f, EMVi 001b,
EMVi0032¢c, Viga3d/z, Vical0/154) uzradija vairakus griti interpretgjamus
amplikonus un divi SSR praimeru pari (Vitc1/82 un Vitc1/2) vairak neka 10
analiz€tajiem izolatiem neuzradija nevienu amplikonu(4. tab.).

4. tabula / Table 4
Mikrosatelitu markieru polimorfisma raksturojums / Characteristics of the
polymorphism of microsatellite markers

Amplificéta parauga

Markieris / ruma robezas, b
Markers %aAmpIiﬁed sampls Na Ne ! h PIC

length range, bp
Vicacg8/42 192-226 13 2.75 1.42 0.64 0.627
Vitgl1/70 186-210 11 5.79 1.96 0.83 0.823
Vigtg10/95 128-157 9 2.30 1.14 0.57 0.549
Vica9/152 152-185 9 2.65 1.42 0.62 0.602
Vitc2/D 188-252 29 14.31 2.88 0.93 0.934

17




4. tabulas turpinajums / Table 4 continued

Amplificéta parauga

Markieris / aruma robezas, b
Markers %Amplified samplg Na Ne I h PIC

length range, bp
Viga7/116 139-174 9 3.55 1.53 0.72 0.710
Vigtl0/e 174-176 2 1.01 0.04 0.01 0.013
Vict1/130 149-157 5 1.68 0.87 0.40 0.405
EMVi029 163-218 15 4.20 1.91 0.76 0.746
ltclg 112-188 27 9.27 2.63 0.89 0.884
1tclb 151-191 10 2.44 1.31 0.59 0.604
ltcla 109-160 19 13.62 2.73 0.93 0.925

Na — alélu skaits lokusa; Ne — efektivo alglu skaits lokusd; I — Senona informativais
indekss; h — geénu daudzveidibas indekss (Nei); PIC — polimorfisma informativais
indekss / Na — total number of alleles; Ne — effective number of alleles; | — Shannon’s
information index; h — gene diversity (Nei); PIC — polymorphic information content.

Balstoties uz V. inaequalis paraugkopas izvertesana iegitajiem rezultatiem,
abelu kraupja ierosinataju Latvijas populacijas daudzveidibas raksturos$anai bija
izveleti tikai 12 SSR praimeru pari, kuri amplific€ja vienu fragmentu un uzradija
fragmentu garumu atSkiribas starp testetajiem izolatiem (4. tab.).

Pettjuma laika ar atlasitajiem SSR markieriem no sakotngjiem 183 izolatiem,
kuriem jau iepriek$ bija raksturotas morfologiskas pazimes, tika genotipéta 143
V. inaequalis izolatu paraugkopa. AtlikuSie 40 izolati izslégti no talakiem
pétijumiem paraugu piesarnojuma dél. Analizétie V. inaequalis izolati ievakti no
diviem galvenajiem abolu audzESanas regioniem Latvija — Zemgales un
Kurzemes, no dazadiem saimniekauga genotipiem, kas audzeti dazada veida
darzos (5. tab.).

5. tabula/ Table 5
Malus genotipi, no kuriem izdaliti petijuma ieklautie V. inaequalis izolati /
Malus genotypes from which V. inaequalis strains included in this study were

extracted
Malus genotips / Malus Izdalito V. inaequalis izolatu skaits / Number of
genotypes isolated V. inaequalis strains
Zemgale | Kurzeme
Komercdarzs* / Commercial orchards
‘Lobo’ 19 6
‘Auksis’ 7 2
‘Kovalenkovskoje’ 0 7
‘Belorusskoje Malinovoje’ 0 14
‘Rubin’ 0 6
Malus domestica 0 9
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5. tabulas turpinajums / Table 5 continued

Malus genotips / Malus Izdalito V. inaequalig izolatu skaits / Number of
genotypes isolated V. inaequalis strains
Zemgale | Kurzeme
Piemajas darzs / Home gardens
‘Huvitus’ 11 0
‘Sister of Liberty’ 1 0
‘Antonovka’ 2 0
‘Auksis’ 1 0
‘Vista Bella’ 1 0
‘Rudens Svitrainais’ 5 0
Malus domestica 2 3
Hibridu lauks / Germplasm collections
‘Raja’ 7 0
Nr.16-97-109 5 0
‘Belorusskoje Malinovoje’ 5 0
Nr.29-97-1 6* 0
‘Stars’ 5* 0
‘Popes abele’ 1* 0
Apstadijumi / Greenery
Kolonnveida abele 10 0
‘Carnikava’ 4 0
Malus toringo 4 0
Kopa: 96 47

* — darzos pielietoti augu aizsardzibas lidzekli / used the plant protection products

Mikrosatelitu (SSR) markieru polimorfisma raksturojums. Kopuma 143
V. inaequalis izolatiem bija amplificétas 158 alles, un to skaits (Na) svarstijas
no divam Iidz 29 alélém viena lokusa (4. tab.).

Alglu skaits atspogulo V. inaequalis Latvijas populacijas genctiskas daudz-
veidibas Itmeni un ir lidZigs (ar nelielam novirzém) rezultatiem, kas iegtti
pétijumos par V. inaequalis populacijam citas valstis (Tenzer et al., 1999; Guerin
et al., 2004; Xu et al., 2012; Mezhina et al., 2014; Koopman et al., 2017;
Kozlovskaja et al., 2021).

Vismazakais polimorfisms (N, = 2) novérots markierim Vigtl0/e. Augsts
polimorfisms novérots markieriem Vitc 2/D (29 aléles viena lokusa) un ltclg
(27 al@les viena lokusa). Latvija V. inaequalis populacijas konstatétais alélu
skaits Vitc 2/D lokusa ir lielaks (29) neka analogiskos pétijumos iegiitie raditaji
(16) (Mezina et al., 2014), ASV (6) (Sitther et al., 2017) un Krievija,
Ziemelkaukaza (6) (Suprun et al., 2018).

Efektivo alélu skaits (Ne) svarstijas no 1.01 (Vigtl0/e) lidz 14.31 (Vitc2/D)
alelém lokusa. Nei génu daudzveidibas indekss (h) svarstijas no 0.01 lidz 0.93
atkariba no markiera. Lielakie raditaji bija markieriem Vitc2/D, 1tclg un ltcla
(4. tab.). Senona informativais indekss (I) svarstijas no 0.04 lidz 2.88.
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Polimorfisma informativais indekss (PIC, polymorphic information content)
svarstijas no 0.013 (Vigtl0/e) 1idz 0.934 (Vitc2/D). Jo lielaka konkréta markiera
Senona informativais indekss (I) un PIC vértiba, jo informativaks tas skaitas.
Venturia inaequalis populaciju raksturojums. Uzsakot p&tijumu, bija izvirzits
pienémums, ka V. inaequalis populacija varétu bat saistita ar abelu audz&$anas
regioniem (Zemgale un Kurzeme), tomér péc “Structure” programmas veiktas
analizes grup&juma V. inaequalis populacija tika sadalita tiTs genétiskas grupas
K1 — K3 neatkarigi no abelu audze$anas regioniem: (K =3, AK = 8.94, In
Pr (X/K) £ -2720.58 + 4.58 (3. att.).
1.0
0.8
0.6
0.4

0.2
0.0

K1

K2 K3

3. att. Venturia inaequalis izolatu grupéjums tris genétiskas grupas (K= 3),
izmantojot “Structure” datorprogrammu, balstoties uz 143 izolatu genotip&Sanas datiem,
tam izmantojot 12 SSR markierus /

Fig. 3. Grouping of Venturia inaequalis isolates into three genetic groups

(K = 3) by the computer program "Structure” based on the genotyping data of 143
isolates with 12 SSR markers

Pirmaja grupa (K1) tika ieklauti 38% (n = 54) V. inaequalis izolatu ar gandriz
vienadu izolatu skaitu no Latvijas regioniem — Zemgales un Kurzemes. Saja
grupa lielaka dala izolatu bija monokonidijuizolati (n = 46), kas bija iegiti lidz
2013. gadam (n = 44) divos galvenajos auglkopibas centros Latvija (Dobel& un
Ptre; n = 44): no augliem (n = 33), komercialajos darzos (n = 32) un stadijumos
ar fungicidu apstradi (n = 36).

Otraja grupa (K2) bija ieklauti 28% (n = 40) V. inaequalis izolatu, kas
galvenokart bija no Zemgales (82%; n = 33) un bija iegiti no augliem, vai lapam
dazados gados, un augldarzos ar fungicidu apstradi (n = 22) vai bez tas (n = 18).
Puse §is grupas izolatu bija iegati komercialajos darzos (n = 20) un ipasi no
Skirnes ‘Lobo’(n=17).

Tresaja grupa (K3) bija 34% (n = 49) V. inaequalis izolatu, no kuriem 73%
bija iegfti Zemgal& (n = 36, ipasi Dobele n=231). Saja grupa ir vienads to izolatu
skaits, kas iegiiti no augliem (n = 24) vai lapam (n = 25). Lielakais daudzums
izolatu ir monokonidiju izolati (n = 30), kas kolekcija bija ievakti lidz 2013.
gadam (n = 33) no dazada veida augldarziem ar fungicidu apstradi (n =21) un
bez tas (n=28). Puse no §is grupas izolatiem bija izdaliti no S$kirném
‘Huvitus’(n = 10), ‘Belorusskoje Malinovoje’(n=9) un ‘Lobo’ (n=15).
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Analizgjot iegiitos rezultatus un salidzinot V. inaequalis izolatu grup&umu
tris genétiskas grupas (K1, K2, K3), izolatu grupésana netika atrastas nekadas
sakaribas. Izolati bija sagrup€ti neatkarigi no Skirnes, no kuras patoge€ns bija
izdalits, un neatkarigi no augu materiala veida (lapas vai augli) un geografiskas
izcelsmes.

Génu daudzveidiba (h) V. inaequalis izolatu tris gengtiskas grupas (K)
svarstas diapazona no 0.53 1idz 0.64. Senona informativais indekss (1) svarstas
no 1.18 (K2) 1idz 1.51 (K3). Otraja genétiskaja grupa (K2) novérots privato alélu
(Pa) trokums, vismazakais al€lu skaits (Na) un arT zemakais génu daudzveidibas
raditajs (h) starp pétamajam grupam (6. tab.).

6. tabula / Table 6
Venturia inaequalis Latvijas populacijas genétiskas daudzveidibas
raksturojums péc grupésanas tris genétiskajas grupas* / Characterization
of the genetic diversity in three genetic groups of V. inaequalis population in

Latvia*

Grupa N Na Pa Ne k | h
K1 54 7.33 1.67 3.60 14 1.33 0.59
K2 40 6.08 0.92 3.71 11 1.18 0.53
K3 49 9.00 2.75 4.57 14 1.51 0.64

* — tabula atspogulotas visu analiz&to markieru vidgjas vértibas; N — izolatu skaits;

Na — alglu skaits lokusa; Pa — privato alelu skaits; Ne— efektivo alelu skaits lokusa;

k — Malus genotipu skaits; | — Senona informativais indekss; h — génu daudzveidiba
(Nei) / * — the table shows the average values of all analyzed markers; N — number of
isolates; Na — total number of alleles; Pa — private alleles; Ne — effective number of
alleles; k — number of Malus genotypes; | — Shannon’s information index; h — gene
diversity (Nei).

Lai izprastu iespgjamo V. inaequalis izolatu grupésanas iemeslu, neatkarigi
no audze$anas regiona (Zemgale un Kurzeme), no darza veida vai saimniekauga
genotipa, tika veikta vl viena strukturala analize, 143 izolatiem no Latvijas
papildus ieklaujot taja v&l seSus V. inaequalis references izolatus ar zinamam
rasém un ieprieks raksturotu virulenci (Bus et al., 2011; Caffier etal., 2015). Saja
analizé 149 V. inaequalis izolatus sadalija Cetras genctiskajas grupas: (K = 4,
AK =9.86, In Pr(X/K) £ -2814.29 + 2.97) (4. att.).

Saja gadijuma grup&$ana Cetras genctiskajas grupas K1-K4 kopuma atbilst
pirmas analizes grup&jumam; iznémums ir viena lielaka grupa K3 (n = 58), kura
ietilpa tr1s references izolati — EU-B04, 1634 un 2408 — ar jau zinamu virulenci
uz Malus genotipiem ar Rvil, Rvi4 un Rvi8 rezistences géniem (Bus et al., 2011;
Caffier etal., 2015). Saja grupa ietilpa 67 % Zemgalé ievaktu izolatu (n = 37) un
33% Kurzemé ievaktu izolatu (n = 18), kas parsvara bija iegtti ka monokonidiju
izolati no augliem un kuri bija ievakti 1idz 2013. gadam (n = 47). Lielaka dala
izolatu bija ievakti komercdarzos (n = 32) ar intensivu fungicidu apstradi.
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K1 K2 K3 K4

4. att. Venturia inaequalis izolatu grupésana ¢etras genétiskajas grupas
(K = 4), izmantojot “Structure” datorprogrammu, balstoties uz 149 izolatu
genotip&Sanas datiem, tam izmantojot 12 SSR markierus /

Fig. 4. Grouping of Venturia inaequalis isolates into four genetic groups

(K = 4) by the computer program "Structure” based on the genotyping data of 149
isolates with 12 SSR markers

Tris citi rases references izolati — 147, 1127 un 333, kuri ir virulenti uz
Malus genotipiem ar citiem rezistences géniem — Rvi5, Rvi6 (Bus et al., 2011;
Caffier et al., 2015) un Rvi2 (V. Caffier, personiga komunikacija) un Rvi2 —
sagrup&jas K2 grupa vél ar 36 V. inaequalis izolatiem no DI kolekcijas. Saja
grupa ietilpa monokonidiju (n = 14) vai askusporu (n = 16) izolati no tuvu
augoSiem augldarziem (bez fungicidu apstradi, n = 28) Zemgalé (n = 30) un
parsvara Dobelé (n = 28) ievaktam abelu lapam.

7.tabula/ Table 7
Venturia inaequalis Latvijas populacijas genétiskas daudzveidibas
raksturojums péc izolatu grupésanas Cetras genétiskajas grupas,
pievienojot seSus rases references izolatus* / Characterization of the genetic
diversity in four groups of Venturia inaequalis population in Latvia, including
six race reference isolates*

Grupa N Na Pa Ne k | h
K1 23 4.67 0.42 2.94 7 1.03 0.50
K2 36 8.00 2.00 4.13 14 1.42 0.62
K3 58 7.67 1.83 3.92 14 1.32 0.58
K4 32 5.42 0.75 3.10 9 1.17 0.56

* — tabula atspogulotas visu analiz&to markieru vidgjas vertibas; N — izolatu skaits;
Na — alelu skaits lokusa; Pa— privato alelu skaits; Ne— efektivo alelu skaits lokusa;

k — Malus genotipu skaits; | — Senona informativais indekss; h — génu daudzveidiba
(Nei) / * — the table shows the average values of all analyzed markers; N — number of
isolates; Na — total number of alleles; Po — private alleles; Ne — effective number of
alleles; k — number of Malus genotypes; | — Shannon’s information index;

h — gene diversity (Nei).
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Vislielakais efektivo alélu skaits (Ne), génu daudzveidiba (h), Senona
informativais indekss (I) un privato alélu skaits (Pa) starp ¢etram genétiskajam
grupam bija grupas K2 (2.00) un K3 (1.83), kur ietilpa references izolati (7. tab.).

Salidzinot tris AMOVA rezultatus, varja noverot augstu genctisko variaciju
gan populaciju ieksiené, gan starp populacijam (8. tab.). Zemu genétisko
variaciju starp populacijam Zemgale un Kurzemé apstiprindja zema PhiPT
vertiba. Savukart populacija ar seSiem rases references izolatiem noverotas
augstakas variacijas populaciju iekSiené (85%) neka starp populacijam
(15%) (8. tab.).

8. tabula / Table 8

Venturia inaequalis Latvijas populacijas genétisko grupu molekularas

variacijas analizes rezultati / Results of the molecular variation analysis of
Venturia inaequalis genetic groups in the Latvian population

- Novirzu - o
Variaciju avots / Bm:Tbas Kvadratu Variacijas Proc'?nglala i p-
Source of pakape / summa / komponents | variacija / PhiPT vértiba /
variation Degrees of Sum of / Variance | Percentage Probabi
freedom components | variation lity
squares

Starp divam
genttiskajam 1 17.33 0.21 5 0.05 | 0.001
grupam (Zemgale
un Kurzeme)
Iekspopulaciju 141 546.74 3.88 95 - —*
Kopa 143 564.03 4.10 100 - -
Starp trim
genétiskajam
grupam 2 57.41 0.53 13 0.13 | 0.001
(“Structure”
K =3)
Iek$populaciju 140 507.65 3.63 87 - -
Kopa 143 565.06 4.16 100 - -
Starp Cetram
genctiskajam
grupam 3 76.10 0.61 15 0.15 | 0.001
(“Structure”
K=4)
IekSpopulaciju 145 511.69 3.53 85 - -
Kopa 149 587.79 4.14 100 - -

PhiPT — genétiska diferenciacija; * — nav kritérija raksturojuma /
PhiPT — genetic differentiation among populations; * — no criterion characterization.
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Venturia inaequalis izolatu virulences raksturo$ana un abelu $kirnu
izturibas noteikSana in vitro apstaklos

Pirmas V. inaequalis izolatu un Malus genotipu mijiedarbibas reakcijas visos
eksperimentos konstatétas jau 1-2 ned€las péc infic€$anas. No piecam citos
pétijumos aprakstitam reakcijam (Chevalier, Lespinasse, Renaudin, 1991;
Martinez-Bilbao et al., 2012; Bus et al., 2011; Caffier et al., 2015) $aja petijuma
novérotas tikai Cetras: hlorozi vai/un nekrozi, hlorozi vai/un nekrozi ar
ierobezotu sporulaciju, hlorozi vai/un nekrozi ar bagatigu sporulaciju un
bagatigu sporulaciju bez saimniekauga audu reakcijas.

Kopuma eksperimentos ar viena veida augu materiala (lapu vai auglu)
izmantoSanu iegitie rezultati bija 11dzigi, iznemot atseviskas kombinacijas, kas
varétu bt saistits ar lapu un auglu ontogenézes procesiem (Gessler,
Stumm, 1984; Xu, Robinson, 2005).

5. att. Abelu genotipu un V. inaequalis izolatu nesaderigas mijiedarbibas

izpausmes uz augliem: (a) un (b) — nekroze un punktveida iegrimumi ‘Priscilla’

augla miza péc inficé$anas ar lauka populaciju; (c) un (d) — nekroze un punktveida
iegrimumi ‘Edite’ augla miza vienu nedélu péc inficésanas ar M146.2.21 izolatu /
Fig.5. The phenotype of incompatible interaction of apple genotypes and
V. inaequalis isolates on fruits: (a) and (b) — necrosis and spots resembling
pin-points on ‘Priscilla’ fruits after inoculation with the field population, (c) and

(d) — spots resembling pin-points and necrosis on ‘Edite’ fruits one week after
inoculation with M146.2.21

Lielaka dala parbaudito mijiedarbibu kombinacijam (80%) novérotas

nesaderigas reakcijas: nekroze un/vai hloroze bez patogéna sporulacijas vai ar
ierobezotu sporulaciju.
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Visi eksperimentos ieklautie V. inaequalis izolati un lauka populacijas bija
nesaderigas ar Skirni ‘Priscilla’. Viena no eksperimentiem, kura inficé$ana veikta
ar otinas palidzibu, genotipi ‘Priscilla’ un ‘Edite’ kombinacijas ar lauka
populaciju un V. inaequalis izolatu M146.2.21 uz augliem uzradija rezistences
reakcijas, kas atgadinaja punktveida iegrimumus (5. att.).

Lielaka dala genotipu bija dalgji ienemigi, kas izpauzas ka hloroze vai/un
nekroze ar bagatigu sporulaciju (6. att. (a-c)). Mijiedarbibas rezultata ar lielako
dalu no parbauditajiem izolatiem uz genotipa ‘Lobo’ augliem arl noverotas
dalgjas ienémibas reakciju (6. att. (c)). Ienémibas reakciju konstatétas tikai
daziem genotipiem kombinacija ar vismaz vienu V. inaequalis izolatu un tikai
atseviskos eksperimentos (6. att. (d—f)).

lapam un augliem: (a) un (b) — hloroze un nekroze ar bagatigu sporulaciju uz
M. toringo lapas p&c inficéSanas ar izolatu M146.2.21;

(c) — kraupja bojajumi ar ierobeZotu sporulaciju uz genotipa ‘Lobo’ augliem péc
inficé$anas ar izolatu M137.1.1; (d) — kraupja bojajumi ar sporulaciju uz genotipa
‘Lobo’ augliem péc infic€Sanas ar izolatu M146.2.21; (e) un (f) — kraupja bojajumi ar
bagatigu sporulaciju uz genotipa ‘Lobo’ augliem p&c infic€Sanas ar lauka populaciju.
Palielinagjums: (b) un (e) — 35x; (f) — 400x% /

Fig. 6. Interaction phenotypes of apple genotypes and V. inaequalis on leaves
and fruits: (a) and (b) — chlorosis and necrosis with abundant sporulation on
M. toringo leaf after inoculation with M146.2.21; (c) — scab lesions with limited
sporulation on ‘Lobo’ fruits after inoculation with M137.1.1; (d) — scab lesions with
sporulation on ‘Lobo’ fruit after inoculation with M146.2.21, (e) and (f) — scab lesions
with abundant sporulation on ‘Lobo’ fruits after inoculation with field population.
Magnifications: (b) and () — 35x; (f) — 400x

Virulences atSkirtbas noverotas visiem eksperimentos ieklautajiem
Venturia inaequalis izolatiem. Katrs V. inaequalis izolats bija virulents uz
atSkirigiem genotipiem, kas apstiprina to izcelsmes atSkiribu. Latvijas izcelsmes
izolati bija virulenti un sp&ja izraisit saslimsanu tiesi Latvija plasi audz&tiem
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genotipiem, kas liecina par vietgjo V. inaequalis populaciju adaptaciju Latvija
audz@tajiem genotipiem. Divi izolati, M139.1.1 un M142.1.1, kas bija izdaliti no
genotipa ‘Lobo’, bija virulenti uz ta pasa genotipa. Izolats M146.2.21, kas
izdalits no M. toringo, bija virulents uz genotipiem ‘ Lobo’, M. toringo un ‘Gala’.
Venturia inaequalis izolats M1.1.1, kas bija izdalits no Polija audzEta genotipa
‘Gala’, bija virulents tikai uz genotipiem ‘Gala’, ‘Golden Delicious’ un
‘Belorusskoje Malinovoje’, bet ne uz citiem Latvija plasi audz&tiem genotipiem
vai genotipiem ar rezistences génu Rvi6.

Venturia pyrina izolatu virulences raksturo$ana un bumbieru §kirnu
izturibas noteik$ana in vitro apstaklos

Visos eksperimentos pirmos kraupja simptomus vai rezistences reakcijas
noverotas gan makroskopiski, gan mikroskopiski 1-2 nedglas péc infic€sanas.
Saja pétijuma ari konstatStas visas piecas ieprick§ aprakstitas reakcijas
(Chevalier et al., 2004), kas norada uz V. pyrina izolatu atSkirigo virulenci un
bumbieru Skirnu dazadajiem rezistences vai ienémibas Itmeniem, ko noveéroj usi
citi zinatnieki (Chevalier et al., 2004, 2008a; Brewer et al., 2009; Bouvier et
al., 2012).

Lidzgi ka V. inaequalis /Malus genotipu infic€Sanas eksperimentos ari $aja
pétijuma dazam mijiedarbibas kombinacijam tika noveroti atSkirigi rezultati, kas
varétu bt saistits ar ontogenctiskam izmainam lapas un auglos (Kemp, van
Dieren, 2000). Lielakai dalai parbaudito genotipu un V. pyrina izolatu
kombinaciju (82%) bija nesaderigas mijiedarbibas reakcijas, kas izpaudas ka
nekroze vai hloroze bez sporulacijas un ka nekroze vai hloroze ar ierobezotu
sporulaciju (7. att.).

Genotipi ‘Condo’, ‘Laurina’ un ‘Schedraja’ mijiedarbiba ar visiem
eksperimentos ieklautajiem V. pyrina izolatiem un arT ar lauka populacijam visos
petijuma gados uzradija rezistences un dal&jas rezistences reakcijas.
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7. att. Bumbie ru genotipu un V. pyrina izolatu mijiedarbibas izpausmes uz
augliem un lapam: (a) — nekroze bez patogéna sporulacijas uz genotipa ‘Pepi’
augliem péc infic€Sanas ar Py31.1.3 izolatu; (b) — hloroze un nekroze bez patogéna
sporulacijas uz genotipa ‘Schedraja’ lapam péc inficéSanas ar Py35.1.1; (c) un
(d) — nekroze un hloroze ar ierobeZotu patogéna sporulaciju uz genotipa ‘Moskovskaja’
augliem péc inficéSanas ar Py48.2.1 /

Fig. 7. Interaction phenotypes of pear genotypes and V. pyrina on leaves and
fruits: (a) — necrosis without pathogen’s sporulation on ‘Pepi’ fiuit after inoculation
with Py31.1.3; (b) — chlorosis and necrosis without pathogen’s sporulation on
‘Schedraya’ leaf after inoculation with Py35.1.1; (c¢) and (d) — chlorosis and necrosis
with limited pathogen’s sporulation on ‘Moskovskaya’ fruit after inoculation with
Py48.2.1

Zvaigznveida nekroze bez vai ar ierobeZotu sporulaciju novérota uz genotipa
‘Talgarskaja Krasavitsa’ augliem mijiedarbiba ar pieciem V. pyrina izolatiem
(Py28.2.4, Py29.1.3, Py31.1.3, Py35.1.1 un Py48.2.1) un ari ar lauka populacijam
(8. att.), ka arT uz genotipiem ‘Nojabrskaja’, kas inokuléts ar V. pyrina izolatu
Py48.2.1, un ‘Masuk’, kas inokul&ts ar Py28.2.4.

8. att. Nesaderigas mijiedarbibas izpausme zvaigZnveida nekrozes veida uz
bumbieres genotipa ‘Talgarskaja Krasavitsa’ augliem: péc inficéSanas ar
V. pyrina izolatiem Py28.2.4 (a), Py35.1.1 (b) un Py48.2.1 (c) /

Fig. 8. Stellate necrosis, as the incompatible interaction phenotype on
‘Talgarskaya Krasavitsa’ fruit after inoculation with V. pyrina isolates:
Py28.2.4 (a), Py35.1.1 (b) and Py48.2.1 (c)
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Zvaigznveida nekroze uz genotipiem var liecinat par iesp&amu Rvpl
rezistences géna klatbitni (Bouvier et al., 2012). Sis rezistences reakcijas
noverotas eksperimentos, kur infic€Sanu veica ar otinas palidzibu.

Eksperimentos lielaka dalu bumbieru genotipu noverteti ka 3.b klase jeb
dalg&ji ienemigas, uzradot nekrozi ar bagafigu patogena sporulaciju (9. att. (a—€)).
Pilnigi ienemigas reakcijas (4. klase) bija retas.

9. att. Bumbieru genotipu un V. pyrina izolatu mijiedarbibas izpausmes uz
augliem un lapam:
nekroze ar bagatigu patogéna sporulaciju uz genotipa ‘Serenade’ augliem (a un b) un uz
genotipa ‘Hortensia’ augliem (c) péc inficéSanas ar lauka populaciju; (d) un
(e) — nekroze ar bagatigu patogéna sporulaciju uz genotipa ‘Talgarskaja Krasavitsa’
lapam péc infic€Sanas ar Py48.2.1 izolatu; (f) — bagatiga patogena sporulacija bez audu
reakcijas uz genotipa ‘Talgarskaja Krasavitsa’ augliem péc inficé$anas ar Py47.1.1.
Palielinajums: (b), (c) un (f) —5 mm; (&) — 50 ym /
Fig. 9. The interactions phenotypes of pear genotypes and V. pyrina on fruits
and leaves:
necrosis with abundant pathogen’s sporulation on ‘Serenade’ fruits (a and b) and on
‘Hortensia’ fruits (c) after inoculation with field population; (d) and (e) —necrosis with
abundant pathogen’s sporulation on ‘Talgarskaya Krasavitsa’ leaf after inoculation
with Py48.2.1; (f) — abundant pathogen’s sporulation without host tissue reaction on
‘Talgarskaya Krasavitsa’ fruits after inoculation with Py47.1.1; Magnifications: (b), (c)
and (f) —5 mm; (e) — 50 pm

Patogéna sporulacija bez saimnieka audu reakcijas noverota tikai uz
genotipiem ‘Conference’, ‘Moskovskaja’, ‘Belorusskaja Pozdnaja’, ‘Talgarskaja
Krasavitsa’ un ‘Pepi’ kombinacija ar atsevisSkiem izolatiem (9. att. (f)).

Pilnigi iene@migas reakcijas (4. klase) bija retas arT $aja petijuma. Patog&na
sporulacija bez saimniecka audu reakcijas konstateta tikai genotipiem
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‘Conference’, ‘Moskovskaja’, ‘Belorusskaja  Pozdnaja’, ‘Talgarskjya
Krasavitsa’ un ‘Pepi’ kombinacija ar atseviskiem izolatiem (9. att. (f)).

Visi eksperimentos ieklautie V. pyrina izolati bija virulenti pret vismaz vienu
Pyrus genotipu un vismaz viena no veiktajiem eksperimentiem. Katrs V. pyrina
izolats bija virulents uz atSkirigiem genotipiem, kas apstiprina patogénu
populaciju atSkirtbu, kura novérota arf citos pétijumos pétijumos (Stanton, 1953;
Chevalier et al., 2002, 2008a). Liclaka dala V. pyrina izolatu bija saderigi ar
vienu 11dz Cetriem bumbieru genotipiem, savukart izolati Py47.1.1 un Py48.2.1,
kas izoléti no dazadas vietdas audzetas Skirnes ‘Mlejevskaja Rannaja’, bija
virulenti uz se$iem Pyrus genotipiem.

Venturia inaequalis rasu sastava noteik§ana no 2017. gada lidz 2022.
gadam rases diferencéjoso Malus genotipu stadijuma

Apkopojot sesu gadu datus, konstatéts, ka kraupja attistibas pakapes uzlapam
rases diferencéjoSo Malus genotipu stadijjuma at$kiras gan vienas vegetacijas
sezonas garuma, gan visa noverosanas perioda. Slimibas attistibas pakape varigja
plasa diapazona: no 1 1idz astonam ballem (9. tab.).

9. tabula / Table 9
Kraupja attistibas pakapes vértejums uz V. inaequalis rases
diferencéjosiem Malus genotipiem vegetacijas sezonas no 2017. gada Iidz
2022. gadam / Evaluation of scab severity on V. inaequalis races differential
Malus genotypes in the vegetation seasons from 2017 to 2022

Genotips / | Rezisten- Kraupja vértésana pa gadiem, balles (1-9)* un
Genotype | ces géns / |standartnovirze (SN) / Apple scab severity scoresin the each
Resistance year (1-9)* and standard deviation (SD)
gene 2017 | 2018 2019 2020 2021 2022
‘Gala’ nav 1.2**+0./1.1+0.3 1.1+0.3 | 1.2+0.4 | 3.6x1.1 | 2.2+0.2
4

‘Golden Rvil 1.2+0.4|1.1+0.3 1.5+0.8 | 1.4+0.7 | 3.6%0.7 | 2.0+0.3
Delicious’
TSR34715 Rvi2 1.0+0 | 1.0£0| 1.0+0 1.0£0 1.0+0 1.0£0
Q71 Rvi3 1.0+0 | 1.0£0| 1.9+1.2 | 3.3+0.7 | 5.4+2.5| 2.0+0
TSR33T239 Rvi4 | 1.1+0.3| 1.0+0| 1.4+0.8 | 2.8+0.9 | 5.8+2.0 | 2.240.2
9-AR2T196 Rvi5 1.0+0 | 1.0£0| 1.0x0 1.0£0 1.0+0 1.0£0
‘Priscilla’ Rvi6 1.0+0 | 1.0£0| 1.0+0 1.0£0 1.0+0 1.0£0
M. floribunda |Rvi6, Rvi7| 1.0£0 | 1.0£0| 1.0+0 1.0£0 1.0+0 1.0£0
B45 Rvi8 1.0+0 | 1.0+0| 1.5+0.8 | 2.2+0.9 | 4.2+2.9 | 2.0+0
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9. tabulas turpinajums / Table 9 continued

Genotips / | Rezisten- |Kraupja vértéSana pa gadiem, balles (1-9)* un standartnovirze
Genotype | ces géns / | (SN) / Apple scab severity scores in the each year (1-9)* and
Resistance standard deviation (SD)
gene 2017 2018 2019 2020 2021 2022

34 Rvi9 1.0+0 | 1.0+0| 1.040 1.040 | 1.2+0.4| 1.0+0
IA723-6 Rvil0 1.240.4 | 1.0+0| 1.2+0.4 | 1.2+0.4 | 1.9+0.3 | 1.8+0.2
‘Hansen's Rvil2 1.0+0 | 1.0+0| 1.0+0 1.0+0 1.0+0 | 1.0+0
baccata 2
‘Durello de Rvil3 1.0£¢0 | 1.0£0| 1.0%0 1.0£¢0 | 1.1+0.3 | 1.0+0
Forli’
‘Dulmener Rvil4 1.0+¢0 | 1.0+0| 1.040 1.0£0 1.0£0 | 1.0+0
Rosenapfel’
GMAL2473 | Rvil5 1.0+0 | 1.0+0| 1.0+0 1.0+0 1.0+0 | 1.0+0

* — slimiba veértéta vizuali pec 9 ballu skalas, kur: 1 — nav redzamu simptomu;

2 — viens vai dazi atseviski bojajumi; 3 — bojajumi, kas sagrupéti atseviskas koka
dalas; 4 — starpposms starp 3 un 5; 5 — daudzi bojajumi, kas plasi izplatiti liela koka
dala; 6 — starpposms starp 5 un 7; 7 — smaga infekcija, puse no lapam ar vairakiem
bojajumiem; 8§ — starpposms starp 7 un 9; 9 — koks ir smagi skarts, gandriz visam
lapam ir vairaki bojajumi; ** — vertibas, kas atspogulo vidgjo slimibas attistibas pakapi
gada, individuali novertgjot piecus kokus katram genotipam divas reizes sezona /

* — disease was scored visually following 1-9 scoring scale, where: 1 — no visible
symptoms; 2 — one or very few individual lesions; 3 — lesions clustered in few parts of
the tree; 4 — intermediate between 3 and 5; 5 — numerous lesions widespread over a
large part of the tree; 6 — intermediate between 5 and 7; 7 — severe infection, half of
the leaves with multiple lesions; 8 — intermediate between 7 and 9; 9 — tree severely
affected, nearly all leaves with multiple lesions; ** — scores representing the average
disease development rate per year by individually evaluating five trees for each
genotype twice per season

Jau pirmaja veértéSanas gada noverota patog€na sporuléSana uz genotipiem
‘Gala’ /h(0), ‘Golden Delicious’ /h(1), TSR33T239 /h(4) un A723-6 /h(10).
SporuléSana uz Siem genotipiem norada uz rasu 1., 4. un 10. klatbGtni
Vinaequalis populacija DI darza un rezistences génu Rvil, Rvi4 un Rvil0
parvarésanu.

DI darza 2019. gada tika apstiprinatas vél divas rases 3. un 8. Kraupja
bojajumi ar bagatigu sporulaciju un bez audu reakcijas novéroti uz genotipu
Q1/Rvi3 un B45/Rvi8 lapam. Slimibas attistibas pakape Siem genotipiem DI
stadijuma vari¢ja plasa diapazona, un 2021. gada bija noveroti augstakie raditaji
5.4un4.2 (9. tab.).

L1dz2021. gadam kraupja ierobeZoSanai stadijuma nebija izmantots neviens
augu aizsardzibas lidzeklis, iesp&ams, patogéna lielas akumulacijas dél gadu
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garuma 2021. gada v&él diviem genotipiem — J34/Rvi9 un ‘Durello
de Forli’/Rvil3 — konstat&ti dazi sporul&josi plankumui bez audu reakcijas.

Savukart 2022. gada vasara stadijuma bitiski bija samazinajusies slimibas
attistibas pakape (9. tab.), kas, iesp&jams, saistits ar 2021. gada rudeni veiktajiem
kraupja ierobezosanas pasakumiem.

Kopuma sesu gadu laika sporulacija bez audu reakcijas novérota astoniem
genotipiem: ‘Gala’ /h(0), ‘Golden Delicious’ /h(1), Q71 /h(3), TSR33T239 /h(4),
B45 /h(8), J34 /h(9), A723-6 /h(10) un ‘Durello di Forli’ /h(13), kas var liecinat
par vairaku rezistences g&nu parvaré$anu un rasu klatbatni.

Vairakiem genotipiem: h(2), h(5), h(6), h(7), h(12), h(14) un h(15) kraupja
pazimes netika konstatetas ne uz lapam, ne uz augliem. Rezistences géni, kas,
muasuprat, ir daudzsolo$i ievieSanai selekcija Latvija ir Rvi2, Rvi5, Rvi6, Rvi7,
Rvil2, Rvil4 un Rvil5.
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SECINAJUMI

. Venturia inaequalis un V. pyrina Latvijas populacijas novérota izolatu
morfologiska daudzveidiba katras sugas ietvaros, kas atspogulo patogénu
iekSpopulaciju daudzveidibu Latvija. Izdaliti astoni V. inaequalis un &etri
V. pyrina morfotipi. (1. téze)

. Izmantojot SSR markierus, Venturia inaequalis populacija sadalita vairakas
genétiski atSkirigas grupas. Jaturpina p&tijjumi, lai noskaidrotu faktorus, kas
to nosaka. (1. teze)

. Gandriz visiem abelu un bumbieru genotipiem izturibas/ienemibas
noverteéSanas rezultati in vitro eksperimentos sakrita ar iepriek$gjos laika
periodos un lauka apstaklos iegiitajiem rezultatiem. Katrs no V. inaequalis un
V. pyrina izolatiem bija virulents uz atSkirigiem genotipiem. Latvijas
izcelsmes izolati bija virulentaki attieciba uz Latvija plasi audzetiem
genotipiem, kas liecina par viet€jo kraupja ierosinataju populaciju
adaptaciju. (2. teze)

. Pamatojoties uz seSu gadu monitoringa rezultatiem, var secinat, ka
Darzkopibas institita darza V. inaequalis populacija ir konstatétas vismaz
Cetras V. inaequalis rases — 1., 3., 4., 8., un genotipu rezistence ar géniem
Rvil, Rvi3, Rvi4 un Rvi8 ir parvaréta. (3. téze)

. Malus genotipiem ar rezistences géniem Rvi2, Rvi5, Rvi6, Rvi7, Rvil2, Rvil4
un Rvil5 netika konstatetas kraupja pazimes ne uz lapam, ne uz augliem, un
musuprat tie ir daudzsolosi ievie$anai selekcija Latvija. (3. teze)
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PATEICIBAS

Pettjuma dati iegiiti, un promocijas darba izstrade Iidzfinansgta, pateicoties
projektiem:

e ESF projekts Nr. 8.2.2.0/20/1/001 “LLU pareja uz jauno doktorantiiras
finans€Sanas modeli”.

e LZP-2019/1-0094 “Masinu dzilas maciSanas un datizraces pielietoSana augu
un patogénu mijiedarbibas izp&tei: abelu un bumbieru kraupja patosistemas”.

e LZP grants “Abelu un bumbieru rezistences pret kraupi daudzveidibas un
iedzimtibas izpéte, patogénu Venturia inequalis un Venturia pyrina rasu un
populaciju daudzveidibas raksturojums”.

o ESF projekts “Zinatniskas kapacitates stiprinasana auglkopibas, mezu un
informacijas tehnologijas nozar€s, nodro$inot videi draudzigu audzESanas
risinajumu, produktu izstrades un ievieSanas izpéti ar datortehnologiju
atbalstu”.

e Globals pétnieku un zinatnisko institliciju tikls “Monitoring of Venturia
inaequalis virulence’s”, V. inaequalis rases diferenc€joso genotipu kolekeijas
izveide un rasu paradiSanas ilggadigs monitorings.

Izsaku pateicibu darba kolégiem no Darzkopibas institiita par atbalstu darba
izstrades procesa. Ipass paldies kolégim Edgaram Rubauskim par veértigajiem
ieteikumiem datu apstradé un Arturam Stalazam darba tehniskaja uzlabojuma.

Esmu pateiciga savai gimenei par atbalstu un pacietibu visa darba tapSanas
procesa. Liels paldies manai kursabiedrenei Irinai Sivickai gan par moralo
atbalstu, gan par veértigajiem ieteikumiem.
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INTRODUCTION

The domestic apple (Malus domestica (Suckow) Borkh.) and the European
pear (Pyrus communis L.) are among the most common fruit plants not only in
Latvia, but all over the world. Statistics show that as many as 8000 t of apples
were produced in Latvia in 2017 (EU-28 Fresh Deciduous Fruit Annual, 2018).
According to the data of the Rural Support Service, in 2018 the area of
commercial apple orchards in Latvia was 2662.38 ha where organic orchards
covered 321.54 ha. As regards pear plantations, they occupied almost 200 ha,
with commercial plantations covering 100 ha of which only 14.73 ha were
covered by organic gardens.

Fresh apples and pears can be provided to consumers almost all year round.
However, the volume and quality of the yield are affected by diseases that can
damage all parts of the plants. Apple and pear diseases are caused by fungi,
bacteria and viruses.

Every year, apple and pear growers in Latvia and around the world suffer
great economic losses because of apple scab (causal agent Venturia inaequalis)
and pear scab (causal agent Venturia pyrina). As a result of scab, yield losses in
organic farming systems can reach 40-80% (Capocexk, 2011), and in some cases
even 100 % if plant protection products are not used (Kienholz, 1937; Liu,
Richards, Shabi, 1990; Smith, 2009; Sugar, Hilton, 2011).

Changes in agricultural techniques, introduction of new cultivars, as well as
climate changes affect the populations of V. inaequalis and V. pyrina, new and
more aggressive races are formed which are able to adapt to changing
environmental conditions (MacHardy, Gadoury, Gessler, 2001; Ebrahimi et
al., 2016). There are 14 known races of V. inaequalis, the causal agent of apple
scab, and five races of V. pyrina, the causal agent of pear scab (Bus et al., 2011;
Caffier et al., 2015; Patocchi et al., 2020). Pathogens are able to adapt and
overcome cultivar resistance and develop resistance to fungicides (Chevalier et
al., 2004; Jamar et al., 2007; Lespinasse et al., 2008; Ebrahimi et al., 2016;
Gonzalez-Dominguez et al., 2017).

The description of the diversity of pathogen populations and determination
of the racial composition allow predicting more accurately the aggressiveness of
pathogens and formation of new races. This information helps to evaluate
breeding material and introduce new resistant cultivars in gardens.

The aim: to describe the population diversity of local V. inaequalis and
V. pyrina and determine the composition of V. inaequalis races in Latvia.

The tasks of research:

e characterise the diversity of the populations of V. inaequalis and V. pyrina in
Latvia;

e characterize the virulence of V. inaequalis isolates and determine the resistance
of apple genotypes in vitro;
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e characterize the virulence of V. pyrina isolates and determine the resistance of
pear genotypes under in vitro conditions;

e determine the composition of V. inaequalis races in Latvia using race
differentiating Malus genotypes in field conditions.

Novelty of research:

o for the first time, morphological characterisation of Latvian populations of
apple scab causal agent V. inaequalis and pear scab causal agent V. pyrina have
been performed, as well as the characterisation of genetic diversity of Latvian
populations of apple scab causal agent V. inaequalis using 12 microsatellite
(SSR) markers;

e characterisation of virulence of V. inaequalis and V. pyrina isolates performed
for the first time, with determination of the resistance of apple and pear
genotypes using leaves and newly developed fruit in vitro;

o for the first time, the composition of V. inaequalis races in Latvia has been
determined by using Malus genotypes for discrimination.

Research hypothesis: the populations of the causal agents of apple and pear
scab V. inaequalis and V. pyrina in Latvia are diverse, and several V. inaequalis
races are present in Latvia.

These to be defended:

e in Latvia, the populations of V. inaequalis and V. pyrina are diverse;

o the diversity and virulence of scab agents depend on the diversity of host
genotypes in gardens;

e several races of V. inaequalis occur in Latvia.

Structure of the Doctoral Thesis: introduction, literature review, Materials
and methods, results and discussion, conclusions, reference listand annexes. The
Ph. D. thesis has 91 pages (excluding bibliography and appendices); contains 30
table, 14 figures; 443 bibliographic sources, as well as 27 annexes.

Approbation of research data: Five peer-reviewed scientific papers, that
have been indexed either in Scopus or Web of Science databases, are published
based on the results of this study. The results have been reported in five oral
presentations as well as six poster presentations at scientific conferences.
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CONDITIONS AND METHODOLOGY OF THE STUDY
Place and time of the study

The studies were conducted between 2014 and 2022 in the Unit of Plant
Pathology and Entomology of the Institute of Horticulture (hereinafter — the
Institute):

— the diversity of scab agents was characterised on potato dextrose agar
(PDA) according to the morphological features of isolates;

— microsatellite markers (SSR) were used to characterise the genetic
diversity of V. inaequalis, the causal agent of apple scab;

— the virulence of Venturia inaequalis and V. pyrina isolates was measured
and the resistance of apple and pear genotypes was determined. During the study,
five in vitro inoculation experiments using apple/pear leaves and apple/pear
immature fruits were carried out between 2013 and 2016;

—the race composition of Venturia inaequalis was determined in a
plantation established in the territory of the Institute with 15 V. inaequalis races
differential Malus genotypes.

Characterisation of the diversity of Latvia’s population of Venturia
inaequalis and V. pyrina

The place of the study. Between 2010 and 2017, a collection of isolates of
causal agents of scab was created. The collection contained isolates that were
collected from 19 apple and eight pear genotypes, surveying 16 apple and 15 pear
plantations in five regions of Latvia.

Collection of samples. A total of 167 samples of apple and 53 samples of pear
plant material were collected: apple and pear leaves and/or fruits with scab-like
lesions. Venturia species were identified in the laboratory by host plant affiliation
and morphological features of the pathogen using a binocular “XT12/13/24B2”
and a stereomicroscope “Leica DMLS”.

Creation of an isolate collection. Single-spore cultures of Venturia inaequalis
and V. pyrina were obtained from conidia on fruit and leaf lesions and preserved
inthe collection on different media: on potato dextrose agar (PDA), oatmeal agar
(OMA) and in sterile distilled water (H20).

Preparation of isolates for the studies. Before the studies, the growth of
isolates was restored in a Petri dish containing PDA medium. After sowing, fungi
were incubated for 14 days at room temperature (22+2 °C) in 65% relative
humidity. Then isolates were growed separately for each study, either on PDA
media (for characterisation of morphological features and inoculation
experiments) or in potato dextrose broth (PDB) (for DNA extraction).

36



Characterisation of morphological features of Venturia inaequalis and
V. pyrina

The morphology of V. inaequalis un V. pyrina isolates was described using
V. inaequalis colony classification methodology of Kirkham (Kirkham, 1957)
and Nasonov and Yakuba (Haconos u fxy6a, 2020) what we had modified for
our study. Isolates were grown on PDA media and incubated at room temprature
(22 £ 2 °C) for one month.

The morphological features characterised: a diameter of colonies, the type of
aerial mycelium, the type of the margin/edge of the colony, sporulation intensity,
the colour of colonies, the colour of the central growing point of the colony and
the type of mycelium of the central growing point of the colony. The presence of
sporulation was determined visually with a light microscope (“Leica DMLS”).

The intensity of sporulation for each isolate was classified depending on the
number of spores seen in the field of view of the microscope (at 400x
magnification). The size of the isolate colony was determined as an average
parameter of two colony measurements: horizontal and vertical. The colour of
the colony was determined using the colour chart for plants developed by the
Royal Horticultural Society (RHS Colour Chart, UK).

Characterisation of genetic diversity of the Venturia inaequalis population
with SSR markers

For DNA extraction, the isolates were grown for 21-28 days in a liquid
medium (PDB) at room temperature (22 £ 2 °C). The mycelium was dried by
lyophilisation and ground into a fine powder using liquid nitrogen. DNA was
extracted with a reagent kit “DNeasy Plant Mini Kit” (“Qiagen”, Vacija)
according to the manufacturer’s instructions. For each sample, the concentration
and purity of the extracted DNA was assessed with a spectrophotometer
“ND- 1000” (“NanoDrop”). The extracted DNA samples were stored at —20 °C.

Before the genetic analysis of the V. inaequalis population, testingof 31 SSR
microsatellite primer pairs (Tenzer et al., 1999; Guerin et al., 2004; Xu et
al., 2009) was performed using a set of samples with 18 isolates from different
host plant genotypes, which also had different origins. After testing a set of
V. inaequalis samples, 12 SSR primer pairs were selected for analysis of the
collection of causal agents of scab (Table 1).

PCR amplification of microsatellite markers was performed in a 25 pL
reaction volume per sample. Amplification was performed in a thermal cycler
“EP 45 Gradient” (“Eppendorf”) with PCR conditions: initial denaturation for
5 minutes at 95 °C, denaturation for 30 seconds at 95 °C, hybridisation for
90 seconds at56 °C (or 60 °C depending on the marker), elongation for
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30 seconds at 72 °C, final elongation for 30 minutes at 60 °C. Table 1 shows the
hybridisation temperature provided for each microsatellite marker.

The obtained PCR amplification products and their approximate lengths were
checked by electrophoresis in a 4.0 % agarose gel (“AppliChem”), adding
ethidiumbromide to visualise the DNA fragments in the gel with ultraviolet light.
The lengths of fragments were determined with a length marker “O’RangeRuler
20 bp Ladder” (“Thermo Scientific”).

The lengths of the amplified fragments were determined at the Latvian State
Forest Research Institute “Silava”, with a genetic analyser “3130x1” (“Applied
Biosystems”, ASV).

Determination of virulence of Venturia inaequalis and V. pyrina and
resistance of apple and pear cultivars in vitro

Plant material. During the study, five experiments were carried out infecting
apple/pear leaves and apple/pear immature fruits. For each combination of
genotypes and isolates, two to five young leaves (GS 33 according to the BBCH
scale, Meier et al., 2001) and immature fruits (GS 74-75) were inoculated,
depending on their availability during each vegetation period.

Leaves and fruits were collected without visual damage from trees growing
in the genetic resource collection of the Institute which had not been treated with
fungicide. Leaves were inoculated in two experiments (Experiments 1 and 3),
and immature fruits were inoculated in three experiments (Experiments 2, 4
and 5).

In total, eight apple and 18 pear genotypes with different
resistance/susceptibility to scab in field conditions were tested in the
experiments, along with five Malus genotypes tested in the experiments with
known resistance. The genotypes for the experiments were selected to cover as
wide a range of genotypes as possible — both local and widely grown cultivars
in commercial orchards and backyard gardens, as well as cultivars widely grown
in other European countries.

Isolates and inoculum preparation. Nine V. inaequalis isolates and seven
V. pyrina isolates, which were obtained from different host plant genotypes and
had different geographical origins, were included in the experiments to test the
virulence of causal agents of scab. Four V. inaequalis isolates were isolated from
apple genotypes grown in Latvia, one isolate from a genotype grown in Poland,
and the other four were reference isolates (147, 333, 1634 and 2408) with a
known race, namely, belonging to races 2, 4, 5 and 8 and virulent to Malus
genotypes with resistance genes Rvi2, Rvi4, Rvi5 and Rvi8 (Bus et al., 2011;
Caffier etal., 2015; V. Caffier, personal communication for strain 333). V. pyrina
isolates included in the experiment were isolated only from host plant genotypes
grown in Latvia, and their race affiliation and virulence were unknown.
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As a positive control, spore suspension was used in all experiments, which
was prepared by collecting infected leaves and fruits from different genotypes of
host plants (Malus or Pyrus — depending on the experiment) growing in the
Institute’s plantation without fungicide treatment. Distilled water was used as a
negative control in the experiments.

Inoculation and incubation. Inoculation of leaves and immature fruits was
carried out in all experiments with spore suspension by applying it in two ways:
(1) with a pipette applying two to four drops of 50 pL suspension on the leaf or
fruit surface (Experiments 1 and 2) and (2) by applying the suspension on leaf
and fruit surfaces with a brush dipped twice in the suspension (E xperiments 3, 4
and 5).

Before their inoculation in Experiments 1 and 2 (2013), leaves and fruits were
not disinfected, only washed three times with distilled water. Disinfection was
not performed in these experiments to avoid damage to the cuticle and epidermis
and to preserve the maximum natural condition of leaves and fruits. In
subsequent experiments (Experiments 3, 4, and 5 between 2014 and 2016),
leaves and fruits were disinfected with a 70% ethanol solution by immersing
themin a disinfectant liquid for one minute and then rinsing them three times in
sterile distilled water.

After the inoculation, leaves were incubated in moist chambers in Petri dishes
(Experiment 1 in 2013) and onan aluminium foil tray on floral foam (Experiment
3in 2014). Fruits were incubated in moist chambers in transparent plastic boxes
with lids (Experiment 2 in 2013) and on aluminium foil trays on floral foam
moistened with sterile distilled water (Experiments 4 and 5 in 2015-2016).

Immature fruits in Experiment 1 were kept in transparent boxes with a lid in
the laboratory on a table under natural light and incubated at room temperature.
The incubation of leaves and fruits in Experiments 2-5 was carried out under
controlled conditions — in plant growing chambers (“Binder KBW 720”) at a
temperature between 20 to 22 °C in the light (16 hours) and at 18 °C in the dark
(8 hours), with 80% relative humidity.

Methodology of observations. During all experiments symptoms were digi-
tally documented. For the first time, leaves and fruits were assessed one week
after the day of inoculation, then again once a week until the end of all
experiments. Manifestations of susceptibility or resistance, which occurred in the
process of interaction between V. inaequalis isolates and apple genotypes and
between V. pyrina isolates and pear genotypes, were evaluated according to the
mthodology described by Chevalier et al., 1991, 2004) where: 0 — no
macroscopic signs and no observable signs of plant tissue reaction;
1 — hypersensitivity reaction; 2 — chlorosis or necrosis without sporulation;
3.a— chlorosis or necrosis with limited sporulation; 3.b — chlorosis or necrosis
with abundant sporulation; 4 — abundant sporulation without plant tissue
reaction. The observed interactions were further classified according to Caffier
et al. (2015), where interactions with a score of 0-2 are considered resistant
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(incompatible); 3.a — moderately resistant (incompatible); 3.b — partially
susceptible (compatible) and 4 — susceptible (compatible). In order to confirm
the observed tissue reactions, as well as the presence of V. inaequalis and
V. pyrina sporulation, each macroscopic feature was examined using a binocular
and stereomicroscope.

Determination of the race composition of Venturia inaequalis in Latvia,
using races differential Malus genotypes

In 2010, as part of the “Vinquest” project, a collection of 15 differential
Malus genotypes from Switzerland, Agroscope Changins-Wadenswil (Table 2)
was created at the Institute of Horticulture to determine the racial composition of
V. inaequalis.

The plantation of races differential Malus genotypes was established in the
orchard of a germplasm collection of the Institute (in Krimtinu pagasts of Dobele
municipality) on 15 October 2016. Each races differential Malus genotype was
propagated by grafting it onto dwarf rootstocks ‘B396’, five seedlings for each
genotype. Trees were planted 1.2 x 4.0 m; isolation distance between trees —
3 m. Apples were planted in five blocks according to the “Vinquest” planting
scheme, one tree for each genotype in each block. Genotypes that were not
available (h(16)-h(20)) were replaced by genotype ‘Golden Delicious’ /h(1).

Apples were planted in a humus-rich carbonate soil (Vki), according to the
granulometric composition of the soil (sandy clay (sM), soil reaction pHkci 7.3;
humus content — 2.9%; phosphorus content (P,0s) — 132 mg kg'%; potassium
content (K20) — 170 mg kg?). The place chosen for the plantation was suitable
for growing apples.

In growing of plants a general strategy was applied, except for the fact that
fungicides were not applied in the plantation. From 2021 onwards, sanitary
measures were carried out for decomposition of fallen leaves. Insecticides were
used to prevent the spread of green apple aphids (Aphis pomi).

Methodology of field observations for characterisation of V. inaequalis races
in the plantation of differential Malus genotypes. The evaluation of scab
occurence and stage of development in the “Vinquest” plantation was assessed
twice per season, startingin2017. The firstassessment was carried out at the 19"
stage of plant growth (Meier et al., 1994), when the first leaves of apples reached
the characteristic size; the second assessment was carried out at the 33" stage of
plant growth (Meier et al., 1994). The degree of disease development was
determined visually by assessing each tree individually and using a nine-point
scale in the evaluation, according to the “Vinquest” methodology (Table 3)
(Lateur, Populer, 1994; Patocchi et al., 2009).

According to the “Vinquest” methodology, when assessing evaluation of scab
severity, only V. inaequalis damage without the plant tissue reaction is taken into
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account, which indicates the overcoming of the resistance gene of Malus
genotypes and the presence of the V. inaequalis race in the existing plantation
(population).

Description of meteorological conditions. Meteorological conditions are
important because they affect the development of V. inaequalis during the
growing season of apples. Therefore, the amount of precipitation and the average
air temperature from the first decade of April to the third decade of September
were described. Meteorological data was obtained from the field weather station
“Lufft” of the Institute in 2017-2022.

Comparing meteorological conditions throughout the study period from 2017
till 2022, the least precipitation was observed in April and May in almost all
years, except for 2021 and 2022. The amount of precipitation during this period
affects the formation and development of the primary infection of V. inaequalis
in plantations.

In 2022, the total amount of precipitation in the summer in Dobele (233 mm)
by 5% exceeded the amount recorded during the long-term observations
(222.6 mm). In Dobele, the amount of precipitation in 2021 and in August of
2022 was higher than in 2017-2020, thus the formation and development of the
secondary infection of scab, as well as the risk of spread during the harvest and
storage increased. The summers of 2018 and 2019 were hot and dry. The year
2020 was the warmest year in the history of meteorological observations in
Latvia (since 1924).

Mathematical data analyses

The presence of morphological characteristics of Venturia inaequalis and
V. pyrina isolates among the isolates was determined with the descriptive
statistics module of the “SPSS 17.0” (Norman, Dale, Hadlai, 1968) software.
Pearson’s correlation coefficient (r) was calculated to determine how strong the
relationships were between the established morpholgical characteristics of the
isolates. The grouping of isolates into morphotypes according to their
morphological characteristics was done using a hierarchy analysis.

“GenAlEx 6.41” (Peakall, Smouse, 2006) was used to characterise the
parameters of genetic diversity for each SSR marker: the length of alleles, the
number of alleles per a locus (N,), the number of effective alleles per a locus (Ne)
(Nei, 1987), the number of private alleles in each population (P,), Shannon’s
information index (1) (Lewontin, 1972) and the gene diversity index (h)
(Nei, 1973).

The distribution of genetic diversity of Venturia inaequalis in Latvia’s
population was characterised by the analysis of molecular variance (AMOVA),
calculating the coefficient of genetic differentiation (PhiPT). The polymorphism
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information content (PIC) was calculated using using Lamboy's “SSRS”
computer program (personal communication with G. Laci).

The genetic structure and differentiation of Venturia inaequalis populations
were evaluated using haploid data analysed with a Bayesian approach in the
computer software “Structure 2.3.4.” (Pritchard et al., 2000). To determine the
most likely number of populations (K) among V. inaequalis isolates, a model for
no admixed populations was used which depended on the allele frequency in
each microsatellite marker (with 100,000 burn-ins and 300,000 Markov Chain
Monte-Carlo (MCMC) repetitions). All probabilities were replicated 20 times for
each K (analysing them over a range of 2-12) to confirm the probability of
loglikelihood. The most probable grouping was visualised using the “CLUMPP
1.1” (Jakobsson, Rosenberg, 2007) and “Structure Plot V2.0” (Ramasamy et
al., 2014) programmes.

For the assessment of the evaluation of scab severity (on a scale from one to
nine) in the “Vinquest” plantation, statistical processing of data was performed
using the “MS Excel” programme. Indicators of descriptive statistics were
calculated: the arithmetic mean, the standard deviation, the standard error, the
minimum and maximum values.

RESULTS

Characterisation of morphological features of Venturia inaequalis and V.
pyrina isolates

The diversity of Latvia’s population of V. inaequalis and V. pyrina, the causal
agents of scab, is characterised by the morphological features of the isolates
contained in the Institute’s collection, i.e. 183 V. inaequalis and 104 V. pyrina
isolates.

The colony size (diameter) of the analysed isolates on the medium used in
the study varied from 0.6 to 5.7 cm for V. inaequalis isolates and from 0.7 to 5.2
cm for V. pyrina isolates. The group with a colony diameter > 2.1 cm included
the largest number of V. inaequalis and V. pyrina isolates.

The type of aerial mycelia differed for V. inaequalis and V. pyrina isolates.
There were four types of aerial mycelia for isolates of the causal agent of apple
scab: weakly expressed, porous, thick woolly and thick felty; only two types of
aerial mycelium were found for isolates of the causal agent of pear scab: thick
woolly and thick felty.

The type of a colony margin/edge. Most of V. inaequalis and V. pyrina
isolates had a moderately pronounced colony edge. Only V. inaequalis isolates
had a weak colony edge (poorly defined), while V. pyrina isolates had no such a
type of a colony edge at all.
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Sporulation intensity. During the study, the variations in sporulation intensity
observed for apple and pear scab pathogen isolates ranged from weak or absent
(none) to abundant. Abundant sporulation was observed more often for
V. inaequalis isolates than for V. pyrina isolates, while most of V. pyrina isolates
had weak or no sporulation.

Characterisation of the colour in the centre of the colony. In this study, only
three of the six previously described characteristics were observed in scab
pathogen isolates: pigmentation similar to the base colour of the colony,
pimentation darker than the base colour of the colony, and pigmentation lighter
than the base colour of the colony.

Macroscopic characterisation of the mycelium in the centre of the colony. In
this study, only two of the five described variations for this characteristic were
observed in isolates of the scab causal agents: the mycelium was thick woolly
and thick felty.

The colour of the mycelium varied over a wide spectral range. For
Venturia inaequalis isolates, 21 colours of the mycelium were observed, while
for V. pyrina isolates the colours varied less significantly, namely, the mycelium
had only eight colours. However, zones of mycelium colour with a ring-like
shade of 2-3 colours could also be observed for the isolates of both species, what
made it difficult to accurately determine the colour of the mycelium.

Grouping of Venturia inaequalis isolates into morphotypes. To group
V. inaequalis isolates into morphotypes, Pearson’s correlation coefficient was
used to select the morphological characteristics of the isolates whose correlation
coefficient was no less than r = 0.300 (moderate to strong correlation).

Based on Pearson’s correlation coefficient, V. inaequalis isolates were
grouped into morphotypes according to three morphological characteristics: the
type of the aerial mycelium, sporulation intensity and the type of the edge/margin
of the colony.

On the basis of the results of the hierarchy analysis, V. inaequalis isolates
were grouped into eight morphotypes.

Morphotypes 1 (Fig. 1. (a)). Colonies with a moderately pronounced edge,
thick woolly aerial mycelium, abundant sporulation, different diameters of the
colony. The isolates displayed a wide variety of colours of the aerial mycelium.
This group includes 37 isolates, 59% (n=22) of which were isolated from leaves.

Morphotypes 2 (Fig. 1. (b)). Colonies with a moderately pronounced edge,
porous aerial mycelium, abundant sporulation, 1.6 cm and larger in diameter.
The colour of the aerial mycelium of most of the isolates (86%) was greenish
grey and light greenish grey. The group includes seven isolates, 71% (n = 5) of
which were isolated from leaves.

Morphotypes 3 (Fig. 1. (c)). Colonies with a weakly pronounced edge, porous
aerial mycelium, abundant sporulation, 1.6 cmand larger in diameter. The colour
of the aerial mycelium of all isolates was greyish-green. There are five isolates
in the group, 80% (n = 4) of which were isolated from leaves.
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Morphotypes 4 (Fig. 1. (d)). Colonies with a moderately pronounced edge,
thick woolly aerial mycelium, medium intensity of sporulation, 2.1 cmand larger
in diameter. The isolates showed a wide variety of aerial mycelium colours. The
group includes 29 isolates. As regards their distribution according to the plant
material from which the isolates were isolated, it is almost the same: 51%
(n=15) from fruits and 49% (n = 14) from leaves.

Morphotypes 5 (Fig. 1. (e)). Colonies with a moderately pronounced edge,
thick felty aerial mycelium, medium intensity of sporulation, 1.6 cm and larger
in diameter. There was a wide variety of aerial mycelium colours. The group
includes 46 isolates, 72% (n = 33) of which were isolated from leaves.

Morphotypes 6 (Fig. 1. (f)). Colonies with a distinct edge, thick felty aerial
mycelium, sporulation was not observed, the diameter of the colony was 1.6 cm
and larger. There was a wide variety of aerial mycelium colours. The group
includes 15 isolates, 73% (n = 11) of which were isolated from leaves.

Morphotypes 7 (Fig. 1. (g)). Colonies with a moderately pronounced edge,
thick woolly aerial mycelium, with no sporulation. Diameters of the colonies
differed and there was a wide variety of aerial mycelium colours. The group
includes nine isolates. As regards their distribution according to the plant
material fromwhich the isolates were isolated, it is almost the same: 51% (h =5)
from leaves and 49% (n = 4) from fruits.

Morphotypes 8 (Fig. 1. (h)). Colonies with a moderately pronounced edge,
thick felty aerial mycelium, with no sporulation, the diameter of the colony was
1.6 cm and larger. There was a wide variety of aerial mycelium colours. The
group includes 31 isolates, 58% (n = 18) of which were isolated from leaves.

For the grouping of Venturia pyrina isolates into morphotypes, only those
characteristics for which the correlation coefficient was no less than r = 0.300
were selected.

V. pyrina isolates were grouped into morphotypes on the basis of three
morphological characteristics: the type of the aerial mycelium, the type of the
edge/margin of the colony and sporulation intensity. According to the results
obtained in the hierarchy analysis, V. pyrina isolates were grouped into four
morphotypes.

Morphotypes 1 (Fig. 2. (a)). Colonies with a moderately pronounced edge,
thick felty aerial mycelium, different diameters of the colonies. Sporulation was
weak or absent. The aerial mycelia were light olive grey or light greyish olive for
more than half of the isolates (63%). The group includes 27 isolates, 52%
(n = 14) of which were isolated from fruits.

Morphotypes 2 (Fig. 2. (b)). Colonies with a distinct edge, thick felty aerial
mycelium, 2.1 c¢m and larger in diameter, displaying a wide variety of aerial
mycelium colours. Sporulation was not observed. There are sevenisolates in this
group, 57% (n = 4) of which were isolated from leaves.

Morphotypes 3 (Fig. 2. (c)). Colonies with a moderately pronounced edge,
thick woolly aerial mycelium, 2.1 cm and more in diameter. More than half of
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the isolates (63%) had a moderate olive brown colour. The intensity of
sporulation was medium and weak; most of the isolates (n =47 out of 67) did not
show any sporulation at all. The group includes 67 isolates, 73% (n = 49) of
which were isolated from fruits.

Morphotypes 4 (Fig. 2. (d)). Colonies with a moderately pronounced edge,
thick woolly aerial mycelium, abundant sporulation, 2.1 cm and larger in
diameter. A moderate olive brown colour was observed for most of the isolates
(71%). There are seven isolates in the group, all isolated from fruits.

The obtained results show that there is a great phenotypic diversity of
V. inaequalis and V. pyrina genotypes in Latvia.

Characterisation of the diversity of Latvia’s population of
V. inaequalis, the causal agent of apple scab, using SSR markers

To characterise the diversity of Latvia’s population of Venturia inaequalis,
according to the obtained results, from the previously tested 31 SSR primer pairs,
19 SSR primer pairs were excluded from further studies, of which 11 (laac3b,
laacdh, Vigt8/146, Viaggt8/l, Vitcca7/P, Vitc2/16, Vitg9/99, Vica9d/x,
ViaacS10, Vica9/134, Vitg9/129) were monomorphic, six (laacdb, laac4f,
EMVi 001b, EMVi0032c, Viga3/z, Vical0/154) showed several difficult to
interpretamplicons, and two primer pairs (Vitc1/82 un Vitc1/2) did not show any
amplicons for more than 10 analysed isolates. On the basis of the results obtained
after the evaluation of the sample set of V. inaequalis, only 12 SSR primer pairs
were selected for characterising the diversity of Latvia’s population of the causal
agent of apple scab, which amplified one fragment and showed differences in
fragment lengths among the tested isolates (Table 5).

During the study, a sample set of 143 V. inaequalis isolates was gentped with
the selected SSR markers from the initial 183 isolates whose morphological
features had been characterised earlier. The remaining 40 isolates were excluded
from further studies due to the contamination of samples. The analysed
V. inaequalis isolates were collected from two main apple-growing regions in
Latvia, namely, Zemgale and Kurzeme, from different genotypes of the host
plant, grown in different types of gardens (Table 4).

Characterisation of polymorphism of SSR microsatellite markers. A total of
158 alleles were amplified in 143 V. inaequalis isolates, and the number of alleles
(Ny) varied from two to 29 alleles per locus (Table 5).

The number of alleles reflects the level of genetic diversity of Latvia’s
population of V. inaequalis and it is similar (with minor deviations) to the results
obtained in the studies of V. inaequalis populations in other countries (Tenzer et
al., 1999; Guerin et al., 2004; Xu et al., 2012; Mezhina et al., 2014; Koopman et
al., 2017; Kozlovskaja et al., 2021). The smallest polymorphism (Na = 2) was
observed for the marker Vigtl0/e. High polymorphism was observed for the
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markers Vitc 2/D (29 alleles per locus) and 1tclg (27 alleles per locus). The
number of alleles in the Vitc 2/D locus found in V. inaequalis populations in
Latvia is higher (29) than the indicators obtained in analogous studies in Belarus
(16) (Mezina etal., 2014), the USA (6) (Sitther etal., 2017) and Russia, the North
Caucasus (6) (Suprunetal., 2018).

The number of effective alleles (Ne) ranged from 1.01 to 14.31 alleles per
locus. Nei’s gene diversity index (h) ranged from 0.01 to 0.93 depending on the
marker. The highest scores were for the markers Vitc2/D, 1tclg and 1tcla
(Table 5). Shannon’s information index (I) ranged from 0.04 to 2.88. The
polymorphism information content (PIC) ranged from 0.013 (Vigt10/¢) to 0.934
(Vitc2/D). The higher the Shannon’s information index (I) and the PIC value of
a particular marker, the more informative it is considered to be.

Characterisation of Venturia inaequalis populations. At the beginning of the
study, it was assumed that the V. inaequalis population could be associated with
apple-growing regions (Zemgale and Kurzeme), however, after the grouping on
the basis of the “Structure” analysis, the V. inaequalis population was divided
into three genetic groups K1-K3 irrespective of the apple-growing regions:
(K =3, AK = 8.94, In Pr(X/K) + —2720.58 + 4.58 (Fig. 3).

The first group (K1) included 38% (n = 54) of V. inaequalis isolates, with an
almost equal number of isolates from Latvia’s regions, i.e. Zemgale and
Kurzeme. In this group, the majority of isolates were monoconidial isolates
(n = 46) obtained until 2013 (n = 44) in two main fruit-growing centres in Latvia
(Dobele and Pire; n = 44): from fruits (n = 33), in commercial gardens (n = 32)
and plantations with fungicide treatment (n = 36).

The second group (K2) included 28% (n = 40) of V. inaequalis isolates that
came mainly from Zemgale (82%; n = 33), which were obtained from fruits or
leaves in different years and in orchards with (n = 22) or without (n = 18)
fungicide treatment. Half of the isolates in this group were obtained from
commercial gardens (n = 20) and especially from the cultivar ‘Lobo’ (n = 17).

The third group (K3) contained 34% (n = 49) of V. inaequalis isolates, of
which 73 % were obtained in Zemgale (n = 36, especially in Dobele n=31). This
group contained an equal number of isolates that were obtained from fruits
(n=24) or from leaves (n = 25). The largest number of isolates was
monoconidial isolates (n = 30) collected until 2013 (n = 33) from different types
of orchards with (n = 21) and without (n = 28) fungicide treatment. Half of the
isolates in this group were isolated from the cultivars ‘Huvitus’ (n = 10),
‘Belorusskoye Malinovoye’ (n=9) and ‘Lobo’ (n =5).

Analysing the obtained results and comparing three genetic groups (K1, K2,
K3) of the clusters of V. inaequalis isolates, no relationships were found in the
grouping of isolates. Isolates were grouped irrespective of the cultivar from
which the pathogen was isolated, and irrespective of the type of plant material
(leaves or fruits) and geographic origin.
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Gene diversity (h) in three genetic groups (K) of V. inaequalis isolates ranges
from0.53 t0 0.64. Shannon’s information index (I) ranges from1.18 to 1.51. The
second genetic group (K2) shows absence of private alleles (P.), the lowest
number of alleles (Na) and also the lowest gene diversity index (h) among the
groups analysed.

In order to understand the possible reason for the clusters of V. inaequalis
isolates, irrespective of the growing region (Zemgale and Kurzeme), the type of
the garden or the genotype of the host plant, another structural analysis was
performed, where 143 isolates from Latvia were supplemented with six more
V. inaequalis reference isolates with known races and previously characterised
virulence (Bus et al., 2011; Caffier et al., 2015). In this analysis, 149
V. inaequalis isolates were divided into four genetic groups: (K =4, AK = 9.86,
In Pr(X/K) £ -2814.29 + 2.97) (Fig. 4).

In this case, the grouping into four genetic groups K1-K4 generally
corresponds to the grouping of the first analysis; the exception is one larger group
K3 (n = 58), which included three reference isolates, namely, EU-B04, 1634 and
2408, with virulence to Malus genotypes with Rvil, Rvi4 and Rvi8 resistance
genes which was already known before (Bus et al., 2011; Caffier et al., 2015).
This group included 67% (n= 37) of the isolates collected in Zemgale and 33%
of the isolates collected in Kurzeme (n = 18), which were mostly obtained as
monoconidial isolates (n = 33) from fruits (n = 33) and collected until 2013
(n=47). Most of the isolates were collected in commercial orchards (n = 32)
with intensive fungicide treatment.

Other three race reference isolates, namely, 147, 1127 and 333, which are
virulent on Malus genotypes with other resistance genes, i.e. Rvi5, Rvi6 (Bus et
al., 2011, Caffier et al., 2015) and Rvi2 (V. Caffier, personal communication),
clustered in the K2 group together with another 36 V. inaequalis isolates from
the Institute’s collection. This group included isolates of monoconidia (n = 14)
or ascospores (n = 16) from apple leaves collected in nearby orchards (without
fungicide treatment, n = 28) in Zemgale (n = 30) and mostly in Dobele (n = 28).

Among the four genetic groups, the highest number of effective alleles (Ne),
gene diversity (h), Shannon’s information index (1) and the number of private
alleles (Pa) were in groups K2 (2.00) and K3 (1.83), which included reference
isolates (Table 7).

Comparing the results of three analysis of molecular variance (AMOVA), a
high genetic variance could be observed within as well as among the populations
(Table 8). A low genetic variance among the populations in Zemgale and
Kurzeme was confirmed by a low PhiPT value. Though, for the population with
six race reference isolates, higher variations were observed within the population
(85%) than among the populations (15%) (Table 8).
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Characterisation of virulence of Venturia inaequalis isolates and
determination of resistance of apple cultivars in vitro

The first interaction reactions between V. inaequalis isolates and Malus
genotypes were detected already 1-2 weeks after the inoculation in all
experiments. Only four out of five reactions described in other studies
(Chevalier, Lespinasse, Renaudin, 1991; Martinez-Bilbao et al., 2012; Bus etal.,
2011; Caffier et al., 2015) were observed in this study: chlorosis or/and necrosis,
chlorosis or/and necrosis with limited sporulation, chlorosis or/and necrosis with
abundant sporulation, and abundant sporulation without the host tissue reaction.

In general, the results obtained in experiments where one type of plant
material (leaves or fruits) was used were similar, except in certain combinations,
what is probably related to the ontogenetic processes in leaves and fruits
(Gessler, Stumm, 1984; Xu, Robinson, 2005).

Most of the combinations of tested interactions (80 %) showed incompatible
reactions: necrosis and/or chlorosis without pathogen sporulation or with limited
sporulation.

All V. inaequalis isolates and field populations included in the experiments
were incompatible with the cultivar ‘Priscilla’. In one of the experiments, in
which the infection was carried out with a brush, the genotypes ‘Priscilla’ and
‘Edite’ in combination with the field population and the V. inaqualis isolate
M146.2.21 showed resistance reactions on the fruits resembling pin-points (Fig. 5).

Most of the genotypes were partially susceptible what was evidenced by
chlorosis and/or necrosis with abundant sporulation (Fig. 6 (a-c)). As a result of
the interaction with most of the tested isolates, a partial susceptibility reaction
was also observed on the fruits of the genotype ‘Lobo’ (Fig. 6 (c)). Only some
genotypes in combination with at least one V. inaequalis isolate and only in
individual experiments showed a susceptibility response (Fig. 6 (d-f)).

Differences in virulence were observed for all V. inaequalis isolates included
in the experiments. Each V.inaequalis isolate was virulent on different
genotypes what confirmed their different origin. The isolates of Latvian origin
were virulent and could cause disease specifically for genotypes widely grown
in Latvia what evidences the adaptation of local V. inaequalis populations to the
genotypes grown in Latvia.

Two isolates M139.1.1 un M142.1.1, from the genotype ‘Lobo’ were virulent
on the same genotype. The isolate M146.2.21 isolated from M. toringo was
virulent on the genotypes ‘Lobo’, M.toringo and ‘Gala’. The
Venturia inaequalis isolate M1.1.1, which was isolated from the genotype ‘Gala’
grown in Poland, was virulent only on the genotypes ‘Gala’, ‘Golden Delicious’
and ‘Belorusskoye Malinovoye’, but not on other genotypes widely grown in
Latvia or genotypes with the resistance gene Rvi6.
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Characterisation of virulence of Venturia pyrina isolates and determination
of resistance of pear cultivars in vitro

In all experiments, the first symptoms of scab or resistance reactions were
observed both macroscopically and microscopically 1-2 weeks after the
inoculation. As part of this study all five responses described above (Chevalier
et al., 2004), were also identified showing the different virulence of V. pyrina
isolates and the different levels of resistance or susceptibility of pear cultivars
observed by other scientists (Chevalier et al., 2004, 2008a; Brewer et al., 2009;
Bouvier et al., 2012).

Like in the experiments with the inoculation of V.inaequalis /Malus
genotypes, different results were also observed in this study for some interaction
combinations what may be related to ontogenetic changes in leaves and fruits
(Kemp, van Dieren, 2000).

Most of the tested combinations of genotypes and V. pyrina isolates (82%)
showed incompatible interaction responses, manifested as necrosis or chlorosis
without sporulation and necrosis or chlorosis with limited sporulation (Fig. 7).

The genotypes ‘Condo’, ‘Laurina’ and ‘Schedraya’ showed resistance and
partial resistance responses in interactions with all V. pyrina isolates included in
the experiments and also with field populations in all years of the study.

Stellate necrosis without or with limited sporulation was observed on the
fruits of the genotype ‘Talgarskaya Krasavitsa’ in interaction with five V. pyrina
isolates (Py28.2.4, Py29.1.3, Py31.1.3, Py35.1.1 and Py48.2.1) and also with
field populations (Fig. 8), as well as on the genotypes ‘Noyabrskaya’ inoc ulated
with the V. pyrina isolate Py48.2.1, and ‘Mashuk’ inoculated with Py28.2.4.
Stellate necrosis on genotypes may indicate the possible presence of the Rvpl
resistance gene (Bouvier et al., 2012). These resistance responses were observed
in experiments where inoculation was carried out with a brush.

In the experiments, most of the pear genotypes were evaluated as Grade 3.b
or partially susceptible, showing necrosis with abundant sporulation of the
pathogen (Fig. 9 (a—¢)). Completely susceptible responses (Grade 4) were rare.
Pathogen sporulation without the host tissue reaction was observed only on the
genotypes  ‘Conference’, ‘Moskovskaya’, ‘Belorusskaya Pozdnyaya’,
‘Talgarskaya Krasavitsa’ and ‘Pepi’ in combination with individual isolates
(Fig. 9. ().

Completely susceptible responses (Grade 4) were rare also in this study.
Pathogen sporulation without the host tissue reaction was found only in the
genotypes  ‘Conference’, ‘Moskovskaya’, ‘Belorusskaya Pozdnyaya’,
‘Talgarskaya Krasavitsa’ and ‘Pepi’ in combination with individual isolates
(Fig. 9 ().

All V. pyrina isolates included in the experiments were virulent against at
least one Pyrus genotype and in at least one of the experiments performed. Each
V. pyrina isolate was virulent on different genotypes, which confirms the
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difference in pathogen populations observed in other studies (Stanton, 1953;
Chevalier et al., 2002, 2008a). Most of V. pyrina isolates were compatible with
one to four pear genotypes, while isolates Py47.1.1 and Py48.2.1, isolated from
the cultivar ‘Mleyevskaya Rannya’ grown in different locations, were virulent
on six Pyrus genotypes.

Determination of the racial composition of Venturia inaequalis from 2017
to 2022 in the plantation of races differential Malus genotypes

By summarising the data of six years, it was established that the severity score
of scab development on the leaves in the plantation of races differential Malus
genotypes differed over one vegetation season as well as throughout the
observation period. The severity score of the disease varied in a wide range: on
a scale of one to eight.

Already in the first year of scoring, the pathogen sporulation was recorded on
genotypes ‘Gala’ /h(0), ‘Golden Delicious’ /h(1), TSR33T239 /h(4) and
AT723- 6 /h(10). Sporulation on these genotypes indicates the presence of races
1, 4 and 10 in the V. inaequalis population in the Institute’s orchard and the
overcoming of the resistance genes Rvil, Rvi4 and Rvi10.

Two more races, namely, 3 and 8, were confirmed in the Institute’s orchard
in2019. Scab lesions with abundant sporulation and without tissue reaction were
observed on leaves of genotypes Q71 /h(3) and B45 /h(8). The severity score of
disease development for these genotypes in the Institute’s plantation greatly
varied, reaching the highest rates of 5.4 and 4.2 in 2021 (Table 9).

Until 2021, no plant protection product was used in the plantation to control
scab, probably due to build-up of the infection source over the years, in 2021,
some sporulating spots without tissue reaction were detected on two more
genotypes — J34 /h(9) and ‘Durello de Forli’ /h(13).

In the summer of 2022, the severity score of the disease in the plantation had
significantly decreased (Table 9), what was probably related to the measures
taken to control scab in the autumn of 2021.

In total, over six years, sporulation without tissue reaction was observed for
eight genotypes: ‘Gala’ /h(0), ‘Golden Delicious’ /h(1), Q71 /h(3), TSR33T239
/h(4), B45 /h(8), J34 /h(9), A723-6 /h(10) and ‘Durello de Forli’ /h(13), what
may indicate the overcoming of several resistance genes and the presence of
races.

For several genotypes: h(2), h(5), h(6), h(7), h(12), h(14) and h(15), signs of
scab were not detected either on leaves or on fruits. We believe that resistance
genes, whichare promising for introduction in breeding in Latvia, are Rvi2, Rvib5,
Rvi6, Rvi7, Rvil2, Rvil4 and Rvil5.

50



CONCLUSIONS

. Morphological diversity of isolates within each species was observed in
Latvia’s populations of Venturia inaequalis and V. pyrina, which reflects the
diversity within the pathogen populations in Latvia. Eight V. inaequalis and
four V. pyrina morphotypes were distinguished. (Thesis 1)

. Using SSR markers, the population of Venturia inaequalis is divided into
several genetically distinct groups, further studies should be carried out to
find out the factors determining this. (Thesis 1)

. For almost all apple and pear genotypes, the results of the assessment of
resistance/susceptibility in vitro coincided with the results obtained in
previous periods and in field conditions. Each of the V. inaequalis and
V. pyrina isolates was virulent on different genotypes. Isolates of Latvian
origin were more virulent on genotypes widely grown in Latvia, which
indicates adaptation of local populations of causal agents of scab. (Thesis 2)
. On the basis of six-year monitoring results, it can be concluded that at least
four races of V. inaequalis have been detected in the V. inaequalis population
inthe orchard of the Institute of Horticulture, namely, 1, 3, 4, 8, and genotype
resistance with genes Rvil, Rvi3, Rvi4 and Rvi8 have been overcome.
(Thesis 3)

. Malus genotypes with resistance genes Rvi2, Rvi5, Rvi6, Rvi7, Rvil2, Rvil4
and Rvil5 did not show any signs of scab either on leaves or on fruits, and
we believe that they show promise of favourable breeding in Latvia.
(Thesis 3)
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