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IEVADS

Bumbieres (Pyrus communis L.) ir otrs izplatitakais s€klenkoku
kultiraugs Latvijas darzos, kopgja stadijumu platiba ir ap 200 ha. Bumbieru
razu un tas kvalitati ietekm& vairakas nozimigas slimibas. Komercialajos
stadTjumos pasaul€ pielieto augu aizsardzibas sistému, kas nodrosina $o slimibu
ierobezosanu. Tafu mazdarzos, ka arT biologiskajos darzos, kur augu
aizsardzibas Iidzeklus nelieto vai lieto loti maz, arvien biezak sastopama
bumbieru — kadiku rasa, kuru ierosina divmaju patogéns ar nepilno attistibas
ciklu Gymnosporangium sabinae (Dicks.) G. Winter. Patogena attistibai
nepiecieSama gan bumbiere, gan kadikis. Latvija lielu popularitati ieguvusie
dazadu sugu kadiki ir veicinajusi §is slimibas izplatiSanos auglu darzos.
Diemzel pedgjos gados slimiba sastopama arl atseviskos komercstadijumos,
kuros s€nu slimibu ierobezoSanai paredzetie smidzinajumi nav bijusi pietiekami
efektivi bumbieru — kadiku riisas ierobezosanai.

Zinatniskaja literatiira atrodama informacija par bumbieru — kadiku
risas ierosinatdja attisttbu uz lapam, taCu noverots, ka patogéns inficé arl
auglus un dzinumus. Biezi sastopamas publikacijas par teleito stadijas
optimalajiem apstakliem in vitro, tau nav zinots par ecidijstadijas attistibas
ipatnibam. Uzskata, ka Gymnosporangium sabinae nespgj saglabaties inficétos
dzinumos, tomér ir viens pétijums, kur ecidijas novérotas ari nakamaja gada
(Hunt, O’Reilly, 1978). Latvija pastav viedoklis, kas biezi vien ir minéts
popularzinatniskaja literatlira, ka infekcijas avots var bt infic€ti dzinumi, tadel
bija nepiecieSams zinatniski pieradit patogéna ziemoSanas iesp&jas. Katra
attistibas stadija ir nozimiga patogena dzives cikla, un katras stadijas attistibai
nepiecieSsami konkréti apstakli. Padzilinati, sistematiski un ilggadigi p&tfjumi
par bumbieru — kadiku riisas ierosinataja attistibas ipatnibam pasaulé lidz §im
nav veikti. Zinams, ka Eiropa sastopamas devinas Gymnosporangium sugas,
tomér lidz $im nebija zinams, kadas sugas sastopamas Latvija, un kuras
sastopamas uz bumbierém. Bumbieru - kadiku riisas ierobeZzoSanai
nepiecieSama sava pieeja integrétas augu aizsardzibas sist€éma. Jaatzimé, ka
vienigaja petjjuma par bumbieru — kadiku risas ierobezoSanu noradits, ka
efektiva ietekme slimibas ierobezoSana ir mankocebam, ja to smidzina uz
kadika. Zinatniski p&tijumi par §is vielas ietekmi uz slimibas attistibas pakapi,
apsmidzinot bumbieres, nav veikti. Tacu arzemju popularzinatniskaja literattira
noradita $ts vielas ietekme uz slimibas attistibas pakapes mazinasanos.

Latvija sistematiski zinatniski p&tfjumi par bumbieru — kadiku risas
attistibu un izplatibu uzsakti 2008. gada, autores magistra darba ,,Bumbieru —
kadiku rasas (ier. Gymnosporangium sabinae) izplatiba un ierobezo$anas
iespgjas” ietvaros.



Pétijumu hipotéze: Latvija ir sastopamas vairakas Gymnosporangium
sugas. Bumbieru — kadiku rasas ierosinatdja attistibas cikls ir atkarigs no
agroekologiskajiem apstakliem un bumbieru genotipa.

Pétjumu meérkis bija noskaidrot agroekologisko faktoru ietekmi uz
Gymnosporangium sabinae (Dicks.) G. Winter biologiju, bumbieru — kadiku
risas epidemiologiju un integrétas augu aizsardzibas iespgju pielietojumu
patogéna ierobezoSana.

Pétljumu uzdevumi:

o noteikt Latvija sastopamas Gymnosporangium sugas uz kadikiem un

bumbierém;

e noskaidrot agroekologisko apstaklu ietekmi uz Gymnosporangium

sabinae attistibas ciklu, izplatibu un attistibas pakapi;

e novertet bojajuma pakapi atkariba no bumbieru genotipa;

e izstradat rekomendacijas bumbieru — kadiku riisas ierobeZoSanai

atbilstosi integrétas augu aizsardzibas sistemai.

Pétijuma novitate:

e pirmo reizi identific€tas Gymnosporangium sugas, kuras ierosina

bumbieru — kadiku riisu un to izplatiba Latvija;

e izpétitas bumbieru — kadiku riisas ierosinatgja attistibas cikla

patnibas;

e izverteta bumbieru — kadiku riisas bojajumu pakape atkariba no

bumbieru genotipa.
Aizstavamas tezes:

e Latvija sastopamas vairakas Gymnosporangium sugas;

e bumbieru — kadiku riisas attistibas cikls ir atkarigs no

agroekologiskajiem apstakliem un bumbieru genotipa;

e bumbieru — kadiku riisas ierobezo$anai jabit balstitai uz patogéna

attistibas ciklu konkrétos agroekologiskos apstaklos.

Promocijas darbs strukturéts trijas nodalas — Literatiiras apskats,
Pétfjuma apstakli un metodika, Rezultati un diskusija. Promocijas darba apjoms
105 lpp. (neskaitot bibliografijas sarakstu un pielikumus); darba ir 29 tabulas,
69 atteli; 211 bibliografiskie avoti, ka ari 44 pielikumi Darbam formuléti
8 secinajumi.

Darba praktiska nozime. P&tijuma iegitie rezultati un secinajumi par
Gymnosporangium sabinae ir izmantojami jaunu $kirpu veido$ana un patogéna
ierobezosana ne tikai Latvija, bet arT citas Eiropas valstis.

Petjumi veikti Darzkopibas institiita no 2008. lidz 2015. gadam. Augu
materials ievakts visa Latvijas teritorija, apskatot 762 kadikus (Juniperus
communis un J. sabina), ka ari bumbieres (Pyrus communis) un piladzi
(Sorbus) no 53 vietam Latvija. Sugu identificé$anai izmantoti 18 paraugi no
J. sabina, 4 paraugi no J. communis, 60 paraugi no P. communis un 3 paraugi
no Sorbus.



Pétijumu datu aprobacija: par p&tjjumu un rezultatiem sniegti septini
zinojumi starptautiskas zinatniskas konferenc€s un viens zinojums vietgja
zinatniska konferencg, ka art praktiska seminara stadaudzetajiem Latvija. Darba
rezultati atspoguloti ses$as starptautiski recenzetas un zinatniskas publikacijas
anglu valoda, ka arT sesas konferencu tezes.



PETIJUMU APSTAKLI UN METODIKA

Pétfjuma vieta. Apsekotas kadiku audzu vietas un bumbieru stadijumi,
aptverot visu Latvijas teritoriju. PEtjuma izmantotie dati par patog€na attistibas
cikla ipatnibam, bumbieru — kadiku riisas attistibas un bojajuma pakapes
atkariba no bumbieru genotipa novertéSanai, ka ari agroekologisko apstaklu
ietekmes uz Gymnosporangium sabinae attistibas ciklu, izplatibu un attistibas
pakapi novertésanai, ievakti Darzkopibas institata (DI) trijos dazados bumbieru
stadijumos no 2008. lidz 2015. gadam. Siltumnica iekartoti izm&ginajumi
patogéna parziemosanas izp&tei un bumbieru genotipu izturibas pret bumbieru
— kadiku raosu parbaudei. Inokulacijas izmégindgjumiem izmantots augu
materials, kas izaudzéts no KazrauSu bumbieres seklam.

Paraugu ievakS$ana. Paraugi no kadikiem (augu dalas ar risas
pazimém) ievakti pavasari, patogéna attistibas cikla sakuma stadija (aprilis,
maijs), péc ievaksanas uzglabati -20 °C. Bumbieru un piladzu lapas ar ecidijam
ievaktas rudeni (augusts, septembris), laika, kad sak izlidot ecidijsporas.
levaktie paraugi izzavéeti un uzglabati papira aploksnés istabas temperatiira.

Teleito radzinu, teleito sporu un ecidijsporu morfologijas izpéte.
Teleito radzinu morfologiskais raksturojums noteikts paraugu ievak$anas bridi.
Teleito radzinu morfologisko pazimju aprakstisanai tie sagrupéti péc noteiktam
pazimém — novietojuma uz kadika, krasas un radzinu garuma. Teleito sporu
morfologisko pazimju pétiSanai, p&c iznemsanas no ledusskapja teleito radzinus
piecas miniites rehidraté destileta tdeni istabas temperatira. Ecidijsporas
méritas no vienas lapas vienas ecidijas. Gaismas mikroskopa (Leica DMLS)
(100 x palielinajuma) katram paraugam 100 sporam izmérits garums un
platums. Méritas tikai veselas, nebojatas sporas.

Sugu noteikS§ana izmantojot sekvencéSanu. Lai apstiprinatu péc
morfologiskajam pazimém noteiktas sugas, veikta ribosomalas DNS ITS
regiona sekvenc€Sana un iegiito sekvenfu salidzinasana ar datu bazgs
pieejamam sekvencém.

Pirms DNS izdali$anas, teleito radzini no kadikiem un katra ievakta
parauga divas ecidijas no bumbierém sasmalcinati Skidraja slapekli. DNS
izdalits izmantojot reagentu komplektu DNeasy Plant Mini Kit (Qiagen, Vacija)
saskana ar razotdja protokolu. DNS koncentracija un tiriba mérita ar
spektofotometru ND-1000 (Nano Drop). Ribosomalas DNS ITS regiona PCR
amplifikacija veikta 50 ul reakcijas apjoma termociklera iekarta Master Cycler
EP Gradient (Eppendorf, Vacija). Iegitie PCR amplifikacijas produkti un to
aptuvenie garumi parbauditi ar elektroforézi 1.5 % agarozes g€la, kam
pievienots etidija bromids. Aptuvenie DNS fragmentu garumi noteikti ar
garumu markieri Gene Ruler 100 bp Plus (Thermo Scientific, Lietuva). Pirms
sekvenc&$anas PCR produkti attiriti, izmantojot reagentu komplektu QIAquick
PCR Purification Kit® (Qiagen, Vacija) saskana ar razotaja protokolu. Iegiito



sekvencu kvalitates parbaude, asemblija un nepiecieSamibas gadijuma manuala
redigéSana veikta, izmantojot SeqMan programmu no datorprogrammu paketes
Lasergene 8 (DNASTAR Inc., ASV). Veikta sekven¢u salidzina$ana ar
GenBank' datu bazé pieejamam sekvencém. To piederibas sakotngjai atbilstibai
veikta Mega BLAST analize.

Bumbieru — kadiku riisas ierosinataja (G. sabinae) attistibas cikla
ipatnibu izpéte veikta no 2008. gada Iidz 2015. gadam DI bumbieru stadijuma,
no kura aptuveni 200 m attaluma aug kazaku kadiku Juniperus sabina grupa,
kas ir patogéna saimnickaugs. Gymnosporangium sabinae teleito un
bazidijsporu attistibas izp&tei tika ievakti kazaku kadika zari dazadas slimibas
attistibas pakap@s: pirmo slimibas pazimju paradiSanas laika; teleito radzinu
augSanas sakuma stadija; peéc neliela lietus, kad teleito radzinu izmeri
nemainijas; pec intensiva lietus, kad radzini ieguvusi Zelejveida konsistenci.
Paraugi laboratorija mikroskopéti teleito un bazidijsporu attistibas noveért€sanai.
Pétita teleito radzinu veidoSanas un teleito un bazidijsporu formesanas.
Bumbieru stadijuma pétita simptomu attisttba uz bumbieru lapam, dzinumiem,
augliem, ka arT pirmo simptomu, spermaciju, ecidiju veidoSanas un ecidijsporu
izlidoSanas bridis. Inficétie dzinumi uzskaititi, iezZiméti, verota to attistiba
pétijluma perioda vegetacijas sezonas. Visas patogéna attistibas stadijas
registréta gaisa vid&ja temperatiira, diennakts nokrisnu daudzums, ka ari
relativais gaisa mitrums.

G. sabinae parziemoSanas iespéjas izpétei 2015. gada ierikots
izméginajums siltumnica, kur veikta inokulacija. Izvéleti augi, kuriem 2014.
gada noveroti bumbieru — kadiku rtisas simptomi. Lai noskaidrotu, vai patogéns
sp€jis parziemot, 2015. gada So genotipu viens vai divi zari infic€ti, pargjie né.
Izmé&ginajuma izmantotie zari norobeZoti ar izolatoriem, kurus noné€ma uzreiz
pec inkubacijas perioda. InficéSana veikta ar bazidijsporu suspensiju, kas iegtita
no J. sabina (1 ml = 6x10° sporu). Pavisam inficéti 9 bumbieru genotipi,
izveidojot 20 atkartojumus, no kuriem 11 atkartojumi inficeti, bet 9 — neinficéti.
Noverojumi veikti pec masveida simptomu paradisanas (jinija pirma dekade),
uzskaitot inficEtos un neinficétos genotipus, ka ari registr&jot plankumu
biezumu uz lapam.

Bumbieru — kadiku riisas attistibas un bojajumu pakape. Attistibas
pakape bumbieru stadijuma veértéta vizuali vegetacijas sezona viena laika, julija
ménesi (pamatojoties uz patogéna attistibas ciklu, jo $aja laika ir pilnigi
attistjusas ecidijsporas). Petfjuma perioda (2008. — 2015. g.) noverteti 271
bumbieru genotipi. Attistibas pakapes noteik3anai izmantota vertéSanas skala
piecu ballu sistema, kur: 0 — uz lapam simptomu nav; 5 — no 81 Iidz 100%
lapas ar simptomiem.

Bojajumu pakape uz lapam noteikta 260 bumbieru genotipiem, laika no
2012. Iidz 2015. gadam.

! http://www.ncbi.nlm.nih.gov/genbank/ 08.09.2016.
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Jalija, augusta no katra bumbieru genotipa koka vai zara, randomizeti
savaktas 100 lapas. Tas sagrupétas kategorijas atkariba no ta, cik ecidijas ir uz
katras lapas, tapat uzskaititas, cik lapas ir katra bojajumu kategorija. Bojajumu
pakape aprekinata, izmantojot formulu (1), kuru sava pétjjuma aprakstijusi
Juhasova, Praslieka, 2002:

@
_(0xa)+(1xb)+(2xc)+(3xd)

BP = +100
4

kur:

BP — bojajumu pakape;

bojajumu kategorijas nummurs: 0 — uz lapas ecidijas nav; 1 — uz lapas no 1 Iidz
3 ecidijas; 2 — uz lapas no 4 lidz 7 ecidijas; 3 — uz lapas 8 un vairak ecidijas;

4 — kategoriju skaits skala;

100 — kopgjais apskatito lapu skaits;

a, b, ¢, d — lapu skaits kategorija.

Bumbieru genotipu izturibas pret bumbieru - kadiku riisu
parbaude siltumnica. Bumbieru genotipi (Kazrausu seklaudzi) (n=20)
inokul&ti ar bazidijsporu suspensiju no J. sabina. Genotipu izturibas/ienémibas
veértéSana veikta péc masveida simptomu paradiSanas (junija pirma dekade),
uzskaitot genotipus ar un bez simptomiem, ka ari aprakstot plankumu
morfologiskas ipasibas.

Agroekologisko faktoru nozime pétita skirnes ‘Suvenirs’, kas audzgta
uz seklaudzu potcelma Kazrausi (stadiSanas gadi — 2002. un 2004.) stadijjuma
no 2008. lidz 2015. gadam. StadiSanas attalums starp kokiem: 4 x 3 m. Koku
atraSanas vieta izméginajuma randomizéta.

Datu matematiska apstrade. legiito pétijjuma datu statistiska analize
veikta, izmantojot programmas SPSS v. 15 aprakstos$as statistikas moduli,
vienfaktora dispersijas analizi (ANOVA), izvértjot starpibu butiskumu pie
ticamibas ITmena p=0.05, ka arT izmantota korelacijas analize un Duncana tests.

Meteorologisko apstaklu raksturojums. Aprakstot meteorologiskos
apstaklus, analiz&ti raditaji, kas ietekmé slimibas attistibu — nokri$nu daudzums
un vidgja gaisa temperatiira perioda no aprila tresas dekades lidz maija tresajai
dekadei. Parasti Latvija un ari citviet Baltijas regionos §is ir laiks, kad aktivi
sakas augu vegetacijas periods, savukart maija tre$a dekade ir péd€jais bridis
sezona, kad iesp&jama bazidijsporu izlidoSana no kadikiem un bumbieru
infic€Sanas.

Dati iegiti no DI lauka meteo stacijas “Lufft”. Laika posma no
2008. gada Iidz 2015. gadam analiz€tajos periodos 2010. un 2013. gada
novérots vislielakais kopgjais nokrisnu daudzums — 82.8 mm 2010. gada un
118.9 mm 2013. gada. Diennakts vid&ja gaisa temperatiira kopuma pa gadiem
bijusi lidziga: minimala 10.5 °C 2015. gada, maksimala 13.2 °C 2013. gada.



REZULTATI

Latvija sastopamo Gymnosporangium sugu noteik§ana uz
kadikiem un bumbierém

Eiropa konstatétas devinas Gymnosporangium sugas, no kuram
bumbierém postiga ir G. sabinae (Helfer, 2005). Latvija 1idz §im nebija veikti
sistematiz&ti zinatniski pétijumi Gymnosporangium sugu identifikacijai, lidz ar
to nebija precizu datu par Gymnosprangium sugu sastopamibu Latvija.

Gymnosporangium gints parstavji ierosina divmaju riisas, tapec petijuma
apsekoti gan saimniekaugi (kadiki), gan starpsaimnieki (bumbieres, piladzi).
Kopuma 2012., 2013. un 2014. gada apsekoti 772 kadiki (Juniperus communis
un J. sabina), ka ari bumbieres (Pyrus communis) un piladzi (Sorbus) no
53 stadijumiem Latvija. Sugu identificé$anai izmantoti 18 paraugi no J. sabina,
4 paraugi no J. communis, 60 paraugi no P. communis un 3 paraugi no Sorbus.

Gymnosporangium sugu noteikS§ana péc morfologiskajam pazimém.
Teleito stadija. Pavasari uz kadikiem novérota teleito radzinu veidoSanas.
Liclakajai dalai (16 paraugi) no Juniperus sabina ievaktajiem paraugiem
radzini novietoti uz stumbra un/vai uz koksnainajiem zariem. Diviem
paraugiem radzinus var&ja konstatét arT uz skujam un zalajiem dzinumiem
(paraugi nr. 2 (ievakts Dobelg, DI) un nr. 5 (ievakts Stalgeng). No J. communis
ievaktajiem paraugiem radzini bija izvietoti tikai uz stumbra vai koksnainajiem
dzinumiem. Lai gan to teleito kolonu jeb kopu skaits bija salidzinosi lielaks
nekd uz J. sabina paraugiem, uz skujam un zalajiem dzinumiem kolonu
veidoSanas netika konstat€ta. Noverotas atSkiribas starp radzinu
morfologiskajam tpasibam uz J. sabina un J. communis — viena un taja pasa
laika ievaktajiem paraugiem ats$kiras gan radzinu izmers, gan krasa. Visos
ievaktajos kadiku paraugos konstatetas Gymnosporangium gintij raksturigas
divsinu teleito sporas. Starp visiem ievaktajiem paraugiem sporu garuma un
platuma konstatétas biitiskas atSkiribas (p=0.000). Vidgji teleito sporas
(n=2200) bija 51.10 pm (26 — 101 pm) garas. Butiski at$kirigs bija Jirmala
ievaktais paraugs nr. 10 no J. communis. Tam tika konstatétas vidgji 36.62 um
(26 — 46 um) garas un 23.01 um (18 — 27 um) platas sporas. Lidzigs sporu
izmers publicéts Helfera (2005) un Kerna (1911) pétijumos aprakstot
G. cornutum teleito sporu izmeérus. Visiem ievaktajiem paraugiem radzinu
krasa butiski neatskiras — tie bija oranzi. Ta ka radzinu krasu ietekmé nokrisnu
daudzums (Hilber, Siegfried, 1989), tad balaki radzini noveroti paraugiem, kur
neilgi pirms paraugu ievakSanas konstatéti nokri$ni (paraugu nr. 1, 5 un 6), bet
tumsaki — paraugiem, kas ievakti beznokrisnu perioda.

P&c radzinpu garuma, formas un sporu izmériem ievaktos paraugus
iesp&jams sagrupét tris grupas (1. tabula).
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1. tabula/ Table 1

No J. communis un J. sabina ievakto paraugu sadalijums un iespéjama
suga péc teleito stadijas morfologijas /
The distribution of samples collected from J. communis and J. sabina and
possible species according to morphology of the teleito stage

o eraepmorsiener | tespgjama susa
ievakts . £ saska‘gﬁ ar
araugs / Paraugu Radzinu morfologiskajam

pS : numurs/ | garums/ pazimém /

pecies . .
from which Sample Horn garums / plat_ums / Possible species
the samples number length length width accordmg_to
morphological
were characteristics
collected
1saki par
3mm/
. 36.62 23.01
J. communis | 10 shorter G. cornutum
than 3 (26 — 46) (18 —-27)
mm
garaki
neka 6
. mm / 81.77 16.39 ..
J. communis | 1, 14, 18 longer (52—101) | (10— 24) G. clavariiforme
than 6
mm
2,3,5,6,
7,9, 11,
12,121
. ' ' 3-6 47.20 23.00 .
J. sabina Ei ig mm (28-72) (16 - 39) G. sabinae
16, 17, 19,
20,21

Ecidiala stadija. Ievaktajiem paraugiem no bumbierém un piladziem
raksturota ecidijradzinu forma, krasa, izvietojums (Hiratsuka, Hiratsuka, 1980;
Hiratsuka, Sato, 1982; Lee, Kakishima, 1999). Paraugi aprakstiti laika, kad
izveidojusies ecidijradzini un sakusies ecidijsporu izlidoSana. Ecidialas kopas,
kuras attistas ecidijsporas, uz bumbierém galvenokart noverotas lapu
apakspusg, bet bija sastopamas arT uz dzinumiem un augliem. Lai gan tie nav
tipiski un biezi sastopami, tomer zinatniskaja literatira mingti §adi gadijumi
(Mendgen, 1983; Lee, Kakishima, 1999; Yun, Rossman, Byrne, 2009).
Bitiskas atSkiribas konstatetas starp bumbieru un piladzu lapu ecidijam —
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atskiriga bija gan forma, gan krasa, gan izmérs. Ecidialie radzini uz bumbierém
bija briini, pudelveida ar paplaSinatu vidusdalu. Pazimes sakrit ar Lee un
KakiSima (1999) publikacija aprakstito bumbieru — kadiku riisas ierosinataja
G. sabinae ecidiju morfologisko aprakstu. Uz piladziem ecidijas bija oranZakas.
Bumbierém peridijas bija gai$i briinas, piladZziem — brinas, bet uz abiem
augiem tas bija izteikti atfstitas un izstieptas, Gymnosporangium gintij
raksturiga Roestelia tipa. Bumbieru un piladzu lapu paraugiem ecidijsporas bija
viens$iinu, neregulara apla forma. Sporu liclums butiski neatskiras no literatiira
noraditas informacijas, ka G. sabinae ecidijsporas ir 25 — 31 um garas un 22 —
29 pm platas, bet G. cornutum — 21 — 29 um garas un 16 — 25 um platas (Kern,
1911; Helfer, 2005). Apkopojot datus par teleito radzinu, teleito sporu un
ecidijsporu morfologiju, salidzinot tos ar zinatniskaja literatlira pieejamiem
(Kern, 1911; Lee, Kakishima, 1999; Helfer, 2005), iespgjams secinat, ka
Latvija sastopamas tris Gymnosporangium sugas — G. sabinae (Dicks.) G.
Winter uz bumbierém un kazaku kadika, G. cornutum Arthur ex F. Kern uz
piladziem uz savvalas kadika un G. clavariiforme (Jacq.) DC uz savvalas
kadika.

Gymnosporangium sSugu noteik§ana izmantojot sekvencéSanu.
Kopuma sekvencéti 24 kadiku, 56 bumbieru, 2 piladzu paraugi. No tiem ITS
regiona kvalitativas sekvences iegiitas visiem kadiku paraugiem, 49 bumbieru
un 1 piladzu paraugam. Paraugiem Py 27.2, Py 33, S 2.1, S 2.2, Py 25.1.1,
Py 0.1, Py 0.2 netika iegitas kvalitativas sekvences. Kadiku paraugu DNS
sekvendu ITS regiona garums bija no 641 nukleotida (paraugs nr. 10) lidz
704 nukleotidiem (paraugs nr. 18), bet bumbierém un piladzim no
673 nukleotidiem (paraugs Py 26.1) lidz 710 nukleotidiem (Py 34.1). Salidzinot
identificétas sugas peéc ITS sekvencém no NCBI Blast datu baze pieejamam,
konstatéta gandriz 100% lidziba ar sugu identific€Sanu p&c sporu morfologijas
(iznemot paraugus nr. 10 un S 3.1). Parauga nr. 10 teleito sporu un radzigu
morfologija, tapat ka parauga S.3.1 ecidijstadijas morfologiskas pazimes,
athilda sugas Gymnosporangium cornutum aprakstam, tomér GenBank datu
baz€é pieejamas tris nepilna garuma sekvences G. cornutum neuzradija Iidzibu
ar pétijuma noteiktajam sekvencém. Pamatojoties uz sekvenc¢u salidzinasanu ar
GenBank datu bazé pieejamam sekvencém, uzradot augstu maksimalo lidzibu
(99 — 100%), Latvija uz bumbierém (Pyrus communis) un kazaku kadika
(Juniperus sabina) sastopama G. sabinae un uz savvalas kadika (Juniperus
communis) — G. clavariiforme un nenoskaidrota bazidijséne (uncultured
Basidiomycota), kas péc teleito stadijas morfologijas atbilda G. cornutum. Pec
ecidijstadijas morfologijas uz piladzu paraugiem sastopama G. cornutum.
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Gymnosporangium sugu izplatiba Latvija

Bumbieru — kadiku risu ierosina patogéni no Gymnosporangium gints.
Tas saimniekaugi ir Juniperus sabina un J. communis (Kern, 1911, Helfer,
2005), tapec visa Latvijas teritorija (1. att€ls) noteiktas Gymnosporangium
sugas, apsekojot 772 dazadu sugu kadikus un 53 bumbieru stadijumus 45 vietas
Latvija. Bumbieru lapu paraugu ievaksanas laika tika apsekoti ar1 piladzi,
vilkabeles, kas ir starpsaimnieki citam Gymnosporangium sugam, tapéc ievakti
3 piladzu lapu paraugi ar riusas simptomiem. Uz apsekotajam vilkabelem
slimibas simptomi netika atrasti. Kopuma Kurzemé apskatiti 189 kadiki, no
kuriem 5 konstateti risas simptomi un 11 bumbieru stadijumi, no kuriem 10
bija inficéti; Zemgale — 42 kadiki (15 ar simptomiem) un 12 bumbieru
stadfjumi (11 inficéti); Latgal€ — 155 kadiki (1 ar simptomiem) un 13 bumbieru
stadfjumi (12 inficgti); Vidzeme — 386 kadiki (4 ar simptomiem) un 9 bumbieru
stadfjumi (8 inficéti).
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1. att. Apsekotas vietas ekspedicijas 2012. — 2014. g.
Fig. 1. Locations surveyed during expeditions in 2012 - 2014
© kadiki bez infekcijas pazimém / junipers without signs of infection; @ kadiki ar
infekcijas pazimém / junipers with signs of infection; ¥ bumbieru stadijumi / pear
orchards.

Dekorativo kadiku stadijumi Kurzemé un Zemgale sastopami pilsétu
apstadfjumos, baznicu tuvuma, ka ar1 kaps€tds. Stadijumos Kurzemée
galvenokart bija sastopams kazaku kadikis Juniperus sabina, kas ir viena no
bumbieru — kadiku raisas ienémigakajam kadiku sugam. Pilsétu apstadijumos
kadiki parsvara bija kopti, ar skrajiem un izretinatiem vainagiem. Uz zariem un
stumbriem netika konstatéti hipertrofi uzbiezinajumi, kas liecinatu par patogéna
klatbiitni auga. Tiem augiem, kur simptomi atrasti, teleito radzini bija redzami
tikai atseviskas zaru vietas, ne pa visu krimu. Slimiba parasti noverota
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vecakiem un blivakiem krimiem. AtSkiriga situacija noverota kadiku audzes un
apstadijumos Vidzemé un Latgalé. MarSruta Dobele — Daugavpils novads —
Kraslavas novads — Rézeknes novads — Dobele dekorativie un parastie kadiki
atrasti salidzinosi reti. Kopa apskatiti 155 dazadu sugu kadiki. Parsvara dominé
J. sabina — dekorativos apstadijumos un J. communis mezmalas. Latgalé
ievakts tikai viens paraugs no kadika J. sabina Laucesas pagasta kapos.
Infekcijas vieta sastopama tikai uz viena no vecakiem stumbriem un p&c argjam
pazimém iesp&jams secinat, ka ta ir daudzgadiga un lokala. Uz jaunakam auga
dalam slimibas simptomi netika konstatgti.

Marsruta Dobele — Gulbene — Balvi — Alaksne — Ape — Gaujiena —
Valka — Stren¢i — Smiltene — Sigulda — Kegums — Dobele kazaku kadikis
J. sabina sastopams reti. Apstadijumos plasi audzé citu sugu kadikus, kas
literatara noraditi ka bumbieru — kadiku riisas neienémigi. J. communis izplatits
vietam, bet blivos stadijumos. Pavisam kopa apskatiti 210 abu sugu kadiki, no
tiem tris J. sabina augiem bija inficéti. Ari Siem augiem infekcijas vieta bija
daudzgadiga un lokala.

Marsruta Dobele — Erglu novads — C&su novads — LimbaZu novads —
Dobele apstadijumos kadiki nav daudz, parsvara doming tajas, buksi un citi
kokaugi. Kopa apskatiti 176 augi, no kuriem viens parastais kadikis
J. communis bija ar riisas simptomiem.

Salidzinot bumbieru — kadiku riisas attistibas pakapi pa regioniem,
mazak inficétas bumbieres sastopamas Latgales (vidéja slimibas attistibas
pakape — 1.06) un Vidzemes (vidéja slimibas attistibas pakape — 1.11) darzos.
Bitiski atskiriga situacija vérojama Kurzemé (vidgja slimibas attistibas pakape
—2.36) un Zemgalg (vidg&ja slimibas attistibas pakape — 1.67) (2. attels).

3 2.36
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2. att. Bumbieru — kadiku rasas attistibas pakape (balles, kur 0 — nav
simptomu, 5 — 81 — 100% lapas ar simptomiem) bumbieru stadijumos
Latvija laika perioda no 2012. — 2014. gadam.

Fig. 2. Pear - juniper rust severity (points, where 0 - no symptoms, 5 - 81 to
100% of leaves with symptoms) in Latvia pear orchards in 2012 — 2014.
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Kopuma Latvija bumbieru — kadiku riisas attistibas pakape uz
bumbierdm bija nevienmériga — visaugstaka slimibas attistibas pakape un
viskoncentrétaka slimibas izplatiba noveérota Zemgales un Kurzemes pusg, kur
ievakta lielaka dala infic€to paraugu. Latgalé un Vidzemé bumbieru — kadiku
rusas attistibas pakape uz bumbierem bija biitiski zemaka.

Bumbieru — kadiku riisas ierosinataja attistibas cikla
Ipatnibas

Bumbieru — kadiku riisas ierosinatajs Gymnosporangium sabinae ir
divmaju riisas patogéns ar nepilno attistibas ciklu, kura veidojas Cetri sporu
veidi — teleito sporas un bazidijsporas uz kadika un spermaciji un ecidijsporas
uz bumbierém. Tomér, katras patog€na attistibas stadijas ilgumu un norisi
ietekmé& agroekologiskie faktori, tapéc nepiecieSams noskaidrot §is Tpatnibas,
lai iesp&jami precizak varétu prognozet slimibas izplatibu un attistibas pakapi
konkrétajos apstaklos. Latvija §adi p&tijumi uzsakti 2008. gada.

Attistiba uz kadika. Gymnosporangium sabinae attistiba uz kadika
pétita no 2008. lidz 2015. gadam. Izanalizgjot meteorologiskos raditajus septinu
gadu griezuma (2008. — 2015. g.), optimalie apstakli teleito radzinu veidoSanas
sakumposma ir vidgja gaisa temperatiira virs 5 °C, relativais gaisa mitrums
74%, nokrisnu daudzums virs 25 mm. Talaka radzingu attistiba atkariga no
nokri$nu daudzuma un temperatiiras. Novérots, ka pie nepietieckama nokrisnu
daudzuma un temperatiiras, radzinu veidoSanas sakuma stadija var ilgt 11dz pat
ménesim. Tacu, ja temperatiira ir labvéliga talakai attistibai (virs 10 °C), tad pat
neliels lietus izmaina radzinu krasu un lielumu. Stipra un ilgstosa lietus
(nokrisnu daudzums no 10 mm) ietekmé radzini piebriest lidz 2 cm augstumam,
ieglist koSi oranzu krasu un zelejveida konsistenci. Radzinu mikroskopgjot,
konstatétas digstosas teleito sporas, bazidiji un bazidijsporas. Sis stadijas
labveligie apstakli — videja gaisa temperatira virs 10 °C, relativais gaisa
mitrums no 80%, nokrisnu daudzums sakot no 10 mm, sakrit ar apstakliem, pie
kadiem notiek bazidijsporu izlidoSana un bumbieru infic€Sana. Noveérots, ka
Saja radzinu attistibas stadija, mainoties nokrisSnu daudzumam, mainas
bazidijsporu izlido$anas ilgums. Sp&cigu un ilgstosu nokrisnu gadijuma (vairak
neka 30 mm), sporu izlidoSanas periods ir 1saks neka tad, kad noverots mazaks
nokriSnu daudzums. Aktivo temperatiru summa (ATS) veido pozitivu
korelaciju ar periodu no vegetacijas sakuma lidz bazidijsporu izlidoSanai
(r=0.93). Astonu pétijuma gadu griezuma vidgjais dienu skaits no vegetacijas
sakuma I1dz bazidijsporu izlidoSanai bija 23 dienas, ATS sasniedza vidgji
221 °C, vidgja diennakts gaisa temperatiira — 9 °C. Bazidijsporam atbrivojoties,
uz kadika novéro teleito stadijas beigu posma sakuma stadiju. ST stadija
uzskatama par bumbierém nekaitigu, jo bazidijsporu Ipatsvars mikroskopéta
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parauga bija nebutisks. Paaugstinoties vid&jai gaisa temperattrai (virs 15 °C),
teleito stadijas attistibas posms uz kadika noslédzas. Saja attistibas posma
nebija vérojama nokri$nu ietekme — ar1 p&c stipra lietus (27 mm) radzinu forma
nemainijas.

Attistiba uz bumbieres. Bumbieru — kadiku riisas ierosinataja attistibas
cikla nakama stadija ir spermogoniju un ecidiju jeb pavasara stadija un S$1
sporulacijas stadija norisinas uz bumbierém. Lauka nov€rojumi apkopoti sakot
no 2008. gada.

Bumbieru — kadiku riisas simptomi galvenokart sastopami uz lapam,
retak uz augliem un dzinumiem. Novérojumi rada, ka simptomi uz lapam
sastopami tikai dzinumu apaksgja dala (3. attels). Tas pierada, ka
starpsaimniekaugu infic€Sanas notiek vegetacijas sezonas sakuma, un patogéna
attistibas cikla iztrokst uredo stadija, kas nodroSina infic€Sanos visas
vegetacijas sezonas garuma.

3. att. Simptomu atraSanas vieta uz inficéta viengadiga dzinuma (27.08.2016.).
Fig. 3. Location of symptoms on an infected one-year shoot (27.08.2016.).

Inkubacijas perioda garums (dienu skaits no infic€Sanas briza (noteikts
péc bazidijsporu attistibas un izlidoSanas) lidz pirmajiem simptomiem) pa
gadiem bija batiski at3kirigs (p<0.05). Pirmie bumbieru — kadiku riisas
simptomi uz bumbieru lapam pétijuma perioda konstatéti maija tresas dekades
beigas, masveida simptomu paradiSanas noverota junija pirmaja dekade.
Inkubacijas perioda garums — vid&ji 24 dienas (isakais — 17 dienas 2010. g.,
garakais — 42 dienas 2015. g.). Nov@rota pozitiva korelacija ATS ar inkubacijas
perioda garumu (r=0.92), bet negativa korelacija inkubacijas perioda garumam
ar vidgjo diennakts gaisa temperatiru (r=-0.63). Pie zemakas vid&jas gaisa
temperatiiras inkubacijas periods bija garaks. Nakama patog€na attistibas
stadija — spermaciju paradiSsanas uz plankumiem, parasti konstatéta jilija
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sakuma jeb vidgji 36 dienas péc simptomu paradiSanas uz lapam, ar vidgjo
diennakts gaisa temperatiru 16 °C un sasniedzot 575 °C augstu ATS.
Nakamais posms patog€na attistiba ir ecidijstadija, kuras laika formgjas
ecidijsporas, kas inficé saimniekaugus. Ecidiju veidoSanas lapas apakSpuse
noverota augusta pirmaja dekade. P&c noverojumiem uz lauka, par ecidijsporu
izlidoSanas sakumu iesp&jams uzskatit augusta beigas. Biitiskas atSkiribas starp
gadiem konstatetas perioda garumam no simptomu paradiSanas laika lidz
ecidijsporu izlidoSanai (p<0.05). Periods no simptomu paradiSanas lidz
ecidijsporu izlidosanai vidgji ilgst 93 dienas, ATS — 1622 °C, vidgja diennakts
gaisa temperatiira — 17 °C. Vidgjais patogéna attistibas periods uz bumbierém
(ecidiala jeb pavasara stadija) bija 117 dienas (garakais 2015. gada 126 dienas,
1sakais 2011. gada — 110 dienas). Apkopojums par bumbieru — kadiku raisas
ierosinatdja attistibas stadijam uz bumbierém un to fenologiskie raditaji
atspoguloti 2. tabula.

2. tabula / Table 2

Bumbieru — kadiku riisas ierosinataja attistibas stadijas uz
bumbierém un to fenologiskie raditaji (videji 2008. — 2015.)
Developmental stages of European pear rust initiator on pears and their
phenological characteristics (average 2008 - 2015)

Attistibas stadijas / Attistibas stadijas Aktivo Vidgja diennakts
Development stage garums, dienas / temperattiru gaisa temperatiira
Length of summa / Sum of !/ Average daily
development active air temperature,
stage, days temperatures, °C °C

Inkubacijas periods /

Incubation 24 315 14

Periods no simptomu
paradisanas lidz
spermaciju paradisanas
laikam / The period 36 575 16
from onset of symptoms
to the onset time of
spermatia

Periods no simptomu
paradisanas lidz
ecidijsporu izlido$anai /
The period from onset
of symptoms to release
of aeciospores

93 1622 17

Bumbieru — kadiku rasa galvenokart boja lapas, tacu pétijumu perioda
novérots, ka patogeéns inficé arT auglus un dzinumus. Padzilinati, sistematiski
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petijumi par bumbieru — kadiku riisas ierosinatdja attistibu uz augliem un
dzinumiem Iidz Sim nav veikti. Vairums autoru apraksta lapas (Hilber,
Schiiepp, Schwinn, 1990; Jones, Aldwinckle, 1997; Fitzner, Fischer, 2005;
Schildberger, 2011; Filipp, Spornberger, Schildberger, 2012.), tikai daZi min
dzinumus (Mwutpodarnora, 1970; Hunt, O’Reilly, 1978) wun auglus
(Murpodanosa, 1970), tapec petijuma perioda pétita patogéna attistiba uz
dzinumiem.

Uz dzinumiem konstatStas tadas pasas patogéna attistibas stadijas ka uz
lapam (4. attels), tacu nelielas atSkiribas konstatétas to attistibas atruma — uz
dzinumiem simptomi paradijas nedaudz velak, un arT turpmaka to attistiba bija
lenaka neka uz lapam. Patogéna dzivotsp&ja bumbieru dzinumos uz lauka
vairaku sezonu garuma pétijuma perioda netika novérota — visi inficEtie
dzinumi nokalta un patogéna attistiba neturpinajas.

e
4. att. Bumbieru — kadiku riisas attistiba uz bumbieres dzinumiem
Fig. 4. The development of European pear rust on pear shoots
a—03.08.2012; b — 11.08.2011; ¢ — 26.09.2012;
d -01.11.2010; e — 10.03.2011.

a

Patogéna  ziemoSanas iespéjas  bumbierés. Uzskata, Kka
Gymnosporangium spp. nespgj saglabaties infic€tos dzinumos, tomér ir
pétijums, kur ecidijas novérotas arl nakamaja gada (Hunt, O’Reilly, 1978).
Latvija ir viedoklis, un tas biezi vien ir min€ts popularzinatniskaja literattira, ka
infekcijas avots var biit inficéti dzinumi, tadel bija nepiecieSams zinatniski
pieradit patogéna ziemoSanas iesp€jas. Inokulacijas izm€ginajuma izmantoti
genotipi, kas atlastti ka bumbieru — kadiku riisas ien€migi, pamatojoties uz
2014. gada inokulacijas rezultatiem. 2015. gada uz katra koka uzlikti no 2 Iidz
3 atkartojumi, no kuriem viens atkartojums bija bez inokul€Sanas (kontrole).
Inokulacijas izméginajums siltumnica ar mérki parbaudit patogéna ziemoSanas
iespgjas bumbieres, paradija, ka 2015. gada sezona inokulétas auga dalas
uzradija slimibas simptomus, bet uz kontroles jeb neinokuletam augu dalam
simptomi netika konstatéti. Tas bija nov€rojams uz visiem 20 atkartojumiem.
Pamatojoties uz Siem noveérojumiem, iesp&ams izdarit divus batiskus
secinajumus: bumbieru — kadiku r@isas ierosinatajs G. sabinae neparziemo
bumbierés un tas nevar izraisit atkartotu infekciju, arT tad, ja ieprieksgja

18



vegetacijas sezona augs bijis stipri inficéts; bumbieru — kadiku riisas izplatiba
un attistibas pakape ir atkariga no iesp€as norobezot augu bazidijsporu
izlidoSanas laika.

Bumbieru genotipu ienémibas vai izturibas pret bumbieru —
kadiku rusu izveértejums

Bumbieru genotipu slimibizturibas novertéSanai no 2012. gada
aprékinata bojajumu pakape (BP). Tas merkis bija noskaidrot bumbieru —
kadiku rtsas izturigakos genotipus, kurus nakotn€ var€tu izmantot ka donorus
selekcijas darbam. BP péc plankumu jeb ecidiju biezuma uz lapam noteikta
260 bumbieru genotipiem &etrus gadus (2012. — 2015. g.). Vidgji visus p&tijuma
gadus bumbieru — kadiku riisas BP atkariba no genotipa bija vérojamas nelielas
atSkirtbas, tomér tas nebija batiskas (p=0.999). Izslédzot viszemako un
visaugstako vértibu (attiecigi 0.18 P. eleagnifolia un 0.91 Rizas bumbiere), péc
Cetru gadu vid&jas BP vértttos genotipus iesp&jams sagrupét 5 grupas: BP no
0.25 1idz 0.39; no 0.40 lidz 0.49; no 0.50 lidz 0.59; no 0.60 Iidz 0.69 un no
0.70 Iidz 0.86. No visiem vertetajiem genotipiem tikai 10% konstatéta BP no
0.25 lidz 0.39. So grupu galvenokart veido genotipi no Latvijas genétisko
resursu kolekcijas, ka arT dazas introducétas skirnes, pieméram, ‘Hortensia’,
‘David’, ‘Beta’, ‘Tihij Don’ un citas. Augstaka BP veido otru mazako grupu —
ar 7% genotipu, pieméram, ‘Beurre Bosc’, ‘General Leclerc’, ‘Alexandrine
Douillard” un citam. Latvija audz&am S$kirném, ka ‘Suvenirs’, ‘Vasarine
Sviestine’, ‘Vidzeme’, ‘Liepajas Sviesta’ un citam, konstatéta BP, kura ietilpst
grupa no 0.4 lidz 0.49. Eiropa visvairak audzgtas skirnes ‘Conference’ BP bija
0.69, kas parada Skirni ka ienémigu. Tas sakrit arT ar literatlira noradito Sis
Skirnes augsto ienemibu uz bumbieru — kadiku riisu (Fischer, Weber, 2005).
Krima noveroto, ka Skirne ‘Beurre Bosc’ ir stipri ien€miga, bet Skirne ‘Clapp’s
Favourite’ — mazak (Mutpodanosa, 1970), apstiprina arT §1 petijuma rezultati:
‘Beurre Bosc’ vidgja BP bija 0.71, bet ‘Clapp’s Favourite’ — 0.47. Petijuma
Niderland€ tikai dazi bumbieru — kadiku risas simptomi bija noverojami
Skirnei ‘Erika’ (Kemp, van Dier, 2000), tacu DI stadijuma skirnes izturiba pret
$o slimibu bija zema (BP 0.54). Visizturigaka pret bumbieru — kadiku rasu DI
bumbieru stadijuma bija P. eleagnifolia (BP — 0.18), ta¢u tas ir pretruna ar
Ficnera un FiSera pétfjumu, kur tieSi $1 suga bija atzita ka ienémiga (Fitzner,
Fischer, 2005), tacu neizturigaka no sugam P. ussuriensis arT pétijuma Vacija
uzradija tadus paSus rezultatus (5. att€ls).

19



1.00 -

0.90 - 0.68 0.76
~ 080 0.60
8 % 070 - {
<2 0.60 -
<
2’9 0.50 - 0.40
g a
2.8 040 {
'IHD i
R~ 030 0.18
0.20 - T
0.10 -
0.00
< 2 8 g <«
L L 2 2 0§
k= S o s S=o
9 = 2 = EO°
< - g a £ 2
Q ~ Q 8 3
o
(@]

5. att. Bumbieru — kadiku riisas bojajumu pakape atkariba no sugas (vidgji
2012. - 2015. g.).
Fig. 5. European pear rust disease index depending on the species (average
2012 — 2015).

Bumbieru — kadiku riisas simptomi atkariba no bumbieru
genotipiem

Belgija, slimibizturibas pétijumos uz lauka bumbieru $kirnu kolekcijas
stadijuma, pétnieki noverojusi genotipu dazado reakciju uz patogéna infekciju,
noradot, ka ta var€tu raksturot Skirnes vai genotipa slimibizturibu vai ien€mibu
(Kellerhals, Szalatnay, Hunziker et al., 2012).

ST pétijuma ietvaros stadijuma uz lauka starp bumbieru genotipiem
konstatéts dazads plankumu lielums, krasa (6. attéls), ka arT atSkiras robeza
starp plankumu malam un veselo lapas dalu.
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6. att. DaZzadu bumbieru séklaudZu (a, b, ¢) reakcija uz patogéna infekciju
(06.08.2010.).
Fig. 6. The response of various pear seedlings (a, b, ¢) to pathogen infection
(06.08.2010.).

Galvenokart, uz parbaudamo genotipu lapam plankumu liclums bija
lidzigs, taCu no visas paraugkopas izdalijas devini genotipi ar loti sikiem
plankumiem. Ta ka §1 pazime visiem genotipiem bija nemainiga visus pétijuma
gadus, tad iesp&jams uzskatit, ka Sie genotipi ir izturigi pret konkréta patogéna
infekciju. Pétijuma laika (2014., 2015. g.) siltumnica inokuljot bumbieru
genotipus (Kazrausu s€klaudzus) (n=20) ar bazidijsporu suspensiju no
J. sabina, tika ieguti atSkirigi rezultati no literatlira atspogulotiem par to, ka
daba nav sastopamas pret bumbieru — kadiku rasu izturigas Skirnes.
Izmgginajuma izdalijas bumbieru genotipi, kuriem netika konstatéti bumbieru —
kadiku rioisas simptomi. lepriek§ aprakstito lauka un siltumnicas pétfjumu
rezultati rada, ka ir sastopami bumbieru genotipi, kas ir izturigi pret bumbieru —
kadiku rGisu. Literatlira par $o t€mu ir dazi pétijumi, to rezultati balstas tikai uz
lauka novérojumiem (Kemp, van Dier, 2000; Kellerhals, Szalatnay, Hunziker et
al., 2012), tatu nav pétijumi, kas apstiprinatu vai noliegtu bumbieru genotipu
rezistenci, kuru uzradija siltumnicas izméginajums §1 darba ietvaros. Apkopojot
pétijuma rezultatus, jaunu, izturigu $kirpu veidoSana ieteicams izmantot pret
risu izturigos bumbieru genotipus — Pyrus ussuriensis, ‘“Tjoma’, ‘Sibirjacka’,
Kazrausu bumbiere nr. 5, Petrilas nr. 11, ‘Doria’, ‘Elia’, U 678, ‘Doyenne
d’Hiver’, ka arT Kazrausu seklaudzu numurus — 1-1-2v, 1-2-2v, 2-1-2v, 2-2-2v,
2-4-2v, 2-8-2v.
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Agroekologisko faktoru ietekme uz bumbieru — kadiku riusas
attistibas pakapi un izplatibu

Lai noskaidrotu agroekologisko faktoru ietekmi uz bumbieru — kadiku
risas attistibas pakapi un izplatibu, analizEta slimibas attistibas pakape Skirnei
‘Suvenirs’, laika perioda no 2008. Iidz 2015. gadam. Literatiira noradits, ka
slimibas attistibas pakape un izplatiba var but atkariga no auga vecuma
(Charles, Power, Power, 2006; Bonde, Nester, Berner, 2012; Sharabani,
Shtienberg, Borenstein et al., 2013), ta¢u §1 pétijuma datu matematiska analize
koku stadisanas gadam uzradija nebitisku ietekmi (p=0.256) uz bumbieru —
kadiku rasas attistibas pakapi, tapec talak analizéti meteorologiskie apstakli
laika perioda no bazidijsporu izlidoSanas jeb inficéSanas sakuma datuma lidz
simptomu paradiSanas laikam uz bumbierém, ka arT to ietekme uz vidgjo
slimibas attistibas pakapi Skirnei ‘Suvenirs’. Bumbieru — kadiku riisas attistibas
pakape Skirnei ‘Suvenirs’ bitiski atSkiras pa gadiem (p<0.05), visaugstako
pakapi sasniedzot 2010. un 2013. gada (7. attels).
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7. att. Bumbieru — kadiku risas attistibas pakape (0 balles — uz lapam simptomu
nav, 5 balles — no 81 lidz 100% lapas ar simptomiem) Skirnei ‘Suvenirs’ (vid&ji
2008. — 2015. g.).

Fig. 7. Severity of European pear rust (0 points - leaves without symptoms,
5 points - from 81 to 100% of leaves with symptoms) on cultivar 'Suvenirs'
(average 2008 - 2015).

Slimibas attistibas pakapi un izplatibu galvenokart ietekmé bazidijsporu
veido$anas un attistiba, sporu spg&ja ieklut lapu audos (Hau, De Vallavieille-
Pope, 2006). Katrs no Siem procesiem var notikt tikai pie noteiktas
temperatiiras, nokriSnu daudzuma, relativa gaisa mitruma, ka ar1 citiem
meteorologiskiem raditajiem (Chen, 2005; Murpodanosa, 1970; Pearson,
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Seem, Meyer, 1980). Korelacijas analize uzradija vid&ju pozitivu saistibu starp
nokri$nu daudzumu un slimibas attistibas pakapi (r=0.61) un augstaku pozitivu
saistibu (r=0.73) starp relativo gaisa mitrumu un slimibas attistibas pakapi.
Nokri$nu daudzuma bitisko ietekmi uz slimibas attistibas pakapi norada arl
zinatniskaja literatira atrodamie pétijumi (Mutpodanosa, 1970; Hilber et al.,
1990). Visaugstaka slimibas attistibas pakape Skirnei ‘Suvenirs’ konstatéta
2010. un 2013. gada, kad relativais gaisa mitrums bija attiecigi 82% un 83%.
Pie $ada relativa gaisa mitruma Gymnosporangium sabinae bazidijsporu
izlidoSana un bumbieru lapu inficeSana bijusi visproduktivaka. Radniecigi
lidzigajam abelu rGsas ierosinataja Gymnosporangium juniperi — virginianae
bazidijsporu izlidosanai nepiecieSams 85% augsts relativais gaisa mitrums
(Pearson, Seem, Meyer, 1980). Pie augstaka gaisa mitruma un nokriSnu
daudzuma samazinas bazidijsporu izlidoSanas sp&ja (Pearson, Seem, Meyer,
1980), ka arT samazinas to sp€ja inficet lapas (Mwutpodanora, 1970).
Bazidijsporas ir loti jutigas pret izziiSanu. Nepietickama mitruma un tieSu
saules staru iedarbiba, tas loti atri zaudé dzivotsp&ju (Gold, Mendgen, 1991).
Lidz ar to nenotiek inficESanas un slimibas attistibas pakape samazinas.
Pamatojoties uz $aja pétijjuma iegiito datu analizi, Gymnosporangium sabinae
bazidijsporu izlidosana un spgja inficét lapas tika kavéta, kad relativais gaisa
mitrums bija no 67% (2008. un 2009. gads, slimibas attistibas pakape 0.1 un
1 balle) Iidz 79% (2014. gads, slimibas attistibas pakape 0.5 balles). Pétijjuma
par bumbieru kraupi noskaidrots, ka, pazeminoties relativajam gaisa mitrumam,
pagarinas inkubacijas periods (Spotts, Cervantes, 1991). Datu analizé par
bumbieru — kadiku riisu noskaidrota loti vaja negativa korelacija (r=-0.10) starp
inkubacijas periodu un relativo gaisa mitrumu. Vides apstaklu ietekmes uz
abelu — kadiku risas ierosinataja Gymnosporangium juniperi-virginianae
bazidijsporu izlidoganu, datu matematiska analize pieradija,\ relativa gaisa
mitruma nozimigumu S$aja procesa, bet gaisa temperatiiras ietekme netika
novérota. ST pétijuma rezultati liecina, ka Gymnosporangium sabinae
bazidijsporu izlidoSana un infic€$anas sp&ja ir ciesi saistita arT ar vid&jo gaisa
temperatiru (r=0.75). Pétjjuma gados perioda no inficésanas sakuma lidz pirmo
simptomu paradiSanas bridim vid&ja gaisa temperatira bija butiski atSkiriga
(p<0.05).

Kopuma korelacijas koeficienti parada cieSu pozitivu saistibu starp
bumbieru — kadiku riisas attistibas pakapi un relativo gaisa mitrumu (r=0.73) un
vidgjo gaisa temperatiru (r=0.75), ka arT vid&ji cieSu saistibu ar nokriSnu
daudzumu (r=0.60).

ST pétijuma rezultati apliecina, ka bumbieru — kadiku riisas attistibas
pakape un izplatiba nevar but atkariga tikai no viena konkréta faktora, jo
patogéna veiksmigai attistibai nepiecieSams noteikts, sava starpa sabalans&ts
agroekologisko faktoru kopums (koku stadiSanas gads un atraanas vieta,
saimniekauga attalums lidz stadijumam, meteorologiskie apstakli), tacu
bumbieru — kadiku rtsas attistibas pakapi tom@r ietekmé bazidijsporu
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veidoSanas un attistiba, kas savukart var notikt tikai pie noteiktas temperatiiras,
nokri$nu daudzuma, relativa gaisa mitruma, ka ar citiem meteorologiskiem
raditajiem. To apstiprindja analizéto meteorologisko datu korelacijas analize.

Bumbieru — kadiku riisas ierobeZo$anas iespéjas pamatojoties
uz patogéna attistibas ciklu

Pamatojoties uz ilggadigo datu izpti un analizi (2008. — 2015. g.),
bumbieru — kadiku riisas ierobezoSanai efektivi bas tikai fungicidu
smidzinajumi atbilstoS§i patogena attistibas cikla Tpatnibam. Bazidijsporu
izlidoSanas periods atkariba no laika apstakliem var bat garS. Bazidijporu
izlidoSanas sakums parasti sakrit ar pumpuru plaukSanu. No Latvija
registrétajiem augu aizsardzibas lidzekliem pret bumbieru — kadiku riisu
pasreiz ieteikts smidzinat pieskares iedarbibas fungicidus — Effector (darbiga
viela — ditianons) un Dithane NT (d. v. — mankocebs) un sistémas iedarbibas
preparatus Score 250 EC (d. v. — difenokonazols) un Topas 100 EC (d. v. —
penkonazols)’.

Izp&tot bumbieru — kadiku riisas ierosinataja attistibas ciklu (2008. —
2015. g¢.) un izanalizgjot smidzinaSanas planus, konstatets, ka pirmais
smidzinajums uz bumbierém javeic pec lietus — nokriSnu daudzums sakot no
10 mm un vidgja gaisa temperatiira ne zemaka par 10 °C. Sados apstaklos
attistas teleito radzini, tajos formé&jas bazidijsporas un péc 4 — 5 stundam
iesp&jama masveida bazidijsporu izlido$ana, kas inficé bumbieres (8. att.).

Bazidiisporu izlidosana un bumbieru

inficéSana:

nokrisnu daud sakotno 10 mm,
a2y vidéja gaisa temperatiira ne zemaka
ar 10 °C

s

8. att. Bumbieru — kadiku rasas ierosinataja attistibas cikls un attistibas

stadija, kad nepiecieSams pirmais smidzinajums slimibas ierobeZoSanai.

Fig. 8. Development cycle of the European pear rust agent and the stage of
development when the first spray should be applied for disease control

2 http://www.vaad.gov.lv/sakums/registri/aalr-lidzeklis.aspx (08.08.2016)
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Lai péc iesp&jas precizak varétu prognozeét bazidijsporu izlidoSanu,
jaseko 11dzi laika apstaklu prognoz&m un javero izmainas uz kadikiem.

Talaka bumbieru smidzinaSana ir atkariga no nokri§nu daudzuma un
gaisa vidgjas temperatiiras. Ja pec smidzinajumiem ir ilgstoSs lietus, tie ir
jaatkarto, ieverojot nogaidiSanas laiku. Ja pavasaris ir sauss, smidzinajumu
skaits samazinas. Paaugstinoties vidéjai gaisa temperatiirai virs 15 °C, teleito
stadijas posms uz kadika noslédzas, un tas uzskatams par bumbierém nekaitigu,
jo mikroskopgjot Saja perioda ievaktu paraugu, bazidijsporu ipatsvars bija
nebitisks. Lidz ar to noslédzas fungicidu lietoSana bumbieru — kadiku riisas
ierobezoSanai.

Pagaidam veél nav izveidota IAA sisttma bumbieru slimibu
ierobezosanai, tacu fungicidu smidzinajumi, pamatojoties uz patogéna attistibas
cikla izp@ti, ir sakums integrétai slimibas ierobezoSanai.
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SECINAJUMI

. Latvija sastopamas tris Gymnosporangium sugas:

a. uz bumbierem (Pyrus communis) un kazaku kadika (Juniperus
sabina) bumbieru — kadiku riisas ierosinatajs G. sabinae (Dicks.) G.
Winter;

b. uz savvalas kadika (Juniperus communis) — G. clavariiforme (Jacq.)
DC. un G. cornutum Arthur ex F. Kern;

. uz piladziem — G. cornutum Arthur ex F. Kern.

. Latvija bumbieru — kadiku riisa sastopama visos apsekotajos bumbieru

stadijumos, tomer visstiprak bumbieres inficetas piemajas darzos.
Bumbieru — kadiku riisas bojajuma pakape lauka apstaklos dazadiem
bumbieru genotipiem bija at$kiriga. Izturigakie bija: Pyrus ussuriensis,
‘Tjoma’, ‘Sibirjacka’, Kazrausu bumbiere nr. 5, Petrilas nr. 11, ‘Doria’,
‘Elia’, U 678, ‘Doyenne d’Hiver’.

. Kontrolgtos apstaklos, izmantojot inokulaciju, atrasti rezistenti Kazrausu

séklaudzu nr. — 1-1-2v, 1-2-2v, 2-1-2v, 2-2-2v, 2-4-2v, 2-8-2v, kas ir
potenciali izmantojami veidojot pret bumbieru — kadiku riisu izturigas
skirnes.

. Bumbieru infic€Sanas ir atkariga no Gymnosporangium sabinae

bazidijsporu veido$anas un izlido$anas, kuru ietekmé meteorologiska
situacija. Labveligi apstakli ir: nokriSnu daudzums sakot no 10 mm un
vidgja gaisa temperatiira ne zemaka par 10 °C.

. Uz dzinumiem konstatétas tadas pasas patogéna attistibas stadijas ka uz

lapam, tacu attistiba norisinas 1&nak.
Bumbieru — kadiku riisas ierosinatajs G. sabinae bumbieru dzinumos
neparziemo.

. Bazidijsporu  izlidoSanas posms ir visnozimigakais slimibas

ierobezosana, kad nepiecieSams pirmais fungicidu smidzinajums uz
bumbierém. Atkartoti smidzinajumi nepiecieSami p&c nokriSniem, ja
Vidgja gaisa temperatira ir virs 10 °C. Lai p&c iespgjas precizak varétu
prognozet bazidijsporu izlidoSanu, jaseko Iidzi laika apstaklu
prognoze&m un javero izmainas uz kadikiem.
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INTRODUCTION

Pear (Pyrus communis L.) is the second most common pome fruit crop
in Latvian orchards, with a total growing area of about 200 hectares. Pear yield
and quality is influenced by a number of important diseases. Plant protection
systems that ensure the control of diseases have been used worldwide in
commercial orchards. This is not applicable for home and organic gardens
where plant protection products are not used or used to a very limited extent.
Therefore occurances of European pear rust are increasing, caused by the
dioecious pathogen with incomplete development cycle Gymnosporangium
sabinae (Dicks.) G. Winter. The development of the pathogen requires both
pear and juniper. Various species of junipers are popular in Latvian gardens and
this has contributed to the spread of the disease in orchards. Unfortunately,
during recent years the disease has also occurred in some commercial orchards,
where application of fungicides for European pear rust control has not been
sufficiently effective.

The scientific literature provides information mainly about development
of European pear rust on leaves, but there are some observations that the
pathogen can also infect fruits and shoots. Publications about optimal
conditions of telia stage development under in vitro conditions are quite
common, but there are no reports on characteristics of aecidial development. It
is considered that Gymnosporangium sabinae is unable to remain in the
infected shoots, but in one study aecia spores were observed in the following
year (Hunt, O'Reilly, 1978). There is an opinion in Latvia that is often
mentioned in the popular literature that the source of infection can be infected
shoots, therefore it was necessary to scientifically investigate the overwintering
possibilities of the pathogen. Each stage of development is important in the
pathogen life cycle and requires certain conditions. Detailed, systematic and
long-term studies on the developmental peculiarities of the European pear rust
agent have been published to date. It is known that nine Gymnosporangium
species occur in Europe, but until now, the occurance of species in Latvia was
unknown, as well as their presence on pear trees. Control of European pear rust
needs a specific approach in the integrated pest management system. In the
only study on European pear rust control indicated that the spraying of junipers
with mancozeb has an effective impact on disease controlby. Currently there
are no scientific studies on the effect of pear tree spraying on disease severity.
However, it was reported in popular foreign literature that this substance has a
positive effect on the reduction of disease severity.

Systematic scientific research in Latvia on the European pear rust
development and distribution was initiated in 2008, in the framework of the
author's Master Thesis “European pear rust (caused by Gymnosporangium
sabinae) prevalence and control capacities”.
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Hypothesis: Several species of Gymnosporangium occur in Latvia. The
development cycle of European pear rust agent is dependent on agro-ecological
conditions and pear genotype.

The aim of the research was to clarify the impact of agro-ecological
factors on Gymnosporangium sabinae (Dicks.) G. Winter biology, European
pear rust epidemiology and possibilities of application of integrated pest
management for disease control.

The tasks of the research:

o to identify species of Gymnosporangium occuring in Latvia on

junipers and pears;

o to clarify the agro-ecological conditions affecting the developmental
cycle, occurrence and disease index of Gymnosporangium sabinae;

o to assess disease severity depending on the pear genotype; to develop
European pear rust control recommendations for integrated pest
management systems.

The novelty of the research:

o for the first time Gymnosporangium species, which cause European
pear rust were identified and their distribution in Latvia determined,;

o peculiarities of the European pear rust developmental cycle were
studied,;

e European pear rust disease index depending on the genotype of pears
was evaluated.

Theses to be defended:

e several species Gymnosporangium occur in Latvia;

o the European pear rust developmental cycle is dependent on agro-
ecological conditions and pear genotype;

o control of European pear rust should be based on the developmental
cycle of the pathogen in the specific agro-ecological conditions.

The doctoral thesis is structured in three sections - Literature review,
Material and methods, Results and discussion. The thesis has 105 pages (not
including bibliography and appendices); work has 29 tables, 69 figures;
211 bibliographic sources, as well as 44 annexes. Eight conclusions were
formulated.

The practical importance of the results. The research results and
conclusions about Gymnosporangium sabinae can be used in the breeding of
new cultivars and control of the pathogen not only in Latvia, but also in other
European countries.

Studies were conducted at the Institute of Horticulture from 2008 to
2015. Plant material was collected throughout territory of Latvia, inspecting
762 junipers (Juniperus communis and J. sabina), as well as pears (Pyrus
communis) and mountain ashes (Sorbus) from 53 sites in Latvia. Species
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identification was performed on 18 samples of J. sabina, 4 samples of J.
communis, 60 specimens of P. communis and 3 samples of Sorbus.

Approbation of research data: the study and results were presented by
seven reports in international scientific conferences and one report in local
scientific conference, as well as in workshop for Latvian nurseries. The results
are published in the six international peer-reviewed scientific papers in English,
as well as six conference abstracts.

MATERIAL AND METHODS

Research area. The location of juniper groves and pear plantations were
surveyed, covering the entire territory of Latvia. The data on pathogen cycle
characteristics used in study, evaluation of pear - juniper rust severity and
disease index depending on the pear genotype and agro-ecological conditions
on the Gymnosporangium sabinae development cycle, the assessment of
distribution and development stage were collected at the Institute of
Horticultural (DI) in three different pear plantations from 2008 to 2015. Trials
on pathogen overwintering and tests on pear genotype resistance to European
pear rust were performed in greenhouse conditions. Kazrausu pear seedlings
were used in the inoculation trials.

Sample collection. Samples of junipers (parts of plants with signs of
rust) were collected in the spring, at the early stage of pathogen development
cycle (April, May) and stored at -20 °C after collection. Pear and rowan leaves
with aecia were collected in autumn (August, September), at the beginning of
aecia spore release. Collected samples were dried and stored in paper envelopes
at room temperature.

Studies of telia horn, telia spore and aecia spore morphology.
Morphological characteristics of telia horns were described at sampling. Telia
horns were grouped according to certain characteristics - location on the
juniper, color and length of the horn for description of morphological
characteristics. For studies of telia spore morphological characteristics, telia
horns were taken out from the refrigerator and rehydrated for five minutes in
distilled water at room temperature. Aecia spores from aecia on one leaf were
measured. A light microscope (Leica DMLS) (magnification x100) was used to
measure the length and width of 100 spores for each sample. Only intact spores
were measured.

Species identification by sequencing. Sequencing of ribosomal DNA
ITS region and comparison with available sequences in databases was carried
out to confirm species identified by morphological characteristics.

Telia horns from junipers and two aecia per each collected sample from
pears were crushed in liquid nitrogen before DNA extraction. DNA was
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extracted using reagent kit DNeasy Plant Mini Kit (Qiagen, Germany)
according to the manufacturer's protocol. DNA concentration and purity was
measured by spectrophotometer ND-1000 (Nano Drop). PCR amplification of
ribosomal DNA ITS region was carried out in 50 ml volume using thermo
cycler Master Cycler EP Gradient (Eppendorf, Germany). The resulting PCR
products and their approximate lengths were tested by 1.5% agarose gel
electrophoresis, stained by ethidium bromide. Estimated lengths of DNA
fragments were determined using the length marker Gene Ruler 100 bp Plus
(Thermo Scientific, Lithuania). Before sequencing PCR products were purified
using the reagent kit QIlAquick PCR Purification Kit® (Qiagen, Germany)
according to the manufacturer's protocol. The quality test of resulting
sequences, assembly and, if necessary, manual edition was done using the
SegMan program from the software package Lasergene 8 (DNASTAR Inc.,
USA). Sequence comparisons with the sequences available in the GenBank®
database were performed. Their initial eligibility was tested by Mega BLAST
analysis.

Research on the European pear rust agent (G. sabinae)
developmental cycle was carried out from 2008 to 2015 in the DI pear
plantation, located about 200 meters from a group of Juniperus sabina plants,
which are hosts of the pathogen. Juniperus sabina branches at different stages
of disease development were collected to study development of
Gymnosporangium sabinae telia and basidia spores: at the time of the first
onset of disease; at early stage of telia horn growth; after a light rain when telia
horn dimensions did not chang; after intense rain, when horns were of a
gelatinous consistency. The samples in the laboratory were microscoped to
evaluate development of telia and basidia spores. Telia horn formation, telia
and basidia spore formation was studied. Development of symptoms on the
pear leaves, shoots, fruits, as well as the first symptoms, formation of spermatia
and aecia, time of aecia spore release were studied in the pear plantation.
Infected shoots were listed, marked and development was observed during
growing seasons of the study period. Air average temperature, daily
precipitation, as well as relative humidity were recorded for all pathogen
developmental stages.

Research on G. sabinae overwintering possibilities was initiated in the
greenhouse in 2015, when inoculation was carried out. For this experiment
plants were selected, which had symptoms of European pear rust in 2014. One
or two branches of these genotypes were infected in 2015 to determine the
ability of the pathogen to hibernate. The branches were separated by insulators,
which were removed immediately after the incubation period. Inoculation was
performed with basidia spore suspension obtained from J. sabina (1 ml = 6 x
10° spores). A total of 9 pear genotypes were infected, including 20 repetitions,

% http:/Avww.nchi.nlm.nih.gov/genbank/ 08.09.2016.
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of which 11 repetitions were infected, but 9 - negative. Observations were
made after the massive onset of symptoms (the first decade of June),
accounting for the infected and non-infected genotypes, as well as recording the
frequency of spots on the leaves.

Severity and disease index of European pear. Severity was assessed
visually in the pear orchard at the same time of growing season in July (based
on pathogen development cycle, because aecia spores are fully developed at
that moment). 271 pear genotypes in total were measured during the study
period (2008 - 2015). Disease severity determination was done according a
five-point scale, where 0 - no symptoms on the leaves; 5 - from 81 to 100%
leaves with symptoms.

The disease index on the leaves was evaluated for 260 pear genotypes,
during the period from 2012 to 2015.

In July, August 100 leaves from each pear genotype tree or branch were
randomly collected. They were grouped into categories, depending on aecia
number on each leaf, and the number of leaves in each category were counted.
The disease index was calculated using the formula (1), described by Juhasova,
Praslieka 2002:

(€

(Oxa)+(Lxb)+(2xc)+(3xd)
4

BP = +100

where:

BP — disease index;

leaf damage category: 0 — no aecia on leaf; 1 — from 1 to 3 aecia on leaf; 2 —
from 4 to 7 aecia on leaf; 3 — more than 8 aecia on leaf;

4 — number of categories in scale;

100 — total number of measured leaves;

a, b, ¢, d — number of leaves in each category.

Greenhouse tests of pear genotype resistance to European pear rust.
Pear genotypes (Kazrausu seedlings) (n = 20) were inoculated with a basidia
spore suspension from J. sabina. Genotype resistance / susceptibility
assessment was carried out after a massive onset of symptoms (the first decade
of June), accounting for genotypes with and without symptoms, as well as
describing morphological characteristics of the spots.

Significance of agro-ecological factors was studied on the cultivar
‘Suvenirs’, grown on Kazrausi seedling rootstock (planting years - 2002 and
2004) in orchard plot from 2008 to 2015. Planting distance between trees:
4 x 3 m. The tested trees were randomly located in plot.

Statistical processing of data. The statistical analysis of research data
was performed using the software SPSS v. 15 using the descriptive statistics
module, univariate analysis of variance (ANOVA), assessing the significance
of the difference to the confidence level of p = 0.05, correlation analysis and
Duncan test.
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Description of meteorological conditions. Factors influencing the
development of the disease were analyzed by describing of meteorological
conditions - rainfall and the average air temperature during the period from the
third decade of April until the third decade of May. Typically, in Latvia and
also in other parts of the Baltic region, the plant growing season starts at this
time, while the third decade of May is the last moment of the season for
possible release of basidia spores from junipers and infection of pears.

Data was obtained from the DI field meteorological station “Lufft”.
During the period from 2008 to 2015, the highest total rainfall was reported in
2010 and 2013 - 82.8 mm in 2010 and 118.9 mm in 2013. Daily average air
temperatures were similar over the study period: minimal 10.5 °C in 2015, the
maximal 13.2 °C in 2013.

RESULTS

Identification of Gymnosporangium species occurring in
Latvia on junipers and pears

Nine Gymnosporangium species have been identified in Europe, of
which G. sabinae is important for pears (Helfer, 2005). There were no
systematized scientific studies until now in Latvia on the identification of
Gymnosporangium species; therefore there were no accurate data on
Gymnosprangium species occurrence in Latvia.

Genus Gymnosporangium initiates dioecious rusts, therefore host
(juniper) and the secondary host (pear, mountain ash) were surveyed. Overall,
in 2012, 2013 and 2014, 772 junipers (Juniperus communis and J. sabina) were
surveyed as well as pears (Pyrus communis) and mountain ashes (Sorbus) from
53 plantations in Latvia. Identification of species was done on 18 samples of
J. sabina, 4 samples of J. communis, 60 specimens of P.communis and
3 samples of Sorbus.

Identification of Gymnosporangium species based on the
morphological characteristics.

Telia stage. Formation of telia horns was observed in spring on junipers.
For the majority of collected Juniperus sabina samples (16 samples) horns
were located on the trunk and / or woody branches. For two samples horns were
found on needles and green shoots (samples No. 2 (collected in Dobele, DI) and
No. 5 (collected in Stalgene)). For samples collected from J. communis horns
were located only on the trunk or woody shoots and formation of horn sets was
not observed. Differences in horn morphological characteristics were observed
between samples from J. sabina and J. communis - samples collected at the
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same time differed in horn size and color. Two-cell telia spores typical for the
Gymnosporangium genuswere detected in all samples collected on junipers.
Significant differences (p = 0.000) were detected between length and width of
collected spore samples. On average telia spores (n = 2200) were 51.10 um
(26-101 pm) long. Sample no. 10 collected from J. communis in Jarmala was
significantly different, with an average spore length of 36.62 um (26-46 pm)
and 1.23 pm (18-27 pum) width. A similar spore size was reported by Helfer
(2005) and Kern (1911) describing G. cornutum telia spore size. Collected
samples did not have significantly different horns colour - they all were orange.
The horn colour is affected by precipitation (Hilbers, Siegfried, 1989), therefore
paler horns were observed in samples collected shortly after rain (samples no.
1, 5 and 6), but darker ones in samples collected during dry periods.

Collected samples can be grouped into three groups (Table 1) according
to horn length, shape and size of spores.

Aecia stage. Shape, color, location of aecia horns was described for
samples collected from pears and rowanberries (Hiratsuka, Hiratsuka, 1980;
Hiratsuka, Sato, 1982; Lee, Kakishima, 1999). Samples were described at the
time when aecia horns developed and started release of aecia spores. Aecia
groups, where aecia spores are developing, were observed mainly on the
bottom of pear leaves, but were also on the shoots and fruits. Although this is
not a typical and common occurrence, in some scientific publications it was
mentioned (Mendgen, 1983; Lee, Kakishima, 1999; Yun, Rossman, Byrne,
2009). Significant differences in shape, color and size were found between pear
and rowan leave aecia. Aecia horns on pears were brown, balonoid with an
extended middle part. These traits coincide with the morphological description
of aecia of the European pear rust agent G. sabinae by Lee and Kakishima
(1999). Aecia on rowans were more orange. Peridiums on pears were light
brown, on rowans - brown, but on both species they were well developed and
stretched, typical of the genus Gymnosporangium Roestelia type. Aecia spores
on pear and rowan were unicellular, with an irregular circular form. Size of
spores was not significantly different from the information given in the
literature that G. sabinae aecia spores are 25-31 um long and 22 to 29 um wide,
but G. cornutum - 21-29 um long and 16 to 25 um wide (Kern, 1911; Helfer,
2005). Based on morphology of telia horns, telia and aecia spores and
comparing with available literature (Kern, 1911; Lee, Kakishima, 1999; Helfer,
2005), it can be concluded that three Gymnosporangium species occur in Latvia
- G. sabinae (Dicks.) G. Winter on pear and Cossack juniper, G. cornutum
Arthur ex F. Kern on rowans and wild junipers and G. clavariiforme (Jacqg.) DC
on wild juniper.

Identification of Gymnosporangium species by sequencing. Twenty
four juniper, 56 pear and 2 rowan samples were sequenced. High-quality ITS
region sequences were obtained for all juniper samples, 49 pear and one rowan
sample. Quality sequences were not obtained for samples Py 27.2, Py 33, S 2.1,
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S 2.2, Py 25.1.1, Py 0.1, Py 0.2. Juniper sample DNA sequences of the ITS
region were from 641 nucleotides (sample no. 10) to 704 nucleotides (sample
no. 18) in length, but for pear and rowan samples from 673 nucleotides (sample
Py 26.1) to 710 nucleotides (Py 34.1). Obtained sequences were compared with
the ITS sequences from the NCBI Blast database available for identified
species, and almost 100% similarity was found with species identified by spore
morphology (except for samples no. 10 and S 3.1). Telia horn and spore
morphology of sample no. 10, as well as morphological features of aecial stage
for sample S.3.1 corresponded to the description of species Gymnosporangium
cornutum, but three partial sequences of G. cornutum available in the GenBank
database did not show similarity with the obtained set of sequences. According
to the sequence comparisons with the sequences available in the GenBank
database and representing a high similarity (99 - 100%), G. sabinae was
identified on Latvian pears (Pyrus communis) and Cossack junipers (Juniperus
sabina) whereas on wild juniper (Juniperus communis) - G. clavariiforme and
uncultured Basidiomycota, which telia stage morphology corresponded to
G. cornutum were identified. Morphology of aecial stage identified
G. cornutum on rowan samples.

Distribution of Gymnosporangium species in Latvia

European pear rust is caused by pathogens of the genus
Gymnosporangium. Its host plant is Juniperus sabina and J. communis (Kern,
1911, Helfer, 2005), therefore certain Gymnosporangium species were
identified in the entire territory of Latvia (Figure 1) and the surveyed
772 junipers of different species, 53 pear orchards in 45 sites. During pear
sampling rowans and hawthorns were also surveyed, which are the secondary
hosts for other Gymnosporangium species, and 3 rowan samples with rust
symptoms were collected. Disease symptoms were not found on surveyed
hawthorns. Overall, 189 junipers were examined in Kurzeme, of which 5 had
rust symptoms, while 10 of 11 pear orchards were infected; in Zemgale —
42 junipers (15 with symptoms) and 12 pear plantations (11 infected); in
Latgale - 155 junipers (1 with symptoms) and 13 pear plantations (12 infected);
in Vidzeme - 386 junipers (4 with symptoms) and 9 pear plantations
(8 infected).

Ornamental juniper plantations in Kurzeme and Zemgale were found
in the city greeneries, near churches, as well as in cemeteries. In Kurzeme,
mainly Cossack juniper Juniperus sabina was found, which is one of the
European pear rust host species. In cities junipers were well maintained with
sparse and thinned crowns. The branches and trunks had no hypertrophied
thickenings, which can indicate the presence of a pathogen in the plant. For
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plants with symptoms telia horns were seen only in a few knots, not over the
entire shrub. The disease is usually seen on older and denser bushes. A different
situation was observed in juniper groves in Vidzeme and Latgale. In the
expedition route Dobele - Daugavpils - Kraslava - Rézekne - Dobele
ornamental and common junipers were found relatively rarely. A total of
155 junipers of different species were examined. J. sabina mostly dominated in
ornamental greeneries, whereas J. communis on the edges of forests. In Latgale,
only one sample of J. sabina juniper was collected at the Laucesa parish
cemetery. The site of infection was found only on one of the older trunks and
according to external features can be concluded that it is perennial and
localized. Disease symptoms were not found on the younger parts of the plant.

In the expedition route Dobele - Gulbene - Balvi - Aluksne - Ape -
Gaujiena - Valka - Strenéi - Smiltene - Sigulda - Kegums - Dobele Cossack
junipers, J.sabina occurred rarely. Other species of junipers were widely
grown in greeneries, which according to the literature are resistant to European
pear rust. J. communis was distributed in some sites, but in dense plantations. In
total 210 plants of these two species of junipers were observed and three plants
of J. sabina were infected. Also for these plants infection was perennial and
localized.

On the route Dobele - Ergli county - Cgsis district - Limbazi district -
Dobele junipers was not frequent, the most frequently observed species were
thujas (Thuja occidentalis), boxes (Buxus sempervirens) and other tree plants.
In total 176 plants were examined, one common juniper J. communis was with
rust symptoms.

Comparison of European pear rust severity across the regions showed
that less infected pears were found in Latgale (average severity — 1.06) and
Vidzeme (average severity - 1.11). A significantly different situation was
observed in Kurzeme (average severity — 2.36) and Zemgale (average severity -
1.67) (Figure 2).

Severity of European pear rust on pears was uneven in Latvia - the
highest severity of disease and the most concentrated prevalence was observed
in Zemgale and Kurzeme, where majority of infected samples was collected.
Whereas severity of European pear rust was significantly lower in Latgale and
Vidzeme.

Peculiarities of European pear rust agent development cycle
European pear rust agent Gymnosporangium sabinae is a dioecious rust
pathogen with an incomplete developmental cycle, which forms four spore

types - telia and basidia spores on junipers, and spermatia and aecia spores on
pears. However, duration and progress of each developmental stage is affected
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by agro- ecological factors, therefore it is necessary to determine these
peculiarities to predict the possible spread of disease and its severity under
specific circumstances. Such studies in Latvia were started in 2008.

Development on juniper. Development of Gymnosporangium sabinae
on juniper was studied from 2008 to 2015. According to the meteorological
parameters in a seven-year period (2008 - 2015), the optimal conditions for the
earliest stages of telia horn development are average air temperatures above
5 °C, relative humidity 74% with rainfall above 25 mm. Further development
of horns depends on the rainfall and temperature. It was observed that due to
the lack of rainfall and temperature, the formation of horns at initial stages can
last up to one month. However, under favourable temperature (over 10 °C) for
further development, even a small amount of rain can change the colour and
size of horns. A strong and long-lasting rain (rainfall of 10 mm) affects the
horns; they swell up to 2 cm in length, become bright orange and obtain a
gelatinous consistency. Microscopic examination of horns identified
germinating telia spores, basidia and basidia spores. The favourable conditions
for this stage - the average air temperature above 10 °C, relative humidity of
80%, rainfall from 10 mm, overlaps with conditions, which ensure basidia
spore release and pear infection. It was observed that in this horn development
stage, changes in rainfall can influence the duration of basidia spore release. In
case of strong and sustained rainfall (more than 30 mm), the period of spore
release is shorter than during lower rainfall. Sum of active temperature (ATS)
has a positive correlation with the period from the beginning of vegetation until
release of basidia spores (r =0.93). During the eight-year study period, the
average number of days from the beginning of vegetation until basidia spore
release was 23 days, ATS reached an average of 221 °C, with average daily
temperature - 9 °C. After release of basidia spores the end-phase of an early
telia stage was observed on junipers. This stage can be described as harmless
for pears because the proportion of basidia spores in microscoped samples was
insignificant. The telia stage developmental phase of junipers ended when
average air temperature was increasing (above 15 °C). No influence of
precipitation was observed at this stage of development - even after heavy rain
(27 mm), the shape of horns remained unchanged.

Development on pear. The next stage of the European pear rust agent
developmental cycle is spermogonia and aecia or spring stage and this
sporulation stage takes place on pears. Results of field observations were
collected from 2008.

Symptoms of European pear rust mainly occur on the leaves, rarely on
fruit and shoots. Observations show that symptoms on leaves are found only in
the lower part of shoots (Figure 3). This proves that infection of secondary host
occurs at the beginning of the growing season, and that the pathogen is missing
the uredo step in the developmental cycle, which enables infection during the
entire growing season.
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The length of the incubation period (the number of days from the
moment of infection, determined according to basidia spore development and
release, to the first symptoms) was significantly different (p <0.05) over the
study period. The first symptoms of European pear rust on pear leaves during
the study period were found at the end of the third decade in May, the massive
onset of symptoms was observed in the first decade of June. The length of the
incubation period was 24 days on average (the shortest - 17 days in 2010, the
longest - 42 days in 2015). A positive correlation was observed between the
sum of active temperatures (ATS) and the length of the incubation period
(r=10.92), but a negative correlation with the length of the incubation period
and the average daily air temperature (r = -0.63). A longer incubation period
was observed at a lower average temperature. The next stage of pathogen
development - spermatia appearance on spots, usually occurs in early July or
36 days on average after the onset of symptoms on the leaves, with the average
daily air temperature of 16 °C and ATS of 575 °C. The next stage in the
development of the pathogen is the aecial stage, during which aecia spores are
formed to infect the primary host. The formation of aecia was observed on the
bottom of the leaves in the first decade of August. According to the field
observations, beginning of aecia spore release occurs at the end of August.
Significant differences between the years was observed for the period from
onset of symptoms to aecia spore release (p <0.05). The period from onset of
symptoms to aecia spore release was 93 days on average, the ATS - 1622 °C,
the average daily air temperature - 17 °C. The average period of pathogen
development on pears (aecial or spring stage) was 117 days (the longest in 2015
- 126 days, the shortest in 2011 - 110 days). A summary of European pear rust
agent stages on pear and phenological indicators are presented in Table 2.

Detailed and systematic studies of the European pear rust agent
development on fruits and shoots are limited. Most authors describe the leaves
(Hilber, Schiiepp, Schwinn, 1990; Jones, Aldwinckle, 1997; Fitzner, Fischer,
2005; Schildberger, 2011; Filipp, Spornberger, Schildberger, 2012), only a few
mentioned shoots (Mutpodanosa, 1970; Hunt, O’Reilly, 1978) and fruits
(Mutpodanosa, 1970), therefore pathogen development on the shoots was
studied. The same stages of pathogen development were observed on shoots as
on leaves (Figure 4), but small differences were found in their developmental
speed - on the shoots symptoms were slightly delayed, and further development
was also slower than on the leaves. Viability of the pathogen in pear shoots in
the field was not observed during several of the study years - all infected shoots
withered and pathogen development did not continue.

Possibilities of pathogen overwintering in pears. It is considered that
Gymnosporangium spp. is unable to remain in the infected shoots, however in
one study aecia were observed in the following year (Hunt, O'Reilly, 1978).
There is an opinion in Latvia, which is often mentioned in the popular literature
that infected shoots can be a source of pear infection, therefore it was necessary
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to scientifically investigate the overwintering capabilities of the pathogen.
Inoculation tests were performed on genotypes selected as susceptible to
European pear rust, based on the results of inoculation in 2014. In 2015, each
tree was inoculated with 2 to 3 replicates, including one without inoculation
(control). Experimental results indicated that in 2015 symptoms of the disease
were observed only on inoculated branches of the plant, but not on control
branches. This was observed for all 20 repeats. Based on these observations,
two important conclusions may be stated: the European pear rust agent
G. sabinae does not overwinter in pears and does not cause re-infection, even if
the plant was heavily infected in previous growing season; European pear rust
distribution and severity depends on the possibility to isolate plants during
basidia spore release.

The evaluation of pear genotype susceptibility or resistance to
European pear rust

The disease index (BP) was calculated since 2012 to assess the
susceptibility of pear genotypes to disease. The aim was to find pear genotypes
resistant to European pear rust for further use in breeding work as resistance
donors. BP according to frequency of spots or aecia on leaves was evaluated for
260 pear genotypes during four years (2012 - 2015). Average differences
between pear genotypes during all years of survey were small, statistically not
significant (p = 0.999). By excluding the lowest and highest values
(respectively 0.18 for P. eleagnifolia and 0.91 Rizas pear), according to four-
year average BP values, pear genotypes can be divided into 5 groups: BP from
0.25 to 0.39; from 0.40 to 0.49; from 0.50 to 0.59; from 0.60 to 0.69 and from
0.70 to 0.86. Only 10% of all evaluated genotypes had BP from 0.25 to 0.39.
This group is mainly composed of genotypes from the Latvian genetic
resources collection, as well as some introduced cultivars, such as ‘Hortensia’,
‘David’, ‘Beta’, “Tihij Don’ and others. Higher values of BP were typical for
the other smaller group - with 7% of genotypes, e.g. ‘Beurre Bosc’, ‘General
Leclerc’, ‘Alexandrine Douillard’ and others. Cultivars grown in Latvia such as
‘Suvenirs’, ‘Vasarine Sviestine’, ‘Vidzeme’, ‘Liepajas Sviesta’ and some
others, were included in the group with BP values from 0.4 to 0.49. The most
widely grown cultivar in Europe, 'Conference' had a BP value of 0.69, which
describes it as susceptible. This coincides with the published information about
the high susceptibility of this cultivar to European pear rust (Fischer, Weber,
2005). Results of this study also confirm data from Crimea (MurpodaHosa,
1970), where the cultivar ‘Beurre Bosc’ was highly susceptible, but the cultivar
‘Clapp's Favourite’ — less susceptible: average BP for ‘Beurre Bosc’ was 0.71,
but ‘Clapp's Favourite’ - 0.47. In the Netherlands cultivar ‘Erika’ was described
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as having few symptoms of European pear rust (Kemp, van Dier, 2000), but at
the DI orchard, resistance of this cultivar to the disease was low (BP - 0.54).
P. eleagnifolia had the highest resistance to European pear rust in the DI
orchard (BP — 0.18), which is in contrast to the results reported by Fitzner and
Fischer who defined it as susceptible (Fitzner, Fischer, 2005). The most
susceptible species was P. ussuriensis that fits with results from a study in
Germany (Figure 5).

The symptoms of European pear rust depending on pear
genotypes

Differential response of pear genotypes to pathogen infection was
observed in field conditions during disease susceptibility studies in Belgium
(Kellerhals, Szalatnay, Hunziker et al., 2012). In this study differences between
genotypes in spot size, colour (Figure 6) also were identified, as well as
differences in the border between the spots and the healthy part of the leaves.

The most of the tested genotypes had similar size of spots; only nine
genotypes had very small spots. Since this feature was constant for these
genotypes throughout all study years, then it is possible to conclude that these
genotypes are resistant to the infection of this pathogen. During the study
(2014, 2015) pear genotypes (Kazrausu seedlings) (n = 20) were inoculated in a
greenhouse with a suspension of J. sabina basidia spores. The obtained results
were different from previously published reports about the absence of natural
resistance of pears to European pear rust. During the experiment pear
genotypes without symptoms of European pear rust were identified in both field
and greenhouse trials. This subject has been previously investigated based only
on the results of field observations (Kemp, van Dier, 2000; Kellerhals,
Szalatnay, Hunziker et al., 2012), but these studies did not confirm or deny pear
genotype resistance based on greenhouse tests performed in this study.
According to the research results, the following resistant pear genotypes can be
recommended for breeding - Pyrus ussuriensis, ‘Tjoma’, ‘Sibirjacka’, Kazrau$u
pear no. 5, Petrilas no. 11, ‘Doria’, ‘Elia’, U 678, ‘Doyenne d’Hiver’, as well as
Kazrausu seedlings no. - 1-1-2v, 1-2-2v, 2-1-2v, 2-2-2v, 2-4-2v, 2-8-2v.

The impact of agro-ecological factors on the severity and
distribution of European pear rust

The disease severity and distribution were analyzed on the cultivar

‘Suvenirs’ during the period from 2008 to 2015, to clarify the impact of agro-
ecological factors on European pear rust. Previous reports indicated that disease
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severity and distribution may depend on plant age (Charles, Power, Power,
2006; Bonde, Nester, Berner, 2012; Sharabani, Shtienberg, Borenstein et al.,
2013), but statistical analysis of this data from this study did not find significant
differences between tree planting year (p = 0.256) for European pear rust
severity. Therefore meteorological conditions for the period from basidia spore
release or infection starting date until the onset of symptoms were analyzed, as
well as their impact on the average severity for cultivar ‘Suvenirs’. The severity
of European pear rust on the cultivar ‘Suvenirs’ varied considerably over the
years (p <0.05), with the highest level in 2010 and 2013 (Figure 7).

The severity and distribution of disease is mainly affected by formation
and development of basidia spores, and their ability to penetrate leaf tissues
(Hau, De Vallavieille-Pope, 2006). Each of these processes can happen only at
a specific temperature, rainfall, relative humidity and other meteorological
parameters (Chen, 2005; Mutpodanosa, 1970; Pearson, Seem, Meyer, 1980).
Correlation analysis showed a moderately positive relationship between rainfall
and the severity of the disease (r = 0.61) and a higher positive relationship
(r=0.73) between the relative humidity and the severity the disease.
Significant impact of rainfall on disease severity has been also reported in other
studies (Mutpodanosa, 1970; Hilber et al., 1990). The highest severity for
cultivar ‘Suvenirs’ was observed in 2010 and 2013, when the relative humidity
was 82% and 83%, respectively. At such relative humidity Gymnosporangium
sabinae basidia spore release and pear leaf infection was the most effective.
High relative humidity of 85% is also needed for basidia spore release in the
related species Gymnosporangium juniper — virginianae, the causal agent of
apple rust (Pearson, Seem, Meyer, 1980). At higher humidity and rainfall
basidia spore release capability decreases (Pearson, Seem, Meyer, 1980), as
well as reduces their ability to infect leaves (Murpodanosa, 1970). Basidia
spores are very sensitive to drying out; they very quickly lose their viability due
to insufficient moisture and direct sunlight (Gold, Mendgen, 1991).
Consequently, there is no infection and disease severity decreases. According
to analysis of this study data, release of Gymnosporangium sabinae basidia
spores and their infection ability was hindered when the relative humidity
ranged from 67% (disease severity in 2008 and 2009 was 0.1 and 1 points,
respectively) to 79% (disease severity in 2014 was 0.5 points). A study on pear
scab showed that lower relative humidity increases the incubation period
(Spotts, Cervantes, 1991). Data analysis on European pear rust showed a very
weak negative correlation (r = -0.10) between the incubation period and the
relative humidity. Results of this study showed that Gymnosporangium sabinae
basidia spore release and the infection ability is also closely linked to the
average air temperature (r = 0.75). The average air temperature was
significantly different (p <0.05) between years of study during the period from
the start of infection until the appearance of the first symptoms.
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Overall, the correlation coefficients showed a strong positive
relationship between severity of European pear rust and relative humidity
(r = 0.73) and the mean air temperature (r = 0.75), as well as a moderately close
correlation with rainfall (r = 0.60).

This study confirms that European pear - juniper rust severity and
distribution cannot depend only on one particular factor, because successful
development of the pathogen requires a specific and mutually balanced set of
agro-ecological factors (tree age, location of the host plants, meteorological
conditions). The disease severity is affected by formation and development of
basidia spores that can be successful only at specific temperature, rainfall,
relative humidity and other meteorological parameters. This was confirmed by
correlation analysis of meteorological data.

European pear rust control possibilities based on the pathogen
development cycle

On the basis of long-term research and data analysis (2008 - 2015)
effective control of European pear rust can be done only by use of fungicide
sprays according to pathogen developmental cycle characteristics. Depending
on the weather conditions, the period of basidia spore release can be long.
Normally basidia spore release coincides with bud burst. In Latvia, control of
European pear rust can be done by several currently registered plant protection
products, tangent exposure fungicides - Effector (active substance - ditianon)
and Dithane NT (active substance - mancozeb) and systems exposure
fungicides Score 250 EC (active substance - difenoconazole) and Topas 100
EC (active substance - penconazole)®.

Investigating the developmental cycle of the European pear rust agent
(2008 - 2015) and analyzing the spraying plans, it was found that the first spray
on pear should be done after rain - rainfall over 10 mm and average air
temperature not lower than 10 °C. In these circumstances telia horns develop
where basidia spores are formed and after 4 - 5 hours a massive release of
basidia spores is possible to infect pears (Figure 8). The weather forecasts and
development of the pathogen on junipers should be monitored in order to
predict basidia spore release more accurately.

Further pear spraying depends on rainfall and average air temperature.
Sprays should be repeated taking into account waiting periods if long rain
periods occur after the first spray. In dry springs, the number of sprays should
be decreased. The telia stage on junipers ends when average air temperature
rises above 15 °C, this period is considered safe for pears since microscopic

* http://www.vaad.gov.Iv/sakums/registri/aalr-lidzeklis.aspx (08.08.2016)
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examination of samples taken during this period showed a low frequency of
basidia spores. Consequently, the use of fungicides for European pear rust
control after this developmental stage is not required.

Currently, an IPM system for pear diseases has not been established, but
fungicide sprays on the basis of the pathogen life cycle is the beginning of the
development of an integrated disease control system.
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CONCLUSIONS

. Three Gymnosporangium species occur in Latvia:

a. on pear (Pyrus communis) and Cossack juniper (Juniperus sabina) —
European pear rust, agent G. sabinae (Dicks.) G. Winter;

b. on wild juniper (Juniperus communis) - G. clavariiforme (Jacq.) DC.
and G. cornutum Arthur ex F. Kern;

c. onrowan — G. cornutum Arthur ex F. Kern.

. European pear rust occured in all surveyed pear orchards in Latvia, the

most strongly infected pears were in home gardens.

. The disease index of European pear rust was different among pear

genotypes. The most resistant genotypes were: Pyrus ussuriensis,
‘Tjoma’, ‘Sibirjactka’, Kazrausu pear no. 5, Petrilas no. 11, ‘Doria’,
‘Elia’, U 678, ‘Doyenne d’Hiver’.

. By inoculation under controlled conditions resistant Kazrausu pear

seedlings were identified (no. - 1-1-2v, 1-2-2v, 2-1-2v, 2-2-2v, 2-4-2v,
2-8-2v), which are potentially usable for breeding of pear cultivars
resistant to European pear rust.

. Pear infection depends on Gymnosporangium sabinae basidia spore

formation and release, which is influenced by the meteorological
situation. Favorable conditions are rainfall over 10 mm and average air
temperature not lower than 10 °C.

. The stages of pathogen development on shoots are the same as on

leaves, but slower.

. European pear rust agent G. sabinae does not overwinter in pear shoots.
. The basidia spore release stage is the most important for disease control,

when the first fungicide spray is necessary on pear. Repeated sprays are
needed after rain, when the average air temperature is above 10 °C. The
weather forecasts and pathogen development on junipers should be
monitored in order to predict basidia spore release more accurately.








