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IEVADS

Lielogu dz&rvenes (Vaccinium macrocarpon Aiton) ir miazzali eriku (Eri-
caceae) dzimtas krami, c€lusies no ziemelaustrumu Amerikas purviem. Ogas ir
vertigas, tapec pieprasitas ar1 Eiropa, bet galvenokart tiek audzetas Ziemelamerika.
Eiropa razojosi stadijumi ir izveidoti tikai Latvija un Baltkrievija. Latvija lielogu
dz@rvenu razoSana ir perspektiva nozare, jo vides apstakli ir atbilstosi audzgSanai,
un ogas piemérotas eksportam. Veiksmigai razoSanas attistibai ir nepiecieSami
petijumi par dazadam t€mam — razas palielinasana un kvalitates paaugstinasana,
taja skaita arT par dz&rvenu slimibam. Latvija lielogu dz&rvenu stadijumu kopgja
platiba jau parsniedz 100 ha, slimibu izplatibas un to ierosinataju petfjumi uzsakti
2006. gada.

Lielogu dzérvenu stadijumos Ziemelamerika slimibu izraisitie zudumi, ja
netiek izmantoti fungicidi, ir ekonomiski nozimigi. Ogu puves izplatiba uz lauka var
sasniegt pat 100%. Literatliras dati liecina, ka ogu puvi var izraisit 32 sénes, no
kuram dala ierosina arT dzinumu, ziedu un auglaizmetnu atmirSanu. Par sénu pato-
genitati ir atSkirigi viedokli, jo dazados p&tijumos atseviskas sugas ir atzitas par
endofitiem vai saprotrofiem. Taja pasa laika tiek uzsverts, ka dzérvenu — sénu at-
tiecibas mainas. Piem&ram, agrak Diaporthe vaccinii raditie bojajumi nebija batiski,
bet nu jau vairakus gadus D. vaccinii Ziemelamerika atzita par vienu no posti-
gakajiem patogéniem ne tikai lielogu dz€rveném, bet arT citam Vaccinium gints
sugam.

Latvija bija nepiecieSams precizi identificét ogu puves ierosinatajus un petit
to biologiju, lai turpmakajos gados biitu iesp&jama racionala slimibu ierobeZosana.

Literatiira noverojama nekonsekventa slimibu ierosinataju nosaukumu
lietosana, nav vienpratibas, kurs ir domingjosais. Saja darba, ja nav zinams galigais
nosaukums, izmantoti Index Fungorum? un MycoBank? datubazgs esosie.

Darba hipotéze: Latvija lielogu dz€rveném nozimigus razas zudumus
izraisa Fusicoccum putrefaciens un Diaporthe vaccinii, izraisot ogu puvi razas laika
un glabatavas.

Darba merkis: pétit lielogu dzérvenu ogu puves izplatibu Latvija un
aprakstit to ierosinatajus.

Darba uzdevumi:

1. noteikt ogu puves izplatibu stadijuma un uzglabasanas laika;

2. identificét un raksturot ogu puves ierosinatajus;

3. raksturot Diaporthe vaccinii morfologiskas ipatnibas tirkulttra;

4. aprakstit dz€rvenu infic€$anas ipatnibas ar D. vaccinii

L http://www.indexfungorum.org
2 http://www.mycobank.org



Pé&tijuma novitate:

e pirmo reizi identificeti un raksturoti devini lielogu dzérvenu slimibu
ierosinataji Latvija: Fusicoccum putrefaciens, Coleophoma empetri, Diaporthe
vaccinii, Physalospora vaccinii, Phyllosticta elongata, Allantophomopsis lyco-
podina, Botrytis cinerea, Discosia artocreas un Pestalotia vaccinii;

e karantinas organismam Diaporthe vaccinii aprakstitas morfologiskas
patnibas tirkultiira (PDA), izpétitas ogu un dzinumu infic€Sanas Ipatnibas.

Aizstavamas tézes:

e Latvija lielogu dz&rven&m strauja puves attistiba sakas divus ménesus
p&c novaksanas;

e liclogu dzérvenu ogu puvi izraisa vairaki patogeni, iesp&ama ari
kompleksa infic€Sanas;

e Diaporthe vaccinii morfologiskas pazimes tirkultara ir daudzveidigas.



PETIJUMU APSTAKLI UN METODIKA

Pétijuma vieta. P&tfjuma laika (2007., 2009.-2012.) apsekoti sesi lielakie
un vecakie lielogu dz&rvenu stadijumi Latvija, kuri ierikoti dal&ji izstradatos vai
izstradatos kaidras purvos: Rucavas novads, SIA Purva dz&rvenite; Alsungas novads,
z/s Stigas; Apes novads, SIA Lienama-Altksne; Talsu novads, z/s Piesaule;
Pargaujas novads un A. Priedi$a lielogu dz@rvenu stadijums. Lielaka dala stadijumi
izveidoti 1990.-1998. gadam, jaunakais ir ierikots 2002. gada Babites novada,
z/s Strélnieki maksligi izveidota purva.

Izmantota lielogu dz&rvenu $kirne ‘Stevens’ (‘Mc Farlin’ x‘Potters’).

Paraugu ievakSana. Lielogu dz@€rvenes no stadijumiem ievaktas razas
laika, atkariba no ogu gatavibas pakapes (2007. gada 13. oktobrT (+4 dienas); 2009.
gada 23. oktobrT; (+4 dienas); 2010. gada 7. oktobrT (+3 dienas); 2011. gada 4. ok-
tobri (£2 dienas); 2012. gada 5. oktobri (5 dienas)). Ogas ievaktas no 0,25 m?
uzskaites ramisa randomizgti izveletas vietas. Puves bojatas ogas uzskaititas atse-
viski, aprakstitas puves pazimes un laboratorija noteikti puves ierosinataji. Puves
izplatiba uz lauka noteikta 2011. un 2012. gada.

Paraugu apstrade laboratorija. levaktas ogas laboratorija nozavétas un
100 vizuali nebojatas, vidgji lielas ogas divos atkartojumos (kopa 200 ogas), no
katras saimniecibas parauga, ieliktas noslédzamos 15 cm x 22 cm polietiléna
(PE-LD04) maisinos un novietotas vésa kamera (5-7 °C, relativais mitrums
83% +2). Katra nakama kalendara ménesa beigas ogas parlasitas. Puves bojatas ogas
uzskaititas un atSkirtas no nebojatam, turpmakai ierosinataju noteikSanai. Pargjas,
vizuali nebojatas ogas, novietotas atpaka] kamera turpmakai novérosanai. Ogu puves
izplatiba noteikta Iidz februara beigam. 2012. gada uzskaites veiktas ik pec piecam
dienam lidz 30.11.2012.

Precizai identifikacijai, visas bojatas ogas uzs€tas uz maksligas barotnes
(kopa aptuveni 5000 ogas). Izmantota galvenokart kartupelu dekstrozes agara
barotne (PDA). Puves bojatas ogas dezinfictas 95% etanola $kiduma 1-2 mindtes,
noskalotas destiléta fidenT un nosusinatas sterila filtrpapira. Ar sterilu skalpeli un
pinceti nelieli gabalini no puves bojatam ogam novietoti uz sterilas PDA barotnes
Petri traukos. Sénes izdalitas turkultiira un izolati glabati 2022 °C silta kamera trTs
lidz Cetras nedélas. lzolatiem aprakstitas morfologiskas pazimes: vértéta sénu kolo-
nijuun micélija uzbiive, attistiba, krasas Tpatnibas, aprakstitas sporas pazimes, merits
garums un platums. Sénu kolonijas fiksétas fotografijas. lerosinataji noteikti p&c to
morfologiskam pazimém, salidzinot iegiitos rezultatus ar zinatniskaja literatiira
publicéto.

Mikroskopésana veikta ar Olympus BX51 mikroskopu. Fotografijas uz-
nemtas ar Sony DSC-H7 digitalo fotoaparatu. Darba visas publicgtas fotografijas ir
originalas.

Diaporthe vaccinii morfologiskais raksturojums. Precizai identifikacijai
izveleti 44 D. vaccinii izolati no pieciem lielogu dzérvenu audzéSanas regioniem
Latvija, kur p&tijuma laika patogens tika konstatéts: 22 izolati no Babites novada, 12
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no Rucavas novada, 7 no Alsungas novada, 2 no Apes novada un 1 no Pargaujas
novada lielogu dz&rvenu stadijumiem. Paraugi iegiiti no viskozas ogu puves bojatam
ogam razas laika un glabatava 2010. gada. Izolati turéti 23 °C silta kamera, tumsa.
Raksturotas patog€na ipatnibas uz kartupelu dekstrozes agara (PDA) divos
atkartojumos.

Lai rastu sakaribas, D. vaccinii izolati sagrupéti péc lidzigam pazimém:
koloniju un micé&lija krasa un struktira, piknidu paradisanas laiks, izvietojums, to
daudzums, izmérs. Kopuma 26 izolatiem noteikti konidiju izméri: garums un pla-
tums (um; n = 100).

No 44 Diaporthe vaccinii izolatiem 15 izolati atlasTti gen&tiskam analizém,
kuru taksonomiskas piederibas precizéSanai izmantota ITS1-5.8S-ITS2 regiona
analize. DNS izdalita ar NucleoSpin Plant II komercialo kitu, atbilsto$i razotaja
instrukcijam. Polimerazes k&des reakcijai izmantoti universalie praimeri asku séném
ITSIF un ITS4. Sekvencésana veikta Macrogen Europe, Niderlande. Iegitas
sekvences salidzinatas pret Diaporthe sénu gints references sekvencém NCBI
GenBank datubazg, ka art veikta to filogenétiska analize ar MEGA 5,2. Sekvences
pieejamas NCBI GenBank datubaze (KP869876—KP869890).

Pétitas D. vaccinii inficéSanas ipatnibas Latvijas apstaklos, inficgjot 50
lielogu dz&rvenes (10 x 5 atkartojumi) ar sporu suspensiju (1 ml = 3,7 x 10° sporu),
oga injicgjot un uzpilinot 0,02 ml sporu suspensijas. Kontroles variantiem ari
izmantotas 50 ogas, kuram tika injicEts un uzpilinats destiléts Gidens. Inficéti 15
dzinumi, gan uzpilinot D. vaccinii sporu suspensiju (1 ml = 3,5 x 10°) lapu Zakle,
gan injicgjot to dzinuma un nedélu veca micglija gabalini piestiprinati ar parafilmu
pie dzinuma gan bez, gan ar ievainojumu. Kontroles variantam atseviski novietoti
gan lielogu dzeérvenu, gan savvalas dz&rvenu dzinumi, kuriem ari pilinats un injicets
destilets idens.

Datu matematiska apstrade. legitie raditaji apstradati, izmantojot
neparametrisko kopu aprékinu modulus, kur aprekinats pazimes Tpatsvars
(W — izplatiba) un standartklaida, salidzinata starpiba starp divu pazimju relativajiem
biezumiem ir vai nav biitiska (Gosa, 2003). Dati apstradati MS Excel vidg€, izman-
tojot ANOVA dispersijas analizi, parbaudot bitiskuma Iimeni (p < 0,05) (Arhipova
un Balina, 2003). Datu apstrade veikta arT datorprogrammas SPSS 17.0 vide.
D. vaccinii morfologisko pazimju biezums noteikts ar datu apstrades metodi De-
scriptives statistics — Frequencies. Sakaribas starp morfologisko pazimju verte-
jumiem ball€s noteiktas, izmantojot Pirsona korelaciju (p < 0,05; p < 0,001). Puves
attistibas atrums uzglabasanas laika aprékinats péc formulas (1) (Krantz, 2003):

_InGr) —In@) (1)

T
! t — 11

kur:

ri— atrums t2 — t1 — dienu skaits starp uzskaiteém
X1 — puves bojato ogu skaits pirmaja uzskaite  In — logaritms

X2 — puves bojato ogu skaits nakamaja uzskaite



Meteorologisko apstaklu raksturojums. Meteorologiskie apstakli ana-
liz&ti, izejot no pieejamas informacijas Latvijas Vides, geologijas un meteorologijas
centra majaslapa (http://www.meteo.lv). Salidzinot gadu novirzes nokrisnu raks-
turojumu no normas kop$ 2000. gada, var secinat, ka no 2007. gada Latvija
ieverojami ir palielinajies nokriSnu daudzums virs normas, 1pasi 2010. gada, savu-
kart tuvak normai ir bijis 2011. gads. Savukart pedgjos p&tijuma gados (2010.-2012.)
Latvija visvairak nokri$nu ar augstakam gaisa temperatiiram sezonas laika noverotas
julija un augusta, kad liclogu dzérveném ir ziedéSanas beigas un ogu brieSanas
periods. Tpasi augusta ogu miza ir visplanaka, 1idz ar to ienémigaka pret slimibam.
Spécigas lietus lases vai krusas graudi var izraisit plaisas ogu miza, caur kuru vieglak
ieklTst patogeni, izraisot atrak saslimSanu — ogu puvi. L1dz ar to palielinas risks
pieaugt puves izplatibai razas laika un arT glabatavas pirmajos ménesos.


http://www.meteo.lv/

REZULTATI

Lielogu dzérvenu ogu puves izplatiba razas laika

Ogu puve ir nozimigs faktors, kas samazina liclogu dzérvenu razas kvan-
titati un kvalitati. Latvija ogu puves izplatiba lielogu dz&rvenu stadijumos razas laika
bija neliela — 2011. gada vidgji 1,9%, ari 2012. gada ta sasniedza tikai 2,4%
(p = 0,688). Salidzinot puves izplatibu Latvija un Ziemelamerika, miisu valsti raZas
laika ta ir maznozimiga. 2011. gada dazados audze$anas regionos Latvija puves
izplatiba bija lidziga, tikai 1,0-2,6% (p = 0,212), savukart 2012. gada puvuso ogu
butiski vairak (p = 0,034) bija Alsungas neka Apes, Talsu un Pargaujas lielogu dzer-
venu stadijumos. Razas laika tika nov@rotas ne tikai mikstas, tidenainas, dzelten-
briinas, tums§i briinas, melnas un atkrasojusas ogas, bet ar atmirusi auglaizmetni, kas
rada lielakus zaud&jumus neka puvusas ogas.

Lielogu dzérvenu ogu puves izplatiba ogu uzglabasanas laika
2007.-2012. gada

Latvija butiska ogu puves izplatiba (2007.—2011.) notikusi tiesi péc razas
novak$anas, pirmo divu ménesu laika uzglabasanas laika (1. att.). Lidz novembra
beigam vidgji 11-35% ogu jau bija puves bojatas, savukart Iidz decembra beigam to
skaits dubultojas, sasniedzot pat 66%. P&c tam puvuso ogu skaita picaugums nebija
tik straujs, tomér kop€jie razas zudumi var sasniegt pat 50-88% atkariba no gada.

100 - 82 68
s 80 73
= o
25 o
= £ 20 -
0 ‘
30.10. 30. 11. 28.12. 29.01. 29. 02.
Uzskaites datums / Assessment date
——2007. —=—2009. a—2010. 2011. —2012.

1. att. Ogu puves izplatiba uzglabasanas laika (2007.-2012.)
Fig.1. Incidence of fruit rot in storage (2007-2012)

Puvuso ogu daudzums 2007. gada uzglabasanas perioda bija vismazakais.
Visaugstaka puves izplatiba novérota 2010. gada (p < 0,001). Iesp&jams, slimibu
izplatibu veicindja nokriSniem bagata vasara, bet 1pasi lietus lases un krusas graudi
augusta (ogu veidoSanas laika) kas var€ja bojat ogu mizu, tadgjadi veicinot patogénu
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iekliSanu ogas. Pétjjuma laika novérota tendence puves izplatibai uzgulabasanas
laika katru gadu pieaugt.

P&tfjumi 2012. gada rudeni v@lreiz apstiprinaja, ka bitiski (p < 0,001) ogu
puves izplatiba glabatava pieauga no 30. oktobra (2. att.), kas ir tie$i ménesi pec ogu
ievaksanas (1.-9. oktobris), sasniedzot videji 4,8%. Visstraujak ogu puves izplatiba
pieauga otraja ménesi — novembra beigas ta picauga vairak neka piecas
reizes (27,3%).

P&tijuma laika pieradits, ka Latvija lielogu dz&rvenes péc razas novaksanas
glabatava (5-7 °C) var uzglabat lidz novembra beigam, vai vélakais 1idz decembra
beigam. Ja ogas paredzEtas parstradei, tad labak p&c iespgjas atrak tas sasaldét, lai
nerastos butiski razas zudumi.

30 - 27,3
=& 25
g8 20
—_ =
3 15
§8 10 -
= y = 2,9985x - 5,4667
5 R2=0,9617
O n T T T T T T 1
15.10. 30.10. 15.11. 30.11.

Uzskaites datums / Assessment date

2. att. Ogu puves izplatiba uzglabasanas laika, ménesi péc razas novaksanas 2012. gada
Fig.2. Incidence of fruit rot after harvest, during the month in storage 2012

Lielogu dzérvenu ogu puves izplatiba apsekotajas saimniecibas. Liel-
ogu dz&rvenu stadijumos Ziemelamerika puves izplatiba katru gadu ir atkiriga, bet
vél joprojam nav noskaidroti tas ietekmg&josie faktori (Stiles un Oudemans, 1999;
Olatinvo, 2003; Sandler, 2008). Ari Latvija katru gadu var&ja novérot atSkirigu
puves izplatibas Iimeni (3. att.).

Bitiskas atSkiribas starp regioniem netika novérotas (p > 0,05). Uzglaba-
Sanas perioda sakuma no Talsu novada ogas uzglabajas nedaudz labak neka no
Alsungas un Apes novada, ko, iesp&jams, varétu ietekméet stadijumu vecums, jo Sie
ir vieni no vecakajiem lielogu dz€rvenu stadijjumiem Latvija (kop$ 1995. un
1997. gada).
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3. att. Ogu puves izplatiba glabatava novembra beigas dazados audzeSanas regionos
Latvija (2007.-2012.), %
Fig.3. Incidence of fruit rot at the end of November in different cranberry growing
regions (2007-2012), %

Lielogu dzérvenu ogu puves ierosinataji un to izplatiba Latvija

Lielogu dzérvenu stadijumos razas un uzglabasanas laika puves pazimes uz
ogam bija atSkirigas. Bojatas ogas bija dazadas krasas — dzeltenbriinas, tumsi
briinas, melnas, atkrasojusas, no kuram lielaka dala bija Gdenainas, bet dazas —
mikstas. Kops 2006. gada, kad Latvija uzsakti pirmie p&tijumi par lielogu dzérvenu
slimibam ir atrasti devini slimibu ierosinataji: Fusicoccum putrefaciens, Coleo-
phoma empetri, Diaporthe vaccinii, Physalospora vaccinii, Phyllosticta elongata,
Allantophomopsis lycopodina, Botrytis cinerea, Discosia artocreas, Pestalotia
vaccinii, kuri ierosina ne tikai ogu puvi, bet dala no tiem ierosina ari dzinumu, ziedu
un auglaizmetnu atmir$anu.

Lielai dalai ogu puves vizualas pazimes bija lidzigas, bet ierosinataji
at8kirigi. Turklat biezi bija sastopama ari kompleksa infekcija — no vienas ogas
izdaliti vairaki patogeni. 2011. gada no puves bojatam ogam uz lauka vid&ji no
vienas ogas izdalitas 1,4 s€nes, savukart 2012. gada nedaudz mazak — 1,1. Uzgla-
basanas laika kompleksa infekcija bija retak sastopama.

Ogu puves ierosinataju izplatiba razas laika, 2011.-2012. gada

Razas laika 2011. un 2012. gada ogu puvi izraisija Cetri patogéni (4. att.):
Fusicoccum putrefaciens, Coleophoma empetri, Diaporthe vaccinii un Botrytis
cinerea (p = 0,533), domingja F. putrefaciens un C. empetri. 2011. gada Allanto-
phomopsis lycopodina bija sastopams vairakos stadijumos (Rucavas, Alsungas un
Babites novada), savukart 2012. gada séne atrasta tikai Babites novada stadijuma.
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Atseviskos stadijumos no puves bojatam ogam izoléta ari Pestalotia vaccinii,
Discosia artocreas un Physalospora vaccinii.

60

42

33
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o

20
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Incidence, %

02011 m2012.

4. att. Ierosinataju spektrs no puves bojatam ogam razas laika, 2011.-2012. gada, %
Fig. 4. Incidence of causal agents at harvest 2011-2012, %

Ogu puves ierosinataju izplatiba uzglabasanas laika,
2007.-2012. gada

Lidzigi ka razas laika, arT uzglabaSanas perioda sakuma Fusicoccum
putrefaciens un Coleophoma empetri izplatiba novérojama batiski lielaka neka
citam séném (p = 0,0003; 5. att.), salidzinot ar pargjiem ierosinatajiem (Diaporthe
vaccinii, Physalospora vaccinii, Allantophomopsis lycopodina, Phyllosticta elon-
gata). Physalospora vaccinii un Phyllosticta elongata izplatiba uzglabasanas laika
pieauga, bet samazinajas B. cinera izplatiba.

Novérota tendence, ka katru gadu Fusicoccum putrefaciens izplatiba uzgla-
basanas laika palielinas, savukart Physalospora vaccinii, P. elongata un D. vaccinii
— samazinas. No puves bojatam ogam uUzglabasanas perioda beigas, dazados
stadijumos Latvija ievaktam ogam, galvenokart izdalitas F. putrefaciens un C. em-
petri (p < 0,001).

ASV un Kanada F. putrefaciens un C. empetri biezak sastopami lielogu
dzeérvenu audz&S$anas regionos ar mérenu klimatu (Gourley, 1979; Olatinwo
et al., 2004; McManus et al., 2003), kas ir pielidzinams Latvijas klimatam.
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5. att. Ogu puves ierosinataju izplatiba novembra beigas, 2007.-2012. gada
Fig. 5. Incidence of causal agents at the end of November 2007-2012

Fusicoccum putrefaciens biologija Latvija

Latvija Fusicoccum putrefaciens liclogu dzérveném ierosina ne tikai ogu
galotnes puvi, bet arT dzinumu, ziedu un auglaizmetnu atmirSanu. Uz ogam puves
plankumi ir atkrasojusies, idenaini, mikstas ar sairusu konsistenci, uzptitusas.

Puve sastopama gan razas laika, gan glabatava. Latvija ir loti plasi izp&la-
tita visos lielogu dzervenu stadfjumos. Razas laika F. putrefaciens vidg&ji
konstatéts 33—42% puves bojatajas ogas un 37-54% atmirusajos auglaizmetnos.
F. putrefaciens piknidas razas laika konstatétas uz atmirusajiem auglaizmetniem
galvenokart Apes, Alsungas un Talsu novada stadijumos, kur ari bija novérota
lielaka ogu galotnes puves izplatiba.

Uzglabasanas laika, 2010.-2012. gada, kad ogas ievaktas jau oktobra
sakuma, F. putrefaciens izplatiba oktobra beigas sasniedza vidgji tikai 0,8-2,7%.
Katra nakama kalendara meéneSa beigds var€ja noverot bitisku piecaugumu
(p = 0,018) un novembra beigas ta jau sasniedza 6—21% (6. att.). Decembra beigas
izplatiba strauji pieauga, sasniedzot jau 12—6% un Iidz februara beigam 21-64%.
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Fusicoccum putrefaciens izplatiba uzglabasanas laika (2007.-2012.)

Fig. 6. Incidence of Fusicoccum putrefaciens in storage (2007-2012)

F. putrefaciens izplatiba uzglabasanas laika gadu gaita ir krasi mainijusies
dazados audzeésanas regionos (7. att.). Kopuma viszemaka F. putrefaciens izplatiba
uzglabasanas laika (novembra beigas) noverota Babites novada stadijuma — vidg&ji
tikai 7%, savukart vislielaka — Alsungas novada lielogu dzérvenu stadijuma, bet
butiskas atskiribas starp regioniem netika novérotas (p = 0,234).

Pagaidam Latvija v€l nav konstatéta asku stadija Godronia cassandrae
Peck f. vaccinii Groves. Ta nav plasi izplatita arT lielogu dz&rvenu stadijumos Zie-

melamerika,

lidz ar to slimibas izplatibai lielaka nozime ir anamorfai stadijai, tapec

ari vairak lieto anomorfas nosaukumu F. putrefaciens.
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7. att. Fusicoccum putrefaciens izplatiba novembra beigas uzglabaSanas laika dazados

audzesanas regionos Latvija (2007.-2012.)

Fig. 7. Incidence of Fusicoccum putrefaciens at the end of November in storage in

different growing regions (2007-2012)

Séne tirkultira uz PDA barotnes bija atri augosa, veidoja loti blivu micg-
liju (8. att.). Micglija krasa bija gaisi peleka, gaisi zalgani peléka, peleki dzeltena,
olivzala, dzeltenzala; virs micélija var veidot nelielus sartus kristalus. Piknidas
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veidojas galvenokart centra zem micélija, virspus€ izlauzas tikai oranzi briina,
oranzi sarta, krémveida sporu masa. Atseviski konidijas bija bezkrasainas vidgji
2,0 x 8,8 um (1,5-3 x 6-11 um) lielas, ieliektas, eliptiskas, tievas, ar vai bez
Skerssienas (9. att.).

8. att. Fusicoccum putrefaciens uz PDA barotnes (no virspuses un apakspuses).
Fig. 8. Fusicoccum putrefaciens on PDA (upper and reverse side).

9. att. Fusicoccum putrefaciens konidijas uz PDA (400 x)
Fig. 9. Conidia of Fusicoccum putrefaciens on PDA (400 x)

Coleophoma empetri biologija Latvija

Coleophoma empetri Latvija no lielogu dz&rveném izdalits ne tikai no
puves bojatam ogam razas un uzglabaSanas laika, bet arT no atmirusiem
vertikaliem dzinumiem, ziediem un auglaizmetniem. Puve sastopama gan uz
lauka, gan uzglabasanas laika. Patogéns izraisa lidzigus simptomus uz ogam ka
F. putrefaciens.

Razas laika no puves bojatam ogam 2011. gada vid&ji 20% ogu bija infi-
cétas ar C. empetri un 2012. gada lidz 30%. S&ne bija sastopama visos apsekotajos
lielogu dzérvenu stadijumos Latvija. Vislielaka C. empetri izplatiba novérota
Babites novada z/s Strélnieki stadijuma 56% (2011.) un 78% (2012.).

Ogu uzglabasanas laika C. empetri izplatiba 2007., 2009. un 2011. gada
vidgji no novembra Iidz februara beigam sasniedza tikai 3—7% (10. att.). Batiski
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at8kiras 2010. gads (p < 0,001), kad puves izplatiba pieauga piecas reizes, novembra
beigas sasniedzot jau 21%, $aja gada bija ievérojami vairak nokriSnu ka citos gados.
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10. att. Coleophoma empetri izplatiba uzglabasanas laika (2007.-2012.)
Fig. 10. Incidence of Coleophoma empetri in storage (2007-2012)

Lai ari C. empetri izplatiba pa gadiem bija atSkiriga, starp audzé$anas re-
gioniem atSkiribas netika novérotas (p = 0,707). Tomér nedaudz lielaka izplatiba

bija Alsungas un Babites novada lielogu dz&rvenu stadijumos, mazaka — Talsu
novada stadfjuma (11. att.).
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11. att. Coleophoma empetri izplatiba novembra beigas glabatava dazados audzeSanas
regionos Latvija (2007.-2012.)

Fig. 11. Incidence of Coleophoma empetri at the end of November in storage in different
growing regions (2007-2012)

Iespgjams, ka sénes reala izplatiba ir lielaka, jo atseviskos literatiiras
avotos noradits, ka §T s€ne var bit endofitiska un saslim$anu izraisa tikai atseviskos
gadijumos (Tadych et al., 2012). Coleophoma empetri teleomorfa stadija pasaulé
nav noverota.

Tirkultira uz PDA barotnes séne veidoja zemu, biezu micéliju, sakuma
tas bija gaisi peleks, velak kluva tumsak peleks 1idz pelekbriins; kolonijas apmales
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linija bija gan taisna, gan neregulara (12. att.). Atkariba no kultiras vecuma,
micelijs mainija nokrasu, jo virs ta veidojas gaisi pelékas Iidz baltas micélija “salas”.
Piknidas veidojas apli netalu no argjas malas vai arT ap puves bojato ogu. Noverots,
ka piknidas atrak veidojas, ja uz barotnes uzseta infic€ta auga dala, bet, parsgjot
tirkultdra, piknidas attistijas ilgaka laika perioda. Konidijas bija bezkrasainas,
cilindriskas un taisnas, 3,0 x 14,8 um (2,6-3,4 x 12,2-17,08 um) lielas (13. att.).

12. att. Coleophoma empetri uz PDA barotnes (no virspuses un apak$puses)
Fig. 12. Coleophoma empetri on PDA (upper and reverse side)

13. att. Coleophoma empetri konidijas uz PDA (400 x)
Fig. 13. Conidia of Coleophoma empetri on PDA (400 x)

Phyllosticta elongata biologija Latvija

Razas laika atseviskos stadijumos Latvija, galvenokart Babites un Rucavas
novada, uz stingram ogam noveroti tumsi sarkani Iidz melni, nelieli plankumi,
diametra 1-2 mm, ko izraisTja Phyllosticta elongata. Pirmajos pétijumu gados
uzglabasanas laika konstateta ari P. elongata ierosinata ogu puve. Uz stingram ogam
bija nelieli tdenaini, nedaudz atkrasojusies puves plankumi, kuri ar laiku
paplasinajas un sapliida kopa, parnemot visu ogu. Rezultata ogas kluva mikstas un
tdenainas, lidzigi ka inficétas ogas ar F. putrefaciens un C. empetri.

Uzglabasanas laika puves izplatibai katru gadu novérota bitiska samazi-
najas (p = 0,002), 2007. gada novembra beigas vidgji ta sasniedza 2%, bet februara
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beigas 9%. Neliels skaits P. elongata bojatu ogu novérojams ari 2009. gada uzgla-
basanas laika, galvenokart tikai no decembra (1,6%), bet lidz marta beigam puvuso
ogu daudzums palielindjas tikai par daziem procentiem (3,1%). Tacu p&c tam sénes
ierosinata ogu puve glabasanas laika netika novérota. 2011. gada februari viena oga
konstateta Rucavas novada, bet 2012. gada novembri Pargaujas novada. Kopuma
starp regioniem bitiskas atSkiribas netika novérotas (p = 0,885).

ASV noveérots, ka P. elongata ir zema virulence, tapéc to uzskata vairak par
endofitisku séni (Tadych et al., 2012). Latvija nepiecieSami p&tijumi, lai noskaidrotu
sénes patogenitates pakapi. Pagaidam Latvija asku stadija Botryosphaeria vaccinii
(Sher) Barr nav konstatéta.

Tirkultiira uz PDA barotnes sénes kolonijas sakuma bija atri augosas.
Micelijs bija miltains, zilganpel€ks un veidoja tumsakus un gaisakus krasu rinkus.
Barotne ickrasojas tumsi pelékzala krasa (14. att.). Piknidas virs micélija paradijas
jau p&c dazam dienam no uzs€Sanas briza. Tas bija apalas, tumsi briinas 1idz melnas
(virs micelija pelekas), no kuram izpliida gaisi peléciga sporu masa.

14. att. Phyllosticta elongata uz PDA barotnes (no virspuses un apakspuses)
Fig. 14. Phyllosticta elongata on PDA (upper and reverse side)

Konidijas bija bezkrasainas, vien$iinas, dazadas formas (apaligas, bum-
bierveida, iegarenas), to sastavs nedaudz graudains, vidgji 13,5 x 5,6 pm
(10,1-16,4 x 3,9-7,3 um) lielas (15. att.). Konidijas viena gala bija novérojams
dazada garuma piedgklis.

15. att. Phyllosticta elongata konidijas uz PDA (400 x)
Fig. 15. Conidia of Phyllosticta elongata on PDA (400 x)
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Physalospora vaccinii biologija Latvija

Physalospora vaccinii ierosina ogu gai$o puvi un Latvija ta novérota tikai
uzglabasanas laika. Uz ogam, galvenokart pie kausina bija gaiSi sarts, nedaudz
iegrimis, sauss puves plankums, kur$ ar laiku sazuva.

Atmirusajas lielogu dzervenu lapas 2012. gada rudeni konstatéti P. vaccinii
peritéciji, kas liecina, ka razas laika nobriedusas asku sporas var inficét ogas. Tatad
séne attistijas vegetacijas laika, bet puves bojajumus lidz $im izraisija tikai
uzglabasanas laika, lai gan ASV atseviskos stadijumos ir plasi izplatits razas laika
(McManus et al., 2003; Olatinwo et al., 2003).

Uzglabasanas laika ogu gaisa puve galvenokart konstatéta 2007. gada, kad
ta attistijas jau novembrT un lidz februara beigam sasniedza 7%, kas bija batiski
(p = 0,045) vairak ka citos gados. 2009. gada puves izplatiba samazinajas vairak
neka tris reizes, janvari un februari sasniedzot tikai 2%, tap&c ogas tika turétas vél
menesi un izradijas, ka puves izplatiba tomer piecauga vél par 1%. ArT nakamajos
gados (2010.—2012.) sénes izplatiba turpinaja samazinaties.

Salidzinot puves izplatibu dazados audzeSanas regionos, var secinat, ka
lielaka s€nes izplatiba novérojama Talsu un Pargaujas novada, bet 2009. gada ar1
Babites novada, tomér bitiskas atSkiribas starp audzéSanas regioniem netika
novérotas (p = 0,585).

P. vaccinii raksturigi divi celmi. Ziemelamerika biezak izplatits ir tumsais
celms un gaiSais attistas tikai retos gadijumos, bet Latvija plasak izplatits ir gaiSais
celms.

Tirkultiira uz PDA barotnes gai$ajam celmam micélijs bija plans, zarains,
dzeltenigi balts, barotne krasojas viegli dzelteniga (16. att.). Tumsais celms tirkul-
tira tapat veidoja zemu, planu un zarainu micéliju, tacu ta krasa bija stinu zalgan-
peléka, pigments Petri trauka apaksa ari bija stinu zalgan — peléka krasa (17. att.).

16. att. Physalospora vaccinii gaiSais celms uz PDA barotnes (no virspuses un
apakspuses)
Fig. 16. White strain of Physalospora vaccinii on PDA (upper and reverse side)
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17. att. Physalospora vaccinii tumsais celms uz PDA barotnes (no virspuses un
apakS$puses)
Fig. 17. Dark strain of Physalospora vaccinii on PDA (upper and reverse side)

Gan gaiSajam, gan tumsSajam celmam péc ned€las, sénotné veidojas
pelekbriini, apali peritéciji, kuros tikai péc piecam nedélam attistijas aski un para-
fizes (18. att.). Ziemelamerika noverots, ka gaiSajam celmam tarkultara sporulacija
notiek retak (Cranberry diseases, 1995). Latvija s€nes gaiSajam celmam vidgji aski
bija199,2 x 42,1 um (133-251 x 19,6—64,1 pum) lieli, caurspidigi, varpstveida. Katra
aska astonas askusporas, vidgji 43,5 x 17,4 um (33,8-53,8 x 12,3-24.9 um) lielas,
nenobriedusas asku sporas caurspidigas, bet gatavas sporas viegli dzeltenbriinas,
necaurspidigas, iesp&jams ar biezu, matetu apvalku. Tums$ajam celmam asku sporas
bija nedaudz mazakas, plati ovalas ar noapalotiem galiem, tumsak briinas.

18. att. Physalospora vaccinii tumsa celma aski, parafizes un asku sporas uz
PDA (400 x)
Fig. 18. Asci, paraphyses and ascospores of Physalospora vaccinii dark strain
on PDA (400 x)

Allantophomopsis lycopodina biologija Latvija
Allantophomopsis lycopodina ierosina ogu melno puvi. Puves bojatas ogas

klist tumsi briinas I1dz melnas, stingras, sausas, ar laiku izztist un sakalst. Ogu
melnas puves izplatiba razas laika un uzglabasanas laika bija zema.
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Visaugstaka ogu melnas puves izplatiba novérota 2007. gada februara
beigas, sasniedzot 1,2%. Turpmakajos gados puves izplatiba samazinajas lidz pat
0,2-0,3% februara beigas (p < 0,001). Uzglabasanas laika ogu melna puve galveno-
kart bija izplatita Babites novada, biitiski augstaka izplatiba noveérota 2007. gada,
februara beigas sasniedzot 5,5%. Apes novada augsta puves izplatiba noverota
2009. gada (2,5%), bet pétijuma laika (2007.—2012.) Rucavas novada ogu melna
puve netika atrasta, lai gan 2011. gada razas laika ta tika konstatéta. P&tijuma laika
butiskas atskiribas starp audzé$anas regioniem netika nov&rotas (p = 0,332).

Tirkultira uz PDA barotnes A. lycopodina kolonijas ir atri augosas.
Micélijs plans, zarains, rets, tumsi siinzali peleka krasa. Barotne no apaksas iekra-
sojas tumsi zalganpeléka 11dz melna krasa (19. att.). P&c 15 dienam istabas tempera-
tora virs mic€lija bija attist;jusas nelielas, melnas piknidas. Nobriedusu piknidu
virsotn&s veidojas melna, glotaina sporu masa. Konidijas atseviski bija bezkrasainas,
vid&ji 7,6 x 2,7 um (6,6-8,6 x2,2-3,8 um) lielas, eliptiskas, galos nedaudz ieliektas,
ar diviem pilieniniem katra gala (20. att.).

19. att. Allantophomopsis lycopodina uz PDA barotnes (no virspuses un apakSpuses)
Fig. 19. Allantophomopsis lycopodina on PDA (upper and reverse side)

20. att. Allantophomopsis lycopodina konidijas uz PDA (400 x)
Fig. 20. Conidia of Allantophomopsis lycopodina on PDA (400 x)
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Uz lielogu dzérveném retak sastopamo sénu biologija Latvija

Botrytis cinerea tika konstatéts uz lielogu dz&érvenu atmirusiem dzinu-
miem, ziediem, auglaizmetniem un puves bojatam ogam. Puves bojatas ogas bija
dzeltenigas vai dzelteni briinas, mikstas. Ogu dzeltena puve bija sastopama raZas
laika galvenokart visos apsekotajos lielogu dzervenu stadijumos Latvija, bet izpla-
tiba bija zema. 2011. gada razas laika no 18% puves bojatam ogam tika izdalits
B. cinerea, bet 2012. gada raditie bojajumi sasniedza tikai 7%. Loti reti puve
noverota arT uzglabasanas perioda sakuma.

Tarkultura uz PDA barotnes B. cinerea bija atri augo$a. Sakuma sénes
kolonijas bija baltas, velak tas kluva tumsakas. Micg€lijs — rets, gaisi pelekbrins.
P&c 10 dienam tirkultaira attistijas sklerociji. Tiem nobriestot, veidojas konidijnesgji,
kuru galos attistijas ovalas formas zalgani pelekas konidijas. Sporulacija novérota
arT mitraja kamera uz atmirusajam auga dalam.

Pestalotia vaccinii ierosinata ogu puve novérota galvenokart razas laika,
loti reti uzglabasanas perioda sakuma; izplatiba zema. Uz ogam puves plankumi bija
nedaudz iegrimusi, kuru centra ar laiku veidojas tumsi koncentriski rinki.
Uzglabasanas laika puves bojatas ogas bija dzeltenigi briinas. Séne konstatéta arT
atmirusajos dzinumos. Jauno vertikalo dzinumu gali bija nokaltusi, noliekusies,
tumsi bruni.

Tirkultiira uz PDA barotnes s€ne bija atri augoSa. Micélijs bija dzeltenigi
balts, centra kosak dzeltens, augsts, blivs, no apakSas citrondzeltens. Sénotnes dala
veidojas apmali un p&c divam nedélam cauri mic€lijam spirales veida izlauzas
melna, idenaina sporu masa. Konidijas bija iegarenas, vapstveida, taisnas vai ne-
daudz ieliektas, 5,8 x 27,5 pm (4,7-6,8 x 22-32 um) lielas un piecsunu. Tris videjas
$tnas bija tumsas, no kuram apaks$gja tumsaka par divam par€jam. Sporu galu $iinas
bezkrasainas, ar piedékliem. Pie aug$gja Sunas (apikalas) izvietoti 3—4 usveida
piedekli, vidgji 23.9 um (16-33 pum) gari. Savukart pie apaksgjas (bazalas) bija tikai
viens piedeklis, vidgi 13,7 um (9,5-18 pm) gars. Tirkultira attistijas arl
mikrokonidijas, kuras bija bezkrasainas, eliptiskas, nedaudz ieliektas, 2,0 x 6,3 um
(1,3-2,7 x 4,5-7,8 um) lielas. Sporulacija novérota arT mitraja kamera uz atmiru-
$ajam auga dalam.

Discosia artocreas tika izoléta no atmiruSiem dzinumiem un auglaizmet-
niem. Bojatie dzinumi un auglaizmetni bija bronzas briini. Razas laika noverotas
dazas dzeltenigi briinas puves bojatas ogas.

Trrkultiira uz PDA barotnes micélijs bija atri augoss, zems, rets, gaisigs,
gaisi peleks, virs barotnes veidoja planu adveida kartinu, no apaksas — tumsi peleks.
Gan mitraja kamera uz atmiruSiem dzinumiem, gan tirkultira attistjjas tumsi
pelekbrinas un bumbierveida piknidas, no kuram izlauzas dzeltenigi balta, krém-
veida sporu masa. AtsevisSki konidijas bija bezkrasainas vai nedaudz pelécigi zalas
ar tris Skerssienam, iegarenas, Sauras, gali noapaloti, kuru galos arpusé bija nelieli,
iegareni piedékli. Konidijas bija 3,2 x 14,2 pym (2—4 x 12—17 pm) lielas.

Zinatniskajos rakstos ir maz informacijas par Sis sénes izraisitiem boja-
jumiem lielogu dz€rveném, tomer ir pieminéts, ka séne izoléta no puves bojatam

22



lielogu dz&€rvenu ogam, bet nav skaidrs, vai ta ir patogé€na lielogu dz@rveném
(Olatinwo et al., 2003), jo vairakas valstis Eiropa séne aprakstita ka sekundarais
parazits uz kokaugu sugam (Wolczanska et al., 2004; Vanev, 1996).

Diaporthe vaccinii biologija Latvija

Diaporthe vaccinii (anamorfaja stadija Phomopsis vaccinii) Latvija lielogu
dz@rveném pavasari ierosina vertikalo dzinumu atmirSanu, zied€Sanas laika — ziedu
un auglaizmetnu atmirSanu. Rudent razas laika ierosina viskozo ogu puvi, kura
turpina attistities ar1 velak, izraisot razas zudumus uzglabasanas laika. Puves bojatas
ogas bija plankumaini briinas, atkrasojusas un nedaudz lasumainas, mikstas, to
saturs viskozs.

Latvija atrasta tikai sénes anamorfa stadija, arT Ziemelamerika novérots, ka
asku stadija daba veidojas loti reti®. Séne ieklauta EPPO A2/211 saraksta ka
karantinas organisms (Diaporthe vaccinii, 2009), kur§ Eiropa konstatéts vairakas
valstis uz dazadiem &riku dzimtas augiem. Pagaidam ta izplatiba tiek kontroléta, lai
gan Ziemelamerika ir atzits, ka s€nes ierobezoSana ir problematiska.

Pétfjuma laika D. vaccinii izplatiba Latvija bija zema un pagaidam batiski
razas zudumi netika noveroti, tomér séne atrasta piecos no seSiem apsekotajiem
lielogu dz&€rvenu stadijumiem Latvija. D. vaccinii netika konstatéts Talsu novada.

Razas laika 2011. un 2012. gada atmiruSo auglaizmetnu un puvuso ogu
daudzums bija neliels, tomér no ievaktam puves bojatam ogam 6-59% ogu atrasts
D. vaccinii.

Uzglabasanas laika séne konstateta jau no oktobra lidz februara beigam
(21. att.). Lidz februara beigam puvuso ogu daudzums 2007. un 2010. gada sasnie-
dza 3,3-3,5%, nedaudz mazak viskoza ogu puve konstatéta 2011. gada, bet butiski
mazak ta bija 2009. un 2012. gada (p =0,010). Galvenokart viskoza ogu puve
konstatgta Babites un Rucavas novada.

5
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21. att. Diaporthe vaccinii izplatiba uzglabasanas laika (2007.-2012.)
Fig. 21. Incidence of Diaporthe vaccinii in storage (2007-2012)

3 Caruso F. L (2012) Cottonball, diebacks and other diseases likely to be encountered.
[tiessaiste] [skatits 10.01.2013.]. Pieejams: http://www.atlanticcranberry.ca/PDF/Fran
k_L_Caruso_E.pdf
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Diaporthe vaccinii morfologiskas ipatnibas Latvija

P&tfjuma laika noverots, ka Diaporthe vaccinii izolatu morfologiskas ipat-
nibas ir atskirigas, tapec sarezgiti identificjama. Iegatie izolati grupéti péc lidzigam
pazim&m un mekletas korelacijas starp atseviskam pazimém.

Seéne tirkultiira uz PDA barones ir atri augoSa séne. P&c Cetram dienam
istabas temperatiira D. vaccinii kolonijam novérojams vislielakais pieaugums, sa-
sniedzot diametra vidgji 3 cm (1,8-4,2 cm). Astotaja diena vairakiem izolatiem
augsana bija apstajusies.

Pirmajas dienas D. vaccinii izolatiem micglijs bija balts, péc ménesa vargja
noverot krasu izmainas, kad 84% izolatu micélijs bija pelekbalts, bet pargjiem —
pelekbriins. Jau pirmajas dienas bija noverojama atskiriga micélija struktiira: loti
blivs un paaugstinats, kolonijas mala Iidzena; loti rets, zems, pliksnains, saskatams
zarojums. Dalai izolatu koloniju mala bija lidzena, bet daZiem ta bija robota. Vélak
apmales linija izlidzinajas arT pargjiem izolatiem.

Viena no patogéna raksturigakam pazimém ir mic€lija Ipatngja faktira.
Visbiezak bija novérojams viens, retak vairaki loti blivi, nedaudz paaugstinati lidz 5
mm augsti micélija valni (zongjumi). P&c ménesa 89% izolatiem kolonijas centra
bija izveidojies paaugstinats valnis.

Menesi péc uzs€Sanas visi izolati sagrupti Cetras grupas atkariba no
barotnes krasosanas: 39% izolatu centrs bija tumsi briins, bet talak Iidz plates malai
krémbalts; 34% izolatu veidoja vienmerigi krémbaltu nokrasu; 18% — tumsi briinu;
9% — tumsi peleku (22. att.).

22. att. Diaporthe vaccinii dazadu izolatu barotnes kraso$anas ménesi péc
uzséSanas uz PDA
Fig. 22. Reverse pigmentation of Diaporthe vaccinii isolates after month on PDA

Piknidas bija tumsas, sferiskas, nedaudz iegremd@tas micglija. Istabas
temperatira pirmas piknidas virs micélija noverotas septitaja, astotaja diena péc
uzs€Sanas, tomér 45% izolatu piknidas izveidojas peéc astonam dienam. Mg&nesi pec
uzséSanas piknidu skaits un lielums izolatiem bija atskirigs: 39% izolatu kolonijas
bija izveidojusas I1dz 10 piknidam, bet vairumam (62%) tas bija vairak par 10. Maz
piknidu nove@rotas izolatiem ar pel€kbaltu miceliju. Starp piknidu pazimém
sakaribas netika noverotas. Tomér Pirsona korelacijas analize uzradija vaju
sakaribu (r = -0,308, p = 0,042; 1. tabula) starp piknidu skaitu un to paradiSanas
laiku. Galvenokart piknidas bija izveidojusas septitaja un astotaja diena.
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1. tabula
Table 1

Sakaribas starp Diaporthe vaccinii piknidu raksturojumiem tirkultiira uz PDA
barotnes
Relevances between pycnidia features of Diaporthe vaccinii in culture on PDA

e Lo Laiks / Vieta (valnis) / Skaits / Izmérs /
Kriteriji / Criteria Time Place((zonate)e) Number Size

r= 1 0,068 -0,308 0,162

Laiks /Time p= — 0,660 0,042 0,294
N= 44 44 44 44

. . r= 0,068 1 0,27 —-0,246
;’I'szz ((‘;g'r:‘;fg)’ 0= 0,660 — 0,076 0,107
N 44 44 44 44

r= -0,308 0,27 1 -0,065

Skaits / Number | p= 0,042 0,076 — 0,677
N 44 44 44 44
r= 0,162 0,246 -0,065 1
Izmérs /Size p= 0,294 0,107 0,677 —
44 44 44 44

* Pirsona korelacija ir butiska pie 0,05 ticamibas limena
* Pearson Correlation is significant at 0,05 confidence level

Lai arT vairumam izolatu micélijs veidoja valni, tom@r ne vienmér uz ta
attistijas piknidas. Tikai dalai izolatu piknidas bija uz valpa (23. att.), bet lielakai
dalai izolatu (61%) piknidas bija izveidojusas izkliedus — pa visu Petri trauku
(24. att.). Atrastas arT statistiski nozimigas sakaribas starp koloniju augSanas
atrumu, piknidu izvietojumu un micélija valni. Kolonijam, kuram aug8anas atrums
bija mazs (7.diena diametrs sasniedza tikai 3,0-3,3 cm), piknidas bija
novietojusas izkliedus (r = -350; p = 0,020). Savukart izolatiem, kuriem kolonijas
bija atri augoSas (7. diena diametrs sasniedza 5,0-6,2 cm) micélijs biezak veidoja
valni (r = -314; p = 0,038).

23. att. Diaporthe vaccinii piknidas uz 24. att. Diaporthe vaccinii piknidas
valna tirkultira (uz PDA) izvietotas izkliedus (uz PDA)
Fig. 23. Diaporthe vaccinii pycnidia on Fig. 24. Scattared pycnidia of Diaporthe
zonate on PDA vaccinii on PDA o5



Piknidas attistfjas krémkrasas sporu masa. Diaporthe gints séném ir rakstu-
rigi veidot alfa un beta konidijas (25. att.). Pédgjos gados zinatnieki atzist, ka beta
konidijas var arl nebit (Farr, et al., 2002; Kacergius et al., 2004b; Diaporthe
vaccinii, 2009).

25. att. Diaporthe vaccinii alfa un beta konidijas uz PDA (400 x)
Fig. 25. Alpha and beta conidia of Diaporthe vaccinii on PDA (400 x)

Alfa konidijas bija iegareni ovalas ar noapalotiem galiem, kuras saturgja
katra gala pa ellas loditei. Lielakai dalai izolatu var€ja noverot ar garakas un
smailakas (adatveida) konidijas. Vidgji alfa konidijas (n = 2537) bija 7,39 um
(5,02-10,99 um) garas un 2,76 um (1,49-4,40 um) platas.

Tikai diviem izolatiem var€ja novérot ar beta konidijas, kas ir viena no
Diaporthe gints raksturigakam pazimém, tomér to skaits bija neliels. Beta konidijas
bija smailas, nedaudz ieliektas; izolatam no Apes bija bitiski (p < 0,001) garakas
23,7 pm (£1,55 pm) sporas neka izolatam no Rucavas, kas bija 15,3 um (£2,62 pum).
Savukart sporu platums bitiski (p = 0.044) lielaks konstatéts izolatam no Rucavas
novada, kas vidgji bija 1,6 um (£0,19um), bet izolatam no Apes novada —
1,5 pm (0,1 1pm).

Rezultata gandriz katrs izolats morfologiski bija at$kirigs, tapéc kopuma
griiti raksturot D. vaccinii raksturigas iezimes tirkultiira, jo tikpat lidzigas pazimes
var bit ari citai Diaporthe gints sénei, tapéc loti nozimigi ir genétisko analizu
rezultati. Balstoties uz izolatu ribosomalas DNS (rDNS) ITS1-5.8S-ITS2 regiona
sekvencu analizi un Iidzibu ar sekvencém datubazé, no dzérveném izdalitie un
morfologiski raksturotie izolati atbilda D. vaccinii. Analizgtie izolati péc filogené-
tiskas analizes atbilda (99—100%) arT izolatiem no Lietuvas, ASV (Masaciisetsa,
Mena, Viskonsina, Niidzersija) un Lielbritanijas, lidz ar to, salidzinot liclogu dzer-
venu stadmaterialu izcelsmes vietu ar D. vaccinii izolatu sekvencu izcelsmi,
iespgjams, ka patogeéns Latvija ievests ar stadamo materialu.

Pétfjuma laika pieradits, ka no lielogu dzerveném izol&tais D. vaccinii
izraisa saslims$anu lielogu dzérvenu ogam un dzinumiem. P&tjjuma rezultati pierada,
ka séne galvenokart infic&ja ogas, ja pirms tam ir bijis ievainojums, bet inficésanas
iespgjama ar1 caur nebojatu mizu. Savukart infic€tiem dzinumiem §adas iezimes
netika novérotas, inficéSanas bija augstaka nebojatiem dzinumiem. Iesp&jams,
jauniem dzinumiem audi vl ir jauni un patog€nam ir vieglak ieklat, salidzinot ar

26



ogu audiem, kur ogu virskartu klaj vaska kartina. Ilespgjams, patogens ir bistamaks
dzinumiem neka ogam, ja ogas razas laika netick mehaniski ievainotas. Sada veida
pétijumus biitu nepiecieSams atkartot, lai precizak varétu izanalizét D. vaccinii
bistamibu Vaccinium gints kultiiraugiem un ari savvalas augiem.
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SECINAJUMI

Lielogu dz&rven&m ogu bojajumus Latvija izraisija devinas s€nes: Fusicoccum
putrefaciens Shear (teleomorfaja stadija Godronia cassandrae Peck f. vaccinii
Groves), Coleophoma empetri (Rostr.) Petr., Diaporthe vaccinii Shear in
Shear, N. Stevens, & H. Bain (anamorfaja stadija Phomopsis vaccinii Shear in
Shear, N. Stevens, & H. Bain)., Physalospora vaccinii (Shear) Arx & E.
Miiller, Phyllosticta elongataG. J. Weidemann in G. J. Weidemann, D. M.
Boone, & Burdsall (teleomorfaja stadija Botryosphaeria vaccinii (Sher) Barr),
Allantophomopsis lycopodina (Hohn.) Carris, Botrytis cinerea Pers.: Fr.,
Discosia artocreas (Tode) Fr., Pestalotia vaccinii (Shear) Guba.

Latvija lielogu dz&rven&m saimnieciski nozimigus razas zudumus uz lauka un
uzglabasanas laika izraisija Fusicoccum putrefaciens un Coleophoma empetri.

Razas laika ogu puves izplatiba lielogu dz&rvenu stadijumos Latvija bija tikai
1,9% Iidz 2,4%, kas ir iev@rojami mazak ka Ziemelamerika.

Latvija liclogu dz&rvenes svaiga veida glabatavas (5—7 °C) var uzglabat divus
ménesus, jo lidz novembra beigam vidgji bija bojatas 11-35% ogu, bet
decembra beigas jau 66%.

Karantinas organisms Diaporthe vaccinii konstatéts piecas no seSiem apseko-
tajiem lielogu dzeérvenu stadijumiem Latvija.

Diaporthe vaccinii izplatiba lielogu dz&rvenu stadijumos Latvija bija zema,
tomer §is patogens izraisija dzinumu un auglaizmetnu atmirSanu, ogu puvi uz
lauka un uzglabasanas laika.

Diaporthe vaccinii tirkultira mic€lija krasa bija at$kiriga — sakot no
pelekbaltas lidz pelékbriinai; kolonijas centra veidojas vai neveidojas
paaugstinats valnis; barotne iekrasojas krémbalta, tumsi briina, tumsi peleka
krasa vai arT tumsi briins bija tikai centrs, malas krémbaltas; piknidas paradijas
sakot no 7 dienam lidz ménesi pec uzséSanas, attistoties gan uz valna, gan
izklaidus; piknidu skaits un izmers izolatiem bija atskirigs.

Diaporthe vaccinii izolati bija morfologiski atskirigi, tomér rDNS ITS1-5.8S-
ITS2 regiona sekvences pieradija, ka tie atbilst D. vaccinii. Filogengtiskas
analizes noradija, ka D.vaccinii Latvija, iespgams, ievests ar stadamo
materialu no Ziemelamerikas.

Inokulgjot lielogu dzérvenes ar Diaporthe vaccinii, inficgjas gan ogas, gan
dzinumi, T1saks inkubacijas periods bija gadijumos, kad audi bija bojati, tomer
inficéSanas iesp&jama arT caur nebojatiem audiem.
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INTRODUCTION

The American cranberry (Vaccinium macrocarpon Aiton) is an evergreen
dwarf shrub of the family Ericaceae, which was introduced from the bogs of the
north east of the United States. Berries are valuable, therefore are well demanded in
Europe, but mainly grown in North America. The commercial plantations of
American cranberries are established in Latvia and Belarus from the European
countries. The conditions are appropriate for growing of American cranberry in
Latvia and berries are suitable for exporting. In order to achieve a successful
cranberry production and to improve yield and quality, extensive research and a good
understanding of diseases is necessary. The total area of plantations for American
cranberries exceeded 100 ha in Latvia, but investigations of diseases and their causal
agents started since 2006.

In North America, losses caused by diseases have an important economic
impact in cranberry plantations; if not used fungicides. The incidence of field rot can
reach even 100%. The 32 causal agents of fruit rot are known in North America, but
most of them cause upright, flowers and and ovaries dieback. There are diverse
opinions about pathogenicity of fungi, because fungi are defined as endophyte or
saprophyte in different studies. At the same time the relationships between fungi and
cranberries are changing. For example, Diaporthe vaccinii caused minor losses
before, but in recently years D. vaccinii is defined as harmful pathogen not only for
cranberry, but also for other Vaccinium species in North America.

The investigations are necessary in Latvia to identify casual agents of fruit
rot. Additionally it is important to understand their biology in order to use rational
controlling of diseases in the coming years.

In the literature, there is an inconcistent use of terms for casual agents, there
is no consensus of which one is the dominant term. In this thesis names of pathogen
dominant stage were used, which correspond to the terms in Index Fungorum and
MycoBank databases.

The hypothesis of this study: serious yield lossess of American cranberry
in Latvia reduced fruit rot caused by Fusicoccum putrefaciens and Diaporthe
vaccinii at harvest and in storage.

The aim of the study: to investigate the fruit rot of American cranberry in
Latvia and describe their causal agents.

The tasks of the study:

1. to detect the incidence of fruit rot at harvest and in storage;

2. identify and characterize the causal agents of fruit rot;

3. characterise the morphological peculiarities of Diaporthe vacciii in

pure culture;

4. describe the peculiarities of infection by Diaporthe vacciii in cranberry.
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The novelty of the research:

e for the first time in Latvia nine causal agents from American cranberry
were identified and characterized: Fusicoccum putrefaciens, Coleophoma empetri,
Diaporthe vaccinii, Physalospora vaccinii, Phyllosticta elongata, Allantophomopsis
lycopodina, Botrytis cinerea, Discosia artocreas, Pestalotia vaccinii.

e morphological peculiarities for quarantine organism Diaporthe vaccinii
on PDA have been described, observed peculiarities on infected berries and uprights.

Thesis to be defended:

e the rapid development of American cranberry fruit rot began two
months after harvest in Latvia;

e cranberry fruit rot can be caused by several species of pathogenic fungi,
complex infection can occur as well as;

e the colony of Diaporthe vaccinii produce diverse range of
morphological features in pure culture.

The research results have been collected and reflected in one book chapter,
11 publications in the Latvian and English languages, including reviewed
international publications at international conferences. Research results have been
presented in three oral and six poster presentations.

The research has been carried out with funding from the Ministry of
Agriculture in three projects.
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MATERIALS AND METHODS

Trial place. The observations were carried out in (2007, 2009-2012). Six
cranberry plantations from different locations (Talsi, Babite, Alsunga, Rucava, Ape
and Pargauja municipality) in Latvia were inspected at harvest. Plantations were
arranged after peat extraction 1990-1998: “Purva dzérvenite” in Rucava munici-
pality; “Stigas” in Alsunga municipality, “Lienama-Altksne” in Ape municipality,
“Piesaule” in Talsi municipality and A. Prieditis plantation in Pargaujas munici-
pality, the youngest plantation is arranged in artificial peat bog (1.5-m layer of
sawdust, 30-cm upper layer of peat) in Babite municipality “Strélnieki”, 2002.

The samples were taken from cultivar ‘Stevens’ (‘Mc Farlin’ X ‘Potters’).

The collection of samples. Berries were collected at harvest depending on
the ripening time at harvest (on the 13th of October 2007 (+ 4 days); on the 23rd of
October 2009 (+ 4 days); on the 7th of October 2010 (+ 3 days); on the 4th of October
2011 (% 2 days); on the 5th of October 2012 (+ 5 days)). Visual symptoms of rotted
berries were described and causal agents detected in the laboratory.

Processing of samples in the laboratory. Collected berries were dried in
a laboratory and 100 sound berries in two replicates (total of 200) from each growing
place. Berries were kept in plastic bags (PE-LDO04) for four months and refrigerated
at 5-7 °C with a relative humidity (RH) of 83% +2. At the end of each month until
February, berries were sorted and rotten berries were separated from the sound ones.
The rotten berries were kept and used for identification of the causal agent of the
storage rot and for further investigations.

Assessments were carried out every five days until the 30th of November
2012 for better detection of incidence of storage rot.

All rotten berries (approximately a total of 5000 berries) were put down on
potato-dextrose agar (PDA) for detection the causal agent. Colonies were incubated
at 20-22 °C for 3 to 4 weeks and color and texture of surface mycelium; peculiarities
of colony, reverse pigmentation (color), features of conidia were described and
measured. Causal agents were identified directly from the isolated colonies by
comparing morphological characteristics of fungi with descriptions in the literature.

The microscopic assessment was done with an Olympus BX51 microscope.
Photos were taken with a Sony DSC-H7 digital camera. All the published pictures
are original.

Morphological characteristics of Diaporthe vaccinii. To examine the
colony morphology 44 isolates of P. vaccinii were selected from viscid rot at harvest
2010 in five cranberry growing areas: 22 isolates from Babite municipality; 12
isolates from Rucava municipality, 7 isolates from Alsunga municipality, 2 isolates
from Ape and 1 isolate from Pargauja municipality. Samples were cultivated on
Potato Dextrose Agar (PDA) in two replicates. Cultures were incubated at 23 °C in
the dark for one month.

During this study, colony morphology was described for all 44 isolates of
D. vaccinii. The isolates were divided in different groups to detect relationship
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between the samples. Isolates were divided into the following groups: mycelium
colour and structure (zonate), reverse pigmentation, pycnidia formation time, size,
location, number and conidia size. Conidia was described from 26 isolates, length
and width of 100 conidia per each isolate were measured (um; n = 100).

The 15 isolates from 44 isolates of Diaporthe vaccinii were selected for
taxonomical identity and confirmed using rDNA ITS1-5.8S-1TS2 region analysis.
DNA extracted by NucleoSpin Plant Il commercial Kit, according to the instructions.
The universal primers of ITS1F and 1TS4 were used for polymerase chain reaction
(PCR). Purified PCR products were sequenced at Macrogen Europe (Amsterdam,
Netherlands). Obtained sequences were compared to the sequences of D. vaccinii
and closely related taxa available in the data base of NCBI GenBank, the
phylogenetic analysis by the MEGA 5.1. also were performed. Sequences were
deposited at NCBI GenBank and are accessible by ID KP869876-KP869890.

The peculiarities of infection by D. vaccinii in cranberry were investigated
in Latvia’s conditions. For investigations 50 sound berries (10 x 5 replicates) were
inoculated by D. vaccinii spore suspension (1 ml = 3.7 x 10° conidia) — 0.02 ml
suspension was injected and put on cranberries. Distilled water was injected and put
on 50 berries for comparison with the infected berries. American cranberry stems
were also inoculated by D. vaccinii spore suspension (1 ml = 3.5 x 10°) injected
(n=15) and put on (n =15) stems. Also stems were infected by one week old
mycelium of D. vaccinii. Pieces of mycelium were fixed with parafilm on intact
(n = 15) and damaged (n = 15) stems. Distilled water was injected and put on stems
for comparison.

Mathematical data analyses. Obtained data was processed using non-
parametric calculation models, the proportion of characteristics (W — incidence)
and standard error where calculated, compared the differences between the two signs
of the relative frequency (Gosa, 2003). The results of the investigations were applied
using analysis of variance by ANOVA in MS Excel and computer program SPSS
17.0 statistics package. The obtained data were analysed with descriptive statistics
method with significance (p <0.05) of the differences between the samples
(Arhipova un Balina, 2003). The differences between isolates of D. vaccinii were
analysed using Descriptives statistics — Frequencies and relationships between
morphological characteristics of D. vaccinii, who were expressed in points before
analysing by Pearson correlation (p < 0.05; p < 0.001). Infection rate of the fruit rot
was calculated by formula (1). Infection rate describes the speed of changes of
disease development in time depending on different factors, in this case — period of
storage. Infection rate was expressed by condition units of disease units per periods
of time or all period of disease progress (Krantz, 2003).
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e t, — b ,
r1— rate of infection;
X2 — number of rotted fruit in next time of assessment;
X1 — number of rotted fruit in previous time of assessment;
t2 — t1 — number of days between assessments;
In — logarithm.

Meteorological conditions. The meteorological conditions were analysed
basing on the information available at the website of Latvian Environment, Geology
and Meteorology Centre (http://www.meteo.lv). Compared the annual variations of
precipitation characteristics from the norm since 2000, the amount of precipitation
is significantly increased above norm from 2007 in Latvia, especially in 2010, but
closer to norm was 2011. In recent years (2010-2012) high air temperature with
rainfall was observed in July and August, when cranberries have end of flowering
and fruit set. Especially in August berry bark is very thin, therefore fungi can easy
infect them. The strong rain or hail grains can produce wounds in bark of berries, so
the pathogens easily penetrates in berries caused fruit rot faster. Therefore the risk is
higher to increase the field rot and storage rot of American cranberry in the first
month in storage.
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RESULTS

Incidence of field rot of American cranberry in plantations in
Latvia

The fruit rot is an important factor that reduces the cranberry harvest
quantity and quality. Incidence of field rot in American cranberry plantations at
harvest was — 1.9% on average in 2011 and also in 2012 it reached 2.4%
(p = 0.688). When comparing the incidence of field rot in Latvia and North America,
it is insignificant in our country. The incidence of field rot was similar in different
growing areas, only 1.0-2.6% (p=0.212) in 2011, but in 2012 the rotted berries were
significantly more (p = 0.034) in Alsunga than Ape, Talsi and Pargauja mynicipality.
During the harvest were observed not only soft, watery, yellowish brown, dark
brown, black and off-colored berries, but also necrotic ovaries, which cause higher
yield losses not rotted berries.

Incidence of American cranberry storage rot, 2007-2012

The significant incidence of storage rot was observed directly after
harvest, during the first two months in Latvia (Fig. 1, page 9). Until the end of
November incidence of storage rot was 11-35% on average, until the end of
December 24-66%, but in the end of February the incidence of cranberry fruit rot
depending on year reached 50-88%.

During this study in 2007, the damaged berries of rot was the least, but in
2010, the highest incidence of storage rot was observed during the entire period of
storage in comparison to other years (p < 0.001). Probably rich precipitation in the
summer promoted incidence of diseases, especially raindrops and hail lumps of ice
in August during the berry formation could have damaged the skin of berries making
easier for pathogens to infect the tissue. During this study a tendency to increase the
incidence of storage rot was observed.

A study in autumn 2012 once again confirmed a significant incidence
increase (p < 0.001) of storage rot from the 30th of October (Fig. 2, page 10) which
is exactly one month after the harvesting (the 1st-9th of October) reaching 4,8% on
average. Incidence of cranberry fruit rot reached the highest intensity in the second
month - at the end of November by increasing more than 5 times (27,3%).

During this study it was demonstrated that fresh American cranberries can
keep in storage (5-7 °C) until end of November, at the latest by the end of December.
If berries are intended for processing, as soon as possible is better to freeze, to avoid
yield losses.

Incidence of storage rot of American cranberry in the inspected plan-
tations. Incidence of storage rot in North America varied from year to year, but so
far, the key factors influencing this process have not been found (Stiles and
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Oudemans, 1999; Olatinvo, 2003; Sandler, 2008). The same situation in Latvia also
was observed — incidence of storage rot was variable in different growing regions
(Fig. 3, page 11).

Comparing the average data, no significant differences (p > 0.05) were
observed between the American cranberry growing regions in Latvia. Berries from
Talsi municipality stored better at the beginning of storing than berries from Alsunga
and Ape municipalities, which could probably be affected by the age of plantations,
because these are one of the oldest American cranberry plantations in Latvia
(since 1995 and 1997).

Causal agents of fruit rot for American cranberry and incidence
in Latvia

Various damage caused by cranberry fruit rot was observed in American
cranberry plantations during the harvest and in storage. Berries were yellow-brown,
dark brown, black and washed-out in terms of colour, but main part of them also was
watery, rarely soft. Since 2006 when the first studies were started in Latvia, nine
causal agents of cranberry fruit rot were detected: Fusicoccum putrefaciens,
Coleophoma empetri, Diaporthe vaccinii, Physalospora vaccinii, Phyllosticta
elongata, Allantophomopsis lycopodina, Botrytis cinerea, Discosia artocreas,
Pestalotia vaccinii, which not only cause fruit rot, but also dieback of upright,
blossoms and ovaries.

The visual symptoms for the main part of rotted berries were similar, but
causal agents were different. Besides, a complex infection is often observed when
several pathogens were isolated from one berry. In 2011 from the total rotted berries,
1.4 causal agents were isolated from one berry, while in 2012 the number of causal
agents was slightly less— 1.1. Complex infection was rarely observed in the storage.

Incidences of causal agents of fruit rot during the harvest in
2011-2012

Mainly four species caused field rot at harvest in 2011 and 2012 (Fig. 4,
page 12): Fusicoccum putrefaciens, Coleophoma empetri, Diaporthe vaccinii and
Botrytis cinerea (p = 0.533), F. putrefaciens and C. empetri dominated.

In 2011, the Allantophomopsis lycopodina was found in several plantations
(Rucava, Alsunga and Babite), while in 2012 this fungus was found only in Babite.
From decayed berries Pestalotia vaccinii, Discosia artocreas and Physalospora
vaccinii also were isolated.
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Incidence of causal agents of storage rot during 2007-2012

During the study (2007-2012) at the end of November Fusicoccum putre-
faciens and Coleophoma empetri also dominated, but Diaporthe vaccinii, Physalo-
spora vaccinii, Phyllosticta elongata and Allantophomopsis lycopodina were found
significantly less (p = 0.0003, Fig. 5, page 13) and also further during the storage
until the end of February.

A tendency to increase incidence of F. putrefaciens was observed in the
storage, while the highest incidence of Physalospora vaccinii, Phyllosticta elongata
and Diaporthe vaccinii was only in 2007, but in recent years rarely found. The
incidence of Physalospora vaccinii and P. elongata slightly increased, but incidence
of B. cinera decreased in storage compared to incidence at harvest.

Biology of Fusicoccum putrefaciens in Latvia

In Latvia Fusicoccum putrefaciens cause not only end rot of cranberry, but
also dieback of upright, blossoms and ovaries.

End rot is found during the harvest and in storage. It is very common in all
American cranberry plantations in Latvia. At harvest incidence of F. putrefaciens
was 33-42% from the rotted berries and 37-54% from the dead ovaries. Pycnidia of
F. putrefaciens during the harvest period have been found on the dead ovaries mainly
in plantations in Ape, Alsunga and Talsi municipality, where also higher incidence
of the end rot of cranberry was observed.

During the sorage in 2010-2012, when berries were harvested at the
begining of October, incidence of F. putrefaciens reached an average 0.8-2.7%.
At the end of each following month were able to observe a significant increase
(p = 0.018), at the end of November it has reached 6-21% (Fig. 6, page 14). The
incidence significantly incereased at the end of December reached 12 to 36% and
until the end of February — 21 to 64%.

Incidence of F. putrefaciens in storage has changed over the years in the
inspected cranberry growing regions (Fig. 7, page 14). The average lowest incidence
of F. putrefaciens during the storage period (end of November) is observed in
plantation in Babite municipality — only 7%, while the highest incidence - in
American cranberry plantation in Alsunga municipality, but no significant differen-
ces were observed between the growing regions (p = 0.234).

No ascus stage of Godronia cassandrae Peck f. vaccinii Groves have been
observed in Latvia, it is not widely spread in American cranberry plantations in
North America either. Therefore, incidence of disease is more affected by anamorph
stage, hence, there is an increasing tendency to use anamorph of F. putrefaciens in
literature.

Mycelium of F. putrefaciens in pure culture on PDA culture was fast
growing and produced fluffy, compact aerial mycelium in pale grey, pale green-
grey colour, greyish yellow, olive green, yellow-green colored (Fig. 8, page 15).
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Sometimes small red crystals formed over the mycelium. Colonies produced pyc-
nidia mainly in the centre, below the mycelium. From matured pycnidia orange-
brown, orange-red, creamy spore mass breaks out on the surface. Separately
conidia were hyaline, elliptic to fusiform, with aseptate or pseudosaptate, on
average 2.0 x 8.8 um (1.5-3 x 6-11 um) in size (Fig. 9, page 15).

Biology of Coleophoma empetri in Latvia

Coleophoma empetri was isolated not only from rotted berries at harvest
and in storage, but also from necrotic uprights, blossoms and ovaries. The ripe rot
was observed both during the harvest and storage period and symptoms of rot are
similar to rot caused by F. putrefaciens (off-colored, soft, watery).

During the harvest, from all rotted berries 20% of berries were infected by
C. empetri in 2011 and up to 30% in 2012. The higher incidence of C. empetri was
observed in Babite mynicipality farm “Strélnieki” reached 56% in 2011 and 78%
in 2012.

During the storage period the incidence of C. empetri in 2007, 2009 and
2011 averagely from November until the end of February reached only 3-7%
(Fig. 10, page 16). The year of 2010 significantly differed, where incidence of rot
increased five times reaching already 21% (p < 0.001) by the end of November; that
particular year had more precipitation than other years.

Even though the incidence of C. empetri varied from year to year, no
significant differences were observed between the cranberry growing regions
(p =0.707), but slightly higher incidence of C. empetri was in cranberry
plantations of Alsunga and Babite municipalities, less in plantation of Talsi
municipality (Fig. 11, page 16).

It is possible that real incidence of C. empetri is higher in Latvia, in some
literature was indicated that this fungus can be endophytic and disease caused only
in certain cases (Tadych et al., 2012). No teleomorph stage of C. empetri is observed
anywhere in the world and also biology is still unknown.

Colonies of C. empetri on PDA produced low, fluffy mycelium; initially it
is pale grey, and then became dark-brown; edge line may be straight as well as
irregular (Fig. 12, page 17). Colonies produced a dense structure. Depending on the
age of culture, colour of mycelia changed, because pale grey to white, higher groups
of mycelia were covered it. Pycnidia produced in a circle not far from the outer edge
or around the rot-affected berry. The pycnidia formed faster if infected sample of
berry are placed in culture, but after cultivation emergence of pycnidia became
longer. Conidia were hyaline, straight, uniformly cylindrical, and slightly
punctuated, 3.0 x 14.8 um (2.6-3.4 x 12.2-17.08 pum) in size (Fig. 13, page 17).
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Biology of Phyllosticta elongata in Latvia

During the harvest period in Latvia in some plantations (mainly in Babite
and Rucava municipality) on berries, dark red to black, small spots 1-2 mm in
diameter caused by Phyllosticta elongata are observed. During the first years fruit
rot caused by P. elongata has been observed. Small watery, off-coloured spots may
develop on sound berries which tend to increase with time and form larger spots and
overtook the entire berry and became soft, watery like berries infected by
F. putrefaciens and C. empetri.

The incidence of fruit rot infected by P. elongata every year significantly
decreased (p = 0.002) in storage. By the end of November 2007 it reached 2% on
average, but by the end of February — 9%. Only few berries damaged by P. elongata
rot were observed also during the storing in 2009, mainly from December (1.6%),
but until the end of March amount of decayed berries increased by 3.1%. During the
last years the rot was not observed. During the storage until the end of February in
2011 only one berry was found in Rucava municipality and Pargauja municipality
in 2012. In generally differences between growing regions were not observed
(p = 0.885).

P. elongata has low virulence, therefore it is considered as endophytic fungi
for American cranberry in USA (Tadychetal., 2012). The investigations are
necessary to find out the level of pathogenity of P. elongata in Latvia. Ascus stage
of Botryosphaeria vaccinii (Sher) Barr has not been found in Latvia yet.

Colonies of P. elongata on PDA initially was fast-growing. The aerial
mycelium was floury, pale blue-grey, forms darker and lighter colour circles, from
reverse dark grey-green coloured (Fig. 14, page 18). Pycnidia in the culture appeared
above mycelium after few days from the day of cultivation. They were globose, dark
brown to black (grey above mycelium), from which pale greyish spore mass flows
out. Separately conidia were hyaline, single-celled, obovate to oblong, slightly
granular, sized 13.5x 5.6 pm (10.1-16.4 x 3.9-7.3 um) on average (Fig. 15,
page 18). At the end the conidia has a mucilaginous long appendage.

Biology of Physalospora vaccinii in Latvia

Blotch rot caused by Physalospora vaccinii appeared only in storage. On
berries, mainly at the apex a pale red, slightly sunken dry rot spot was observed and
dried out with time.

At the autumn in 2012 perithecia in American cranberry dead leaves was
found, therefore matured spores can infect berries at harvest. During the season the
fungus developed, but damages by rot were observed only in storage, although the
blotch rot caused by P. vaccinii is widespread at harvest in cranberry plantations in
USA (McManus et al., 2003; Olatinwo et al., 2003).

During storage, the blotch rot was mainly found in 2007 when it developed
already in November and reached 7% by the end of February which was significantly
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(p = 0.045) more than in other years. Incidence of rot in 2009 decreased for more
than three times and reached only 2% in January and February, therefore berries
were kept for one more month and it turned out that the rot increased by 1%. Also
during the next years (2010-2012) incidence of P. vaccinii continued to decrease,
but several berries with pale coloured rot could be found in storage.

When comparing the incidence of rot in cranberry growing regions, the
higher incidence of P. vaccinii is more common in Talsi and Pargauja municipality,
but in 2009 also in Babite municipality, however no significant differences were
observed between the regions (p = 0.585).

P. vaccinii has two strains. The dark strain usually is more common in
North America and the light one develops only in rare cases, but last one is more
common in Latvia.

Colonies of the light strain on PDA produced poor, low, branchy, yellowish
white mycelium with slightly yellowish coloured in the reverse of plate (Fig. 16,
page 19). The dark strain also produced low, poor and branchy mycelium, but moss
brownish grey coloured, the pigmentation in the reverse of plate was also moss
green-grey (Fig. 17, page 20). The light and dark strain after week produced globose
to pyriform, dark brown perithecia, but asci and paraphyses formed after five weeks
(Fig. 18, page 20). Average size of asci for the light strains was 199.2 x 42.1 pm
(133-251 x 19.6-64.1 um). Each asci contained eight ascospores. Ascospores of
white strain were obovoid, pale yellowish brown, with a punctate surface,
435 % 17.4 pm (33.8-53.8 x 12.3-24.9 um) in size. Ascospores were hyaline
shortly before maturing. Ascospores of the dark stem were slightly shorter, broadly
obovoid with blunt ends, darker brown.

Biology of Allantophomopsis lycopodina in Latvia

For American cranberry Allantophomopsis lycopodina cause black rot.
Berries damaged by rot were dark brown to black, dry and later shrunk.

Level of incidence of black rot during the harvest period and storing was
low. Incidence of black rot was the highest at the end of February 2007 reached
1.2%. In further years the incidence of rot gradually decreased (p < 0.001) even
down to 0.2-0.3% (end of February). In 2007 the black rot was significantly more
common in Babite municipality, while in 2009 — in Ape municipality, but it has
never been found in Rucava municipality (2007-2012), even in 2011 when the black
rot was found on the field. During this study no differences were found between
regions (p = 0.332).

Colonies of Allantophomopsis lycopodina on PDA are fast growing,
produced poor low mycelium in dark moss-green greyish colour, pigmentation
colour was green-grey to black in the reverse of plate (Fig. 19, page 21). After
15 days at room temperature globose to pyriform black pycnidia appeared. From
maturity pycnidia erupted out a black, little creamy spore mass. Separately
conidia were hyaline, unicellular, allantoid to lunate, binucleate, 7.6 x 2.7 um
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(6.6-8.6 x 2.2-3.8 um) in size, at the ends, with two drops in each end (Fig., 20,
page 21).

The less common fungi on American cranberry and their biology
in Latvia

Botrytis cinerea was isolated from necrotic uprights, flowers and rotted
berries of cranberry. Damaged berries by rot were yellowish or yellow-brown.
Yellow rot was found during the harvest and storage, but incidence was low in all
cranberry plantations. During the harvest from all rotted berries 18% of berries were
infected by B. cinerea in 2011, but in 2012 damages reached only 7%. In the
beginning of storing period yellow rot was observed very rare.

Colonies of B. cinerea on PDA was fast-growing. Colonies were white and
later became darker and produced rare, pale brown mycelium. After 10 days sclerotia
was formed and later conidiophores and conidia were observed. Conidia were
globose, ellipsoid, pale green-grey colored. Sporulation was observed in moist
chamber from necrotic parts of the cranberry.

Pestalotia vaccinii caused fruit rot was found mainly at harvest, but very
rare during storage, the incidence was low. On berries spots were slightly sunken, in
the centre concentric rings were formed. Damaged berries were yellowish brown in
storage. The fungus was isolated from necrotic uprights.

Colonies of P. vaccinii on PDA was fast-growing and produced yellowish
white mycelium at the middle darker yellow, dense, high, from the reverse lemon-
yellow colored. From matured acervuli through the mycelium erupted black, watery
mass of conidia in spiral shaped. Seperately conidia were fusiform, straight or
slightly curved 5.8 x 27.5 pm (4.7-6.8 x 22-32 um) in size, five celled. The three
central cells were dark colored, both terminal cels were hyaline with appendages,
apical cell had 34 filiform setae an average 23.9 pm (16—33 um) in size. The basal
cell had only one appendage an average 13.7 um (9.5-18 pm) long. Also hyaline,
elipsiod, slighlty curved, 2.0 x 6.3 pm (1.3-2.7 x45-7.8 um) in size of
microconidia was observed. Sporulation was observed in moist chamber from
necrotic parts of the cranberry.

Discosia artocreas was isolated from necrotic uprights and ovaries of
cranberry. During the harvest few yellowish brown berries damaged by rot were
found.

Colonies of D. artocreas on PDA was fast-growing and produced low, rare
and pale grey mycelium, from the reverse dark grey colored. From necrotic uprights
fungus formed pyriform, dark, grayish brown pycnidia on PDA and also in moist
chamber. From matured pycnidia erupted creamy, yellowish white conidia in mass.
Seperately conidia were hyaline on slightly grayish green, elongated, narrow,
3.2 x 14.2 um (24 x 12-17 pm) in size, by rounded ends and three septate. At the
both ends of conidia long apendages were.
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Information about D. artocreas and damages caused to American
cranberries was only found in few scientific articles , however, they did mentioned
that the fungus has isolated from American cranberries damaged by rot
(Olatinwo et al., 2003), but pathogenity level is unclear for cranberry. The Discosia
artocreas was describes as a secondary parasite of woody species in Europe
(Wolczanska et al., 2004; Vanev, 1996).

Biology of Diaporthe vaccinii in Latvia

Diaporthe vaccinii (anamorph Phomopsis vaccinii) caused several damages
to American cranberry in Latvia — upright dieback in the spring, during the
flowering — blossoms and ovaries blight, viscid rot at harvest and in storage.

Only anamorph stage of D. vaccinii was found in Latvia, but also in North
America the ascus stage develop very rarely. The fungus is included in list of EPPO
A2/211 as quarantine organism (Diaporthe vaccinii, 2009), which is found on many
of Ericaceae plants in several countries in Europe. The incidence of pathogen is
under surveillance in Europe yet, although controlling of D. vaccinii is problematic
in North America.

During the study, the incidence of D. vaccinii was observed low in Latvia
and did not cause significantly yield losses of American cranberry, but the pathogen
was found in five from six inspected American cranberry plantations in Latvia,
except in Talsi municipality.

During the harvest in 2011 and 2012, the number of both blight ovaries and
rotten berries was low, from all collected samples with symptoms of rot, 6-59% of
berries were infected by D. vaccinii.

During storage D. vaccinii was found already from October to the end of
February (Fig. 21, page 23). The number of rotten berries in 2007 and 2010 reached
3.3-3.5% and slightly less incidence of viscid rot was observed in 2011, but even
less in 2009 and 2012 (p = 0.010). Viscid rot was mainly found in Babite and Rucava
municipalities.

Morphological peculiarities of Diaporthe vaccinii in Latvia

During the study morphological peculiarities of Diaporthe vaccinii isolates
were observed different, therefore identification is difficult. The obtained isolates
were grouped by similar characteristics and correlation was used to find relevance
between peculiarities.

D. vaccinii is fast growing on PDA. After 4 days at room temperature the
growth of colonies at maximum reached 3 cm (1.8-4.2 cm) in diameter on average.
In the 8th day the growing of several isolates were stopped.

During the first days, the mycelium of D. vaccinii was white, after one
month could notice changes in colour, when 84% of isolates surface mycelium were
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grayish white, but other — greyish brown. In the first days, different structure of
mycelium was observed for isolates: very dense and high, flat edge of the colony;
very rare, low, visible branched. The edge of the colony was flat, but for some
isolates it was intended. Later the edge was flat for all isolates.

One of the most characteristic features of pathogen is the texture of
mycelium. The most common was one rarely more circles of compacted, dense,
slightly elevated (until 5 mm) mycelium — zonate. After a month the main part
of isolates (89%) had zonate. After a month from cultivation all isolates were
grouped in four groups depending on pigmentation in reverse: 39% of isolates
produced dark brown center, at the edge grayish white in reverse of plate, 34%
of isolates had creamy-white pigmentation; 18% — dark brown; 9% — dark
grey (Fig. 22, page 24).

Colonies of D. vaccinii on PDA produced slightly embedded, dark sphe-
rical pycnidia. The first pycnidia on PDA at room temperature above mycelium
were observed in the 7th and 8th day, but 45% of isolates pycnidia formed later.
The time of their appearance, placement and number were different: 39% of
isolates after month had up to 10 pycnidia, but majority (62%) had more than 10
of them. Less pycnidia was observed for isolates with greyish white mycelium. No
relevance between morphological features of pycnidia was observed, but analyse
of Pearsos correlation showed week negative relevance (r =-0,308, p = 0,042;
table 1, page 25) between time and number of pycnidia. Mainly pycnidia formed
in seventh and eighth day. Even though for the most part of isolates the mycelium
formed a zonate, pycnidia did not always develop on it. Only part of the isolates
pycnidai had on zonate (Fig., 23, page 25), but for the main part of isolates (61%)
pycnidia had scattered along the Petri dish (Fig. 24, page 25). Statistically significant
relevance was found between colony growth rate, pycnidia placement and zonate.
The colonies with a slower growth rate (diameter of colony was 3,0-3.3 cm in the
seventh day) produced scattered pycnidia (r = —350; p = 0.020) and colonies with
faster growth rate (diameter of colony was 5.0-6.2 cm c¢m in the seventh day) formed
a zonate more often than the slow growing ones (r = —314; p = 0.038).

Creamy spore mass developed in pycnidia. Alpha and beta conidia are
characteristic feature for genus of Diaporthe (Fig. 25, page 26). During the recent
years scientists admit that beta conidia not always formed (Farr, Castlebury,
Rossman u. c., 2002; Kacergius, Gabler and Jovaisiene, 2004b; Diaporthe vaccinii,
2009). Alpha conidia were hyaline, fusiform, ellipsoid, straight, aseptate, biguttulate.
A few conidia of some isolates were relatively longer, with sharp apex, but most
were with slightly rounded ends. The average size of alpha conidia (n = 2537) were
recorded: 7.39 um (5.02-10.99 pm) in length and 2.76 pum (1.49-4.40 um) in width.
Beta conidia could be observed only for two isolates, but they were small in number.
The beta conidia were hyaline, filiform, straight or curved and aseptate. The length
of beta conidia from Ape was significantly (p < 0.001) higher 23.7 pm (+1.55 pm)
than of those from Rucava 15.3 pm (+£2.62 um) and the width were significantly
(p = 0.044) greater 1.6 pm (£0.19um), but for isolate from Ape 1.5 pm (£0.11um).
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Almost every isolate of D. vaccinii was morphologically different
therefore it is complicate to characterize the specific features of D. vaccinii in pure
culture, because of the similar features that can be seen for other fungi from
Diaporthe genus, results of genetic test are very important. Based on ribosomal
DNA (rDNA) ITS1-5.8S-1TS2 region sequences, obtained sequences of isolates
corresponded to D. vaccinii. All isolates showed close phylogenetic relationship
(99-100 %) to other isolates of D. vaccinii from Lithuania, USA (Massachusetts,
Mena, Visconsin, New Jersey) and Great Britain. Therefore probably the fungus
is imported with planting material in Latvia.

During the study, infection by D. vaccinii was proved on American
cranberry in Latvia. After inoculation from cranberry isolated D. vaccinii, caused
viscid rot and upright dieback of American cranberry. The fungus mainly infected
berries by wounds, but infection is also possible through intact bark, but this feature
for infected stems were not observed, but more infected stems were without wounds.
Probably the fungus can easier infect new tissue of stems than berries, because the
surface of berry is covered with a layer of wax. Probably D. vaccinii is more
hazardous for stems than berries of American cranberry, if berries are not
mechanically damaged during the harvest. The investigations would need to be
repeated to analyze destructiveness of D. vaccinii for other Vaccinium crops and
wild plants.
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CONCLUSIONS

The damages of fruit rot for American cranberry was caused by nine fungi in
Latvia: Fusicoccum putrefaciens Shear (teleomorph Godronia cassandrae
Peck f. vaccinii Groves), Coleophoma empetri (Rostr.) Petr., Diaporthe
vaccinii Shear in Shear, N. Stevens, & H. Bain (anamorph Phomopsis
vaccinii Shear in Shear, N. Stevens, & H. Bain)., Physalospora vaccinii
(Shear) Arx & E. Miiller, Phyllosticta elongata G. J. Weidemann in G. J.
Weidemann, D. M. Boone, & Burdsall (teleomorph Botryosphaeria vaccinii
(Sher) Barr), Allantophomopsis lycopodina (Hohn.) Carris, Botrytis cinerea
Pers.: Fr., Discosia artocreas (Tode) Fr., Pestalotia vaccinii (Shear) Guba.

Economically significant losses of American cranberry were caused mainly
by Fusicoccum putrefaciens and Coleophoma empetri at harvest and during
storage in Latvia.

During harvest period, incidence of field rot in American cranberry
plantations in Latvia reached only 1.9% to 2.4%, which is considerably lower
than in North America.

Fresh American cranberries in Latvia can store (at 5-7 °C) for two months.
By the end of November 11-35% of berries in average are dama—ged by
storage rot, and by the end of December it reached 66%.

Quarantine organism Diaporthe vaccinii has been found in five out of six
inspected American cranberry plantations in Latvia.

Incidence of Diaporthe vaccinii in American cranberry plantations in Latvia
was low, but it causes upright and ovary dieback, viscid rot on the field and
in storage.

Myecelium of Diaporthe vaccinii was grayish white to grayish brown; colony
produced zonate or non zonate in the centre; reverse pigmentation — creamy
white, dark brown, dark gray or produced dark brown centre, at the edge
grayish white; pycnidia appeared from 7 days up to one month after
inoculation; formed on zonate or scatared; isolates produced various number
and size of pycnidia.

Isolates of Diaporthe vaccinii were morphologically different, but obtai-
ned sequences based on rDNS ITS1-5.8S-1TS2 region conformed to
D. vaccinii. Phylogenetic analyses showed that the fungus has been
probably imported to Latvia with planting material from North America.

Diaporthe vaccinii infected berries and shoots of American cranberry,
damaged tissues promote infection, however, the infection is also possible
through undamaged tissue.
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