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Abstract. Apple rot is the most important cause of yield losses during storage. The average losses
can be estimated around 40% and it depends on apple variety, meteorological situation during
vegetation season and quality of storage conditions as well. The most important pathogens caused by
apple rot are fungi from families: Neofabraea, Colletotrichum, Monilinia, Botrytis and Penicillium.
Infection by some pathogens occurs mainly in the orchards but remain latent until storage, other
infections occurs only during storage. The ten different apple varieties were tested during storage
season 2015/2016. All apples with rot symptoms were collected and analysed all along storage, at
different times. The causal agents were identified based on symptoms, formation and colour of
acervuli and conidia on the fruit surface. Totally 394 samples were analysed and 10 different causal
agents of rot detected. The incidence of causal agents varied 1-35%. During first assessment the
dominant were rot caused by families from Neofabraea, Monilinia, Alternaria, Cladosporium and
Botrytis. Whereas, during the last assessment, the spectrum of causal agents changed and dominant
species were — Colletotrichum, Neofabraea, Fusarium and Penicillium. The severity of apple rot
mostly depended on apple variety and time of assessment.
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levads

Abolu audzétajiem, jo Tpasi tiem, kas @bolus ilgstosi uzglaba, abolu puves var radit ievérojamus
razas zudumus. Zudumi var bit pat 1idz 40% un to ietekmé gan meteorologiskie apstakli, kadi bijusi
vegetacijas sezonas laika, gan arT audz€Sanai izvéléta abolu skirne (Michalecka et al., 2015; Vico
etal., 2015; Wenneker et al., 2015). Abolu puves ierosinataji biezak ir no sénu valsts, un, kaut ari
inficéSanas ir notikusi jau vegetacijas perioda laika, slimiba aktivak attistas tiesi glabatuves.

Seénu ierosinatas abolu puves nosaciti varétu iedalit divas grupas — “latentas infic€Sanas” rezultats
un “virsmas bojajuma” sekmétas jeb sekundaras puves. Pie pirmas grupas pieder puves, kuras ierosina
sénes no gintim Neofabraea, Neonectria un Colletotrichum, ka ari Monilinia un Botrytis, kuru raditie
bojajumi dazkart razas novaksanas laika nav redzami, bet attistas glabatava un inficé blakus esoSos
auglus, rezultata veidojot t. s. ,,ligzdas” jeb vairakus puves bojatus auglus vienkopus. Pie otras grupas
pieskaitamas galvenokart sénes no Penicillium un Cladosporium gintim, kuras inficé abolus caur
bojajumiem miza, tie var bt gan mehaniski bojajumi, gan kraupja bojajumi. (Wenneker et al., 2015;
Borve and Stensvand, 2015).

Latvija veiktajos p&tijumos par auglaugu nozimigakajam slimibam un to ierobezoSanas iespgjam,
tai skaita abolu puveém glabasanas laika, konstatéts, ka nozimigakie slimibu ierosinataji ir sénes no
ginttim Monilinia, Neofabraea, Colletotrichum un Alternaria (Nozimigakie kaitigie organismi....).
Sénes no Neofabraea gints ierosina abolu puvi, kuras latviskais nosaukums ir vérSacs puve (angliski
bull’s eye rot). Izpétits, ka slimibu ierosina tris dazadas sugas N. alba, N. malicortis un N. perennans
(Sutton et al., 2014; Michalecka et al., 2015). Uz So bridi Latvija diagnostic&tas tikai divas pirmas no
minétajam sugam (Volkova, Juhnevica-Radenkova, 2015). Biezak §is slimibas simptomi novérojami
uz pilnigi gataviem aboliem — veidojas tumsi (dazada diametra) plankumi ar izteiktu gaisaku centralo
dalu. Terosinataja sporu masa — apmali viegli roza vai krémkrasa, izvietoti pa visu plankumu (Sutton
et al., 2014; Volkova, Juhnevi¢a-Radenkova, 2015).

Sénes no Colletotrichum gints ierosina abolu rigto puvi (angliski bitter rot). Biezak, ka
ierosinatajus min C. acutatum un C. gloeosporioides sugu kompleksus (Damm et al., 2012.). Biezak
sastopamas sugas, kas pieder Siem kompleksiem ir C. godetiae, C. nyphaea, C. fiorianei un citas retak
atrastas sugas. (Sutton et al., 2014; Berve and Stensvand, 2015). Aboli ar o puvi var inficéties tilit
pec aizmeSanas. Pirmie slimibas simptomi ir siki pelekbrini punktini uz abolu mizas, kuri intensivak
sak attistities tikai tad, kad abols sak nogatavoties (Nozimigakie kaitigie organismi....). Raksturigi, ka
tad, kad plankums ir palielingjies 1idz 1-3 cm, ap to sak veidoties koncentriski apli un attistas sénes
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sporu sakopojumi — apmali oranzas nokrasas. Pargriezot abolu plankuma vieta, virziena uz serdi,
redzams V veida audu bojajums (Volkova, Juhnevi¢a-Radenkova, 2015).

Séne Monilinia fructigena ierosina auglu briino puvi un $o puvi biezi var novérot vél pirms razas
novaksanas. Slimibas attistiba vairak noverojam lietainas vasaras un tas attistibu veicina dazada veida
(mehaniski vai kaiteklu raditi) auglu bojajumi. Palielinoties auglu gatavibas pakapei, pieaug ar1 sénes
izplatiba. Raksturiga pazime, ka stipri inficéti augli pakapeniski mumificgjas un uz tiem saskatami
ierosinatdja konidijnes€ju un konidiju “kaudzites” (Xu, Robinson, 2000; Sutton et al., 2014).

Séne Botrytis cinerea ierosina peleko puvi un ta ir aktuala ne tikai Latvija, bet arT citur Eiropa
(Nozimigakie kaitigie organismi....). Ari §is puves attistibu veicina lietains laiks vegetacijas perioda un
dazadi auglu bojajumi.

Atskiriba no iepriekSmingtajam slimibam, glabatuvés biezak noverojami puvuso auglu
sakopojumi, jo ierosinatajs viegli pariet no viena augla uz otru (Klein et al., 1997). Savukart sénes no
Neonectria gints ierosina lapu koku v&zi un inficé arT abeles. Galvenokart slimibas simptomi
noverojami uz stumbra vai zariem. Sakuma veidojas neliela briice, kur mizas plaisas skaidri saskatami
sénes auglkermeni, kuros attistas gan konidijas, gan asku sporas. Tomer infic€ties var art aboli un biezi
infekcija sakas vieta, kur uz abola atrodamas kauslapu paliekas (Sutton et al., 2014).

Pétijuma mérkis bija noskaidrot @bolu puves ierosinatajus, to spektru un relativa biezuma
izmainas abolu glabasanas laika.

Materiali un metodes

Petijums veikts APP ,,.Darzkopibas institiita” noliktava Pure, 2015./2016. gada uzglabasanas
sezona, ziemas Skirnu abolu vakSana sakta septembra vidii un turpinata lidz oktobra sakumam.
P&étfjuma izmantotas desmit ziemas abolu Skirnes — ‘Auksis’, ‘Ciganocka’, ‘Alesja’, ‘Antejs’, ‘Rubin’
(kazahu), ‘Beforest’, ‘Spartan’, ‘Red Aroma’, ‘Edite’ un ‘Belorusskaja Malinovoje’. Aboli ievakti
septembra beigas turpat Puré esoSaja auglu darza un uzreiz parvietoti uz noliktavu. Katrai Skirnei
glabasanas paraugs ievakts Cetros atkartojumos. Viena atkartojums svars varigja 4—8 kg (atkariba no
Skirnes un abolu lieluma). Vaksanas laika aboli ievietoti kastés un ar tam parvietoti uz glabatuvi,
izsledzot atkartotu abolu parvietoSanu un iesp&jamo trauméSanu. Noliktava, visa glabasanas laika
uzturéta konstanta vide, temperatiira +1.5°C, relativais gaisa mitrums 93—-95% un darbojas aktiva gaisa
ventilacija.

Atkartota, sakotngji vizuala, slimibu uzskaite veikta aptuveni vienu ménesi péc abolu ievietosanas
glabatava (27.11.2015.) un turpinata, Iidz aprilim (15.04.2016.), kas dazam no izmé&ginajuma
ieklautajam Skirn@m aprakstos tiek minéts, ka iespgjamais uzglabasanas laiks. Veicot uzskaites, atlasiti
visi aboli, ar vizualam puves bojajumu pazimé€m un aprékinats to procentualais Tpatsvars (%) no vidgja
parauga svara (1. tab.). Precizakai bojato abolu puves ierosinataju diagnostikai visi inficétie aboli
nogadati LF Augsnes un augu zinatnu institiita Augu patologijas laboratorija. Laboratorija bojatie
aboli, s€nu sporulacijas veicinasanai, ievietoti mitraja kamera, istabas temperatiira. P&c nedelas bojatie
aboli novertéti vizuali un, mikroskopgjot, identificéti slimibu ierosinataji. Papildus izmantojot PDA
(kartupelu dekstrozes agaru) iegltas arl sénu tirkultiiras, lai precizé€tu mikroskopeSanas datus.
Aprékinats ierosinataju relativais biezums (% ) no kopgja iegito izolatu skaita (Tadych et al., 2012).

Rezultati un diskusijas

Veicot sakotngjo vizualo auglu apskati, $kirném ‘Ciganocka’, ‘Antejs’ un ‘Belorusskaja
Malinovoje’ konstatétas izteiktas abelu kraupja (ier. Venturia inequalis) slimibas pazimes. Sim
Skirném vairak neka 90% no novaktajiem augliem bija inficéti. Zemaka abelu kraupja izplatiba (lidz
50%) konstatéta skirném ‘Auksis’, ‘Rubin’, ‘Beforest’ un ‘Spartan’. Savukart skirném ‘Alesja’, ‘Red
Aroma’ un ‘Edite’ abelu kraupja bojajumi netika konstatéti. Abelu kraupis, ja ir novérojams uz
augliem, samazina ne tikai auglu vizualo izskatu, bet veicina arT auglu sekundaro infice€Sanos ar auglu
puveém glabasanas laika.

Veicot matematisko datu salidzinasanu (salidzinot infic€to abolu daudzumu, %) gan starp
izméginajuma ieklautajam abelu $kirné€m, gan uzskaites laiku novérojamas butiskas atskiribas
(Fra= F > Feri= 6.485). Lielaka puves izplatiba novérojama skirnei ‘Beforest’, kaut arT Skirnes apraksta
ir noradita laba izturiba pret abolu puvi. No salidzinatajam abolu $kirn€m, Skirnei ‘Alesja’ infic&to
abolu daudzums procentuali bija viszemakais, kas saskan ar doto $kirnes raksturojumu.
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1.

Abolu puves izplatiba (%), dazadam $kirneém, glabasanas laika
Incidence of apples rot (%), from different varieties during storage

tabula Table 1

Abolu skirne

Apple variety 27.11.15. 08.01.16. 09.02.16. 08.03.16. 15.04.16.
‘Auksis’ 1.7 0.5 0.3 0.4 3.1
‘Ciganocka’ 0.1 0.5 0.5 0 2.2
‘Alesja’ 2.4 0 0 0 0.4
‘Antejs’ 3.1 4.0 7.1 0 4.8
‘Rubin 1.8 7.9 9.3 4.1 8.3
‘Beforest’ 3.1 8.4 12.3 11.0 25.0
‘Spartan’ 1.3 4.2 7.6 3.2 8.9
‘Red Aroma’ 1.7 4.7 4.5 8.2 20
‘Edite’ 0.8 0.6 15 0.4 54
‘Belorusskaja Malinovoje’ 3.5 4.1 6.9 3.0 7.1

Precizaka puves ierosinataju diagnostika un analize veikta Augsnes un augu zinatnu institita,
Augu patologijas laboratorija. Péc nogadasanas laboratorija aboli aptuveni vienu ned€lu uzglabati
mitrajas kameras, istabas temperatiira, lai veicinatu ierosinataju vairo$anas organu attistibu. Puves
ierosinataju noteikSana veikta balstoties tieSi uz katrai s€nei raksturigo sporu sakopojumu — apmalu
krasojumu un izvietojumu, ka ar1 uz konidiju formu un izmériem. Kopuma, analiz&jot 394 paraugus,
konstatéti 10 dazadi abolu puves ierosinataji, kuru relativais biezums bija dazads no 1-32% (1. att.).
Domingja puves ierosinatdji no gintim — Neofabreae, Colletorichum un Alternaria. Ievérojami retak
bija sastopamas sénés, kas pieder Penicillium, Fusarium, Cladosporium, Monilinia, Botrytis,
Phomopsis un Mucor.
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1. att. Abolu puves ierosinataju relativais biezums glabasanas laika (%).
Fig. 1. Relative density of causal agent of apple rot during storage (%).

Salidzinot atseviski pa uzskaites reizém, jasecina, ka ierosinataju spektrs ir mainigs. Pirmajas
uzskaites reizés domin&ja abolu puves ierosinataji no gintim Neofabraea, Monilinia, Alternaria,
Cladosporium un Botrytis (2. att.). Minétie ierosinataji, iznemot Neofabraea spp. biezak inficé abolus,
kuri ir bojati mehaniski, vai nu vegetacijas perioda laika tos ir bojajis kads kaiteklis, vai auglis
traumets vaksanas laika.
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27.11.2015.

MNcofabraca (IMonilinia. MAlternana @ Cladosporium E@Botrytis

2.att. Abolu puves ierosinataju spektrs pirmaja (27.11.2015.) uzskaites reize.
Fig. 2. Spectrum of apple rot causal agents during first (27.11.2015.) assessment.

Savukart sakot no tresas uzskaites reizes (09.02.2016., 08.03.2016. un 15.04.2016) doming&ja
abolu puves ierosinatdji no ginttim Colletotrichum, Neofabraea, Fusarium un Penicillium (3. att.).
legtitie rezultati saskan ar literatiiras datiem, ka Neofabreae gints sénes, kaut arT inficgjusas abolu jau
vegetacijas perioda laika, aktivak attistas tie$i 3—4 meneSus p&c razas novaksanas, kad abols ir pilniba
nogatavojies (Sutton et al., 2014; Michalecka et al., 2015). Lidzigi literatiira ir min&ts ari par abolu
riigto puvi, kuru ierosina Colletotrichum gints sénes (Sutton et al., 2014; Berve and Stensvand, 2015).
Abolu nogatavosanas pakape ir veicindjusi arf Fusarium un Penicillium gints s€nu attistibu glabasanas
beigas, jo abols ir gatavaks, jo straujak attistas puve.

15.04.2016.

@ Neofabraca #Colletotnchum ®@Fusarium W Penicillium

3.att. Abolu puves ierosinataju spektrs pedeja (15.04.2016.) uzskaites reize.
Fig. 3. Spectrum of apple rot causal agents during last (15.04.2016.) assessment.

Secinajumi

Abolu uzglabasanas kvalitate bija atkariga gan no Skirnes gan no uzglabasanas ilguma.
Atseviskam skirném puves bojato abolu daudzums bija izteikti lielaks uzglabasanas beigas.

Kopuma noteikti 10 dazadi abolu puves ierosinataji no sekojosam gintim: Neofabraea,
Colletotrichum, Alternaria, Penicillium, Fusarium, Cladosporium, Monilinia, Botrytis, Phomopsis un
Mucor. To relativais biezums varigja 1-35%.
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Abolu puves ierosinataju spektrs glabasanas laika mainijas, bet tas nebija atkarigs no Skirnes.

Visas uzskaites reizes konstatéti vienigi izolati no Neofabraea spp..
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