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IEVADS

Auglkopibas produkcijas razoSanu ziemelu platuma grados, tai skaita
Latvija, ierobezo klimatiskie faktori, tapéc nepiecieSams izpétit katra
introduc@ta auglauga augSanas un attistibas Ipatnibas. Vispusiga krimmellenu
augSanas, attistibas un razosSanas izpete dod iespEju izvEleties piemérotako
Skirni konkrétiem augsanas apstakliem.

Krimmellenu izpéte Latvija sakusies jau no 1967. gada Salaspils
Nacionalaja Botaniskaja darza, ka rezultata izveidotas 5 krimmellenu Skirnes.
Pieejamajos informacijas avotos zipas par krimmellenu audz&Sanu;
produktivitati un ziemcietibu Latvija ir nepietieckamas. Lidz §im nav veikta
sistematiska un vispusiga §1 introducéta auglauga noveértéSana un raksturosana,
kas ierobezoja ta praktiskas pielietoSanas iesp&jas.

Krimmellenes Latvija ir relativi jauns introducéts auglaugs, bet jau
iestaditi ap 200 ha komercdarzi, kas izveidoti no ievestajam Skirném. Ir
pieejama dazadu valstu pieredze krimmellenu Skirnu audzesana, bet, lai arT
dazas Amerikas Savienoto Valstu (ASV) pavalstis; polija, Vacija un Lietuva ir
lidzigi agroklimatiskie apstakli, ir nepiecieS$ams parbaudit krimmellenu Skirpu
augsanu, attistibu, ziemcietibu un razibu Latvijas agroklimatiskajos apstak]os,
jo visos pétijumos tiek noradits, ka krimmellenu Skirnu ziemcietiba un raziba ir
atkariga no konkrétas vietas agroklimatiskajiem apstakliem.

Nepietieckama ziemcietiba un jutiba pret pavasara salnam ir divi no
galvenajiem krimmellenu $kirpu genétiskajiem ierobezojumiem. ASV dienvidu
pavalstis bitiskus krimmellenu razas zudumus rada pavasara salnas, bet
ziemelu regionos (tai skaita Latvija) batiskus razas zudumus rada ziemas
bojajumi. Ideala varianta krimmelleném vajadzeétu atri aklimatiz€ties rudent,
uzturét augstu ziemcietibu ziemosanas laika un Ieéni deaklimatiz&ties pavasarl
vai neraksturigi silta ziemas laika.

Augu aklimatizacija zemas temperatiras ir daudz pétita, bet joprojam ir
neskaidri aklimatizacijas laika notiekosie fiziologiskie procesi un $o procesu
loma auga aukstumizturiba un salcietiba. Ir zinama oglhidratu loma augu
ziemcietibas paaugstinasana, ir noteikti aukstumizturibas un salcietibas
noteicoSie dehidrinus kodg&joSie g€ni, bet ir nepietickama informacija par
reducgjoso cukuru un sausnas saturu kriimmellenu dzinumos ziemosanas laika,
un joprojam notiek pe€tijumi par dehidrinu lomu krimmellepu Skirpu
aukstumizturiba un salizturiba.

Hipotéze

Temperatiira ziemoSanas perioda un augu augsSanas laika ietekmé
krimmellegu (Vaccinium corymbosurh.) ziemcietibu, fenologisko attistibu;
produktivitati un ogu kvalitati.



Darba merkis

Raksturot krimmellenu ziemcietibu, razibu un razas kvalitati, biokimisko
sastavu atkariba no gada klimatiskajiem apstakliem. Aprakstit krimmellenu
Skirpu morfologiskas ipaSibas, un izveértét Skirpu piemérotibu audzéSanai
Latvijas agroklimatiskajos apstak]os.

Darba uzdevumi

1. Izvertet gaisa temperatiiras ietekmi uz kriimmellenu Skirpu ziedpumpuru
un dzinumu ziemcietibu.

2. Noteikt sausnas un reducgjoso cukuru saturu krimmellenu Skirpu
viengadigajos dzinumos ziemosanas laika, atkariba no gaisa temperatiiras
un to saistibu ar kriimmellenu ziemcietibu.

3. Noteikt dehidrinu kod&joSo genu relativo Itmeni kriimmellenu Skirnu
viengadigajos dzinumos, atkariba no meteorologiskajiem apstakliem
ziemoSanas laika un to saistibu ar kriimmellenu aukstumizturibu un
salizturibu.

4. Raksturot krimmellenu $kirpu fenologisko attistibu atkariba no gaisa
temperatiiras un efektivo temperatiiru summas.

5. Izvertet krimmellenu skirnu raZzu un razas kvalitativos raditajus (ogu
masa un lielums, ogu biokimiskais sastavs), atkariba no gada
klimatiskajiem apstakliem.

6. Sniegt krimmellenu integréto novertejumu.

Novitate

Pirmo reizi Latvija veikta introducéto krimmellenu skirnu izvert€Sana péc
gaisa temperatliras ietekmes uz to ziemcietibu un produktivitati. Noteikta
sausnas un reducgjoSo cukuru satura krimmellenu dzinumos saistiba ar
ziemcietibu, noteikta divu 14 kDa un 60 kDa dehidrinu g€nu ekspresija
ziemoSanas perioda dabiska vidé augosu krimmellenu Skirnu viengadigajos
dzinumos. Pirmo reizi Latvija veikta krimmellenu Skirnu ogu biokimiska
sastava analize atkariba no agroklimatiskajiem apstakliem.

Rezultatu nozimiba

Noskaidrotas ziemcietigas; produktivas krimmellenu Skirnes ar augstu
funkcionali aktivo vielu saturu.

Noskaidrota sausnas, reduc€joso cukuru sastavs un divu dehidrinu
kodgjoso génu (14 kDa un 60 kDa) ekspresija krimmellenu $kirn€s, un to
saistiba ar salizturibu.

Izveidoti Latvija introducg€to 11 kriimmellenu Skirpu apraksti.

Iegiitie p&tijuma rezultati pielietojami:

- izveloties ziemcietigas un produktivas krimmellenu Skirnes konkréta
Latvijas auglkopibas zona;

- veidojot krimmellenu genétisko resursu datu bazi;



- nosakot dehidrinu kodgjoso génu lomu krimmellenu aukstumizturiba
un salcietiba;
- turpinot kriimmellenu fiziologisko procesu izpéti.

Petfjuma rezultati atspoguloti 10 publikacijas latvieSu un anglu valodas,
tai skaita starptautisko konferencu, kongresu, simpoziju un zinatnisko seminaru
recenzetas starptautiskas publikacijas.

Par zinatniska darba rezultatiem sniegti 6 mutiskie referati un 6 stenda
zinojumi starptautiskas zinatniskas konferences, kongresa, simpozijos un
seminaros.

Pettjuma rezultati ieguti pateicoties projektiem:

1. LR ZM subsidiju projekts Nr. F-L147 starp Latvijas Valsts auglkopibas
institiitu un LLU "Vidi saudz&jo$u audzes$anas tehnologiju precizésana auglu
un ogu darzos dazados augsnes un klimatiskajos apstaklos", sadala
“Kriimmellenes un dzérvenes”. 2007. — 2009. gads.

2. LZP grants Nr. 09.1465. Vacciniumspp. ziemcietibas biologiskie aspekti.
2009. gads.

3. ESF projekts “Atbalsts LLU doktora studiju TstenoSanai”, vienoSanas
Nr.2009/0180/1DP/1.1.2.1.2/TPIA/VIAA/017.

Liguma Nr. 04.4-08/EF2.D2.07, laika perioda no 01.09.2009. — 31.07.2010.
un 01.09.2010. — 31.04.2011.

4. “Latvijas lauku attistibas programmas 2007. — 2013. gads” apakSteéma
“Krammellenes un lielogu dzérvenes” projekta Nr. K17.04/10 “Ilgtsp&jigas
auglkopibas attistiba, izmantojot vidi un tdenus saudzgjosas, ka ar1 lauku
ainavu saglabajosas integrétas audzEéSanas tehnologijas klimata parmainu
mazinaanai un biologiskas daudzveidibas nodro$inasanai”, 2010. —
2011. gads.

PETIJUMA APSTAKLI UN METODES

Petijuma vieta, objekts un agrotehnika.Krammellenu ziemcietibas un
produktivitates p&tijumi veikti Latvijas Lauksaimniecibas universitates (LLU)
Lauksaimniecibas fakultates (LF) Agrobiotehnologijas institita (ABTI)
macibu — pétijumu bazes Jelgava, Strazdu iela 1, krimmellenu kolekcija no
2007. Iidz 2011. gadam. Kolekcijas ierikoSana sakta 2002. gada ruden,
izmantojot viengadigus un divgadigus stadus.

Izmeginajuma ieklautas 11 krammellenu Skirnes, kuras parstav
krimmellenu sugas Vaccinium corymbosuni.. skirnes (‘Duke’, ‘Blueray’,
‘Bluejay’, ‘Bluecrop’, ‘Jersay’, ‘Patriot’ un ‘Spartan’) un V. corymbosumnx
V. angustifoliumhibridus (‘Chippewa’, ‘Northblue’, ‘Northland’, ‘Polaris’).
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Krimmellenu skirnes ‘Jersey’, ‘Chippewa’, ‘Bluecrop’, ‘Patriot’,
‘Northland’, ‘Northblue’, ‘Polaris’ un ‘Blueray’ staditas 2002. gada rudeni
(augusta — septembri) izmantojot divgadigus stadus, kas izaudzeti no ASV
ievestiem meristémas augiem. Skirnes ‘Spartan’ un ‘Bluejay’ staditas
2003. gada pavasarl, izmantojot divgadigus stadus, kas iegiiti no meristemu
augiem Ogre, bet Skirne ‘Duke’ stadita 2003. gada pavasari, izmantojot
viengadigus stadus.

Stadijums ierikots kultiraugsng, veidotas 50 cm dzilas un 50 cm platas
transejas; pilditas ar skabu kiidru. KopSanas darbi: bojato un krimu sabiezinoso
zaru izgrieSana, ravéSana, rindstarpu plausana, laistiSana, aizsargtiklu uzlikSana
razas laika.

Meteorologiskie apstkli izméginajuma laika. 2006./2007. gada
ziemoSanas periods raksturojas ar lielam temperatiiras svarsttbam un
nenoturigu sniega segu (2006. gada decembra vidgja gaisa temperatiira bija par
7 gradiem augstaka neka ilggadigi novérota, bet 2007. gada februari gaisa
temperatiira pazemingjas lidz -29.7 °C). 2007. gada vegetacijas perioda
nokriSpu sadalijums bija vienmerigs. 2007./2008. un 2008./2009. gada
ziemoSanas periodi raksturojas ar gaisa temperatliras stabilitati (nebija
noverojamas krasas temperatiiras svarstibas). 2008. gads raksturojas ar vésaku
un mazaku nokrinu daudzumu vegetacijas periodu. 2009. gada mazakais
nokrisnu daudzums bija aprila un maija ménesi. 2009./2010. gada ziemoSanas
periods raksturojas ar zemu gaisa temperatiiru un noturigu sniega segu, kas nav
raksturiga Latvijas apstakliem. 2010. gada vegetacijas periods bija loti silts un
nokriSpiem bagats (gaisa temperatira par 3 gradiem parsniedza ilggadigi
noveroto). 2010./2011. gada ziemoSanas sakuma periods raksturojas ar stabilu
gaisa temperatiru un biezu sniega segu, bet ziemoSanas perioda otra pusé
(no 2011. gada janvara) bija verojamas gaisa temperatiiras svarstibas (noveérots
8 dienas ilgs atku$na periods). 2011. gada vegetacijas perioda vidgja gaisa
temperatira bija Iidziga ka 2010. gada.

Materiala novertéSanas metodika. Nosakot morfologiskas pazimes,
nelabvéligu laika apstaklu bojajumu, razibas, 100 ogu masas un ogu kvalitates
vertéSanai aprékinats vidgjais no atseviS$ku krimu vért€juma, bet biokimiska
sastava vert€Sanai izmantots kopgjais ogu paraugs. Pazimes vértetas balleés no
0 Iidz 9, atbilstosi UPOV (TG 137/3) un metriska skala.

Ziemcietiba no 2007. lidz 2011. gadam krimmelleném noteikta pgc LLU
LF Agrobiotehnologijas institita Darzkopibas nodalas pétnieku izstradatas
skalas lauka apstak]os, nosakot ziedpumpuru un dzinumu bojajuma pakapi.

Ziemcietiba vértéta laika posma no vegetacijas perioda sakuma Iidz junija
vidum; perioda no 2007. Iidz 2011. gadam:

- ziedpumpuru ziemcietba vertéta ballés, kur 9 — nav bojajumu
pazimju, 5 — cietusi 41 — 60% ziedpumpuru; 1 — ziedpumpuri pilniba
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cietusi, 0 — augs pilniba gajis boja;

- dzinumu ziemcietiba vértéta ballés, kur 9 — nav bojajumu pazimju,

1 — augs gajis boja Iidz sniega Iiijai, 0 — augs pilniba gajis boja.

Papildus 2010./2011. ziemoSanas gada perioda noteikti kriimmellenu
ziemcietibu ietekmejoSie parametri:

sausnas saturspoteikts ka masas starpiba pirms un pec zaveésanas.
Paraugi zavéti zavéSanas skapi 72 stundas 40 °C (vai ilgak, lidz
nemainigai masai). Sausnas saturs izteikts g 100 g';

reducgjoSo cukuru saturs, noteikts p&c Bertrana metodes, kuras
pamata ir cukuru aldehidu un ketonu grupas oksidésanas (reducgjoso
cukuru), varot $kidumu Félinga reagenta klatbatng (bazisks vara oksida
Skidums). Reducgjosie cukuri noteikti izzavetos samaltos paraugos.
legttos raditajus izmanto reduc€joSo cukuru daudzuma aprékinam
g 100 g'1 sausnas ([Tnemxos, 1976). Reducgjoso cukuru saturs noteikts
LLU LF Augsnes un augu zinatgu institiita laboratorija;

14 kDa un 60 kDa dehidinu kodgjoSo gnu ekspresija no
ievaktajiem paraugiem izdalits RNS un, izmantojot
spektrofluorimetrijas metodi, noteikta RNS koncentracija. Dehidrinu
kodgjoso geénu ekspresijas atSkiribu raksturoSanai starp dazadiem
paraugiem, izmantota relativa kvantit€Sanas jeb salidzino$a Ct metode.
ST metode lauj savstarpgji salidzinat paraugus, izmantojot lietotaja
izveletu paraugu ka references paraugu. Analizes veiktas Latvijas Valsts
mezzinatnes institita ,,Silava” Gen&tisko resursu centra.

Aukstumstundu vienibu (CU) noteik§anai2010./2011. gada ziemoSanas
perioda izmantots ,,Utah” modelis (Richardson, Seeley, Walker, 1974).

Krimmellenu skirnes novertétas pec $adam pazimém:
Fenolggiskas paames(vertéts no 2009. lidz 2011. gadam):

Ziedpumpuru brieSanas laiksvertéts ka dienu skaits péc 1. janvara;
ziedeSanassakuma laiks vertéts ka dienu skaits pec 1. janvara;
ziedeSanas ilgumsvertéts dienas, skaitot no ziedé$anas sakuma laika, lai
noteiktu So pazimi; papildus noveroja ziedlapu nomesanas laiku;

ogu ierakSanas laiks, kad pilnigi nokrasojusas 50 — 75% ogu (pirma
razas vaksanas reize), vertéts dienas, skaitot no 1. janvara;

razoSanas perioda ilgumsertéts dienas no pirmas ogu vaksanas reizes
l1dz p&dgjai.

Ogu ienakSanas laiks un razoSanas perioda ilgums noteikts no

2008. —2011. gadam.
RaZa un raZas kvaliite (vértéta no 2008. lidz 2011. gadam):

raza, noteikta ka kopgja raza, kg no kriima;
ogas vittja masa noteikta 100 ogu masa un aprekinata vidgja vienas ogas
masa gramos;



ogu lielums noteikts 100 ogu paraugam, sadalot ogas 6 lieluma
grupas — 1. grupa: loti mazas ogas, < 9 mm; 2. grupa: 9.1 — 12 mm,
3. grupa: 12.1 — 15 mm, 4. grupa: 15.1 — 18 mm, 5. grupa: lielas ogas,
18.1 — 20 mm, 6. grupa: loti lielas ogas, > 20 mm).

Ogu biokimiskais sasfivs (vértéts 2008., 2010. un 2011. gada) noteikts
saldetas ogas (pec novakSanas, ogas lidz analizu veikSanai uzglabatas
-20°C£2°C):

kopgjais antocianu saturs (ACS) ogas noteikts spektrofotometriski
(Moor, Karp; poldma et al., 2005) pie gaismas vilpu garuma 535 nm,
mg 100 g™;

askorbinskabes saturs (ASS) ogas noteikts ar joda metodi (Moor,
Karp; poldma et al., 2005), mg 100 g'l;

Skistod@s sausnas saturgSSS) noteikts ogu sulas paraugos ar digitilo
refraktometru  ATAGO N20 (m@rinstrumenta klida + 0.1%) pie
temperattiras 20 °C, °Brix;

kopgjas titrgjamas skabes saturs(TSS) noteikts ar titréSanas metodi
(LVS EN 12147 : 2001A), mg 100 g;

kopgjo fenolu saturs (FS) noteikts ar spektrometrijas metodi, lietojot
UV-1650-PC spektrofotometru pie vilpa garuma 765 nm, izmantojot
Folina-Denisa reagentu (Singleton, Orthofer, Lamuela- Raventos, 1999),
mg 100g™.

Ogu biokimiska sastava analizes veiktas Latvijas Valsts auglkopibas
institlita laboratorija.

Morfolo giskas paadmesvertétas augu miera perioda laika bezlapota stavokl:

krama augstumsvertéts metros no augsnes virskartas lidz augstaka
zara galotnei. krima platums vértéts metros no viena kriima sanzara
galotnes lidz pretgjas puses sanzara galotnei;

krima dzinumu skaits vertéts veselos skaitlos pa dzinumu vecuma
grupam;

krima vainaga tilpums (m’) aprekinats ki konusa veida figiirai,
nosakot krlima augstumu un vainaga platumu;

krima habituss jeb forma vértéta balles no 1 Iidz 3, kur 1 — stavs
(references Skirne ‘Bluecrop’), 2 — vidgji stavs, 3 — izplests (references
Skirne ‘Northblue’).

Meteorologisko datu uzskaite. No 2008. lidz 2010. gadam izmantoja
Jelgavas Hidrologiskas un meteorologiskas stacijas (HMS) meteorologiskos
datus. Sakot ar 2010. gadu, gaisa temperattiras dati iegliti izmantojot portativo
MicroLite USB datu registru, kas novietots kolekcijas stadijuma. Dati registréti
digitala formata ik pa stundai. Aprékinata diennakts vid€ja gaisa temperatiira,
efektivas temperatiras summa (ETS), dekazu un meénesu vid€jais nokri$nu
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daudzums.

Datu matematiska apstrade. Aprakstosa statistika un dispersiju analize
veikta kvantitativam pazimeém, kas vertétas metriska vai ordinala skala, ka art
sakaribu analizei starp nov@rojumiem veiktas korelacijas un regresijas analizes,
izmantojot MS Excel un SPSS datu apstrades programmas.

REZULT ATI UN ANAL IZE
KRUMMELLE NU ZIEMCIET IBA

Ziemcietiba. Izméginajuma gados ziemosanas apstakli bija loti dazadi, Iidz
ar to krimmellenu ziemcietiba pa izméginajuma gadiem bija butiski at3kirTga.
Visaugstako ziedpumpuru un dzinumu ziemcietibu krimmellenu Skirnes
uzradija 2009. gada (9 balles), bet viszemaka ziedpumpuru (vid&ji 3.6 balles)
un dzinumu (vid&ji 4.3 balles) ziemcietiba visam izm&ginajuma ieklautajam
skirném bija novérojama 2007. gada. Labi ziemoSanas apstakli (vid&ja
ziemcietiba 8.3 balles) bija 2008. gada, bet 2010. un 2011. gada krimmellenu
Skirnes uz ziemoSanas apstakliem reag€ja atskirigi, $ajos gados ziemcietiba
vari€ja no 3.0 Iidz 9.0 ballém.

Augstako dzinumu ziemcietibu uzradija pusaugsto krimmellenu Skirnes
‘Chippewa’ (vidgji 7.9 balles) un ‘Northblue’ (vid&ji 7.7 balles) un augsto
krimmellenu Skirne ‘Jersey’ (vidgji 7.8 balles). Turklat 2007. gada, kad
pergjam skirném bija bojati pat trisgadigie dzinumi (ziemcietiba svarstijas no
2.0 I1dz 5.3 ballém), ‘Chippewa’ un ‘Jersey’ divgadigie dzinumi bija tikai viegli
cietusi. Ziemosanas apstak]i 2007., 2010. un 2011. gada visvairak ietekm&jusi
augsto kriimmellenu Skirnes ‘Duke’ dzinumu ziemcietibu, Sajos gados ‘Duke’
dzinumu ziemcietiba svarstas no 2.0 lidz 6.0 ballém, lai gan vidgji pa gadiem
‘Duke’ uzrada vidgju dzinumu ziemcietibu 5.9 balles. Augsta ziedpumpuru
ziemcietiba noverota pusaugsto krimmellenu Skirném ‘Chippewa’ un
‘Northblue’ (vidgji 7.7 balles) un augsto krimmellenu Skirnei Patriot’
(7.5 balles), bet zema ziedpumpuru ziemcietiba — augsto krimmellenu Skirnei
‘Duke’, 5.4 balles (1. att.). Pusaugsto krimmellegu skirnpu vida ‘Northland’
uzradija zemako ziemcietibu (vid€ji 6.5 balles) neka pargjas $1 tipa Skirnes.
Augsto krummellenu Skirpu vidid jutigi ziedpumpuri bija ‘Duke’ (vidgja
ziedpumpuru ziemcietiba 5.4 balles), bet ziemcietigakie ziedpumpuri (vidgji
7.0 balles) bija Skirnei ‘Patriot’ (1. att.).

Augstako un mazak svarstigu ziedpumpuru ziemcietibu visos pétfjuma
gados uzradija skirne ‘Chippewa’, savukart ‘Duke’ raksturojas ar svarstigu
ziedpumpuru ziemcietibu pa gadiem un trijos novérojuma gados uzradija
zemako ziemcietibu. Skirne ‘Duke’ pat gados ar labvéligiem ziemoSanas
apstakliem uzradija zemako ziedpumpuru ziemcietibu.
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Dzinumu ziemcietiba pa gadiem stabilaka bija Skirném ‘Jersey’ un
‘Chippewa’ salidzinajuma ar pargjam pétijuma ieklautam Skirném, bet
vislielakas svarstibas dzinumu ziemcietiba pa gadiem noverotas Skirném
‘Duke’ un ‘Northland’.

Chippewa*
Northblue*
Patriot

Polaris*

Spartan

RS()_05 zp / LSDO_05fb = 053

Bl
Heerop RSo.0s dzin / LSDg gssh= 0.88

Northland*

Jersey 8d
Blueray 6.1b
Bluejay

Duke

4.5 5.0 55 6.0 6.5 7.0 7.5 8.0

Balles/ Point
zema / low vidgja / midle augsta / high

1. att. Krimmellenu skirnu ziedpumpuru un dzinumu vidgja ziemcietiba
2007.—-2011. gada, balles.
Fig. 1. The average winter hardiness of flower buds and shoots of the blueberry
in 2007 — 2011; point.

# dzinumu ziemcietiba / winter hardiness of shoots

3 ziedpumpuru ziemcietiba / winter hardines of flower buds

** V. corymbosum V. angustifolium

a, b — burti apzimé butiski atSkirigas (p < 0.05) datu grupas / the letter marked
significantly different (p < 0.05) group of data

RSg0s zp = ziedpumpuriem / LSDyos fb = flower buds RS, s dzin = dzinumiem /
LSDy g5sh = shoots

Visos noverojuma gados novérota bitiska (p = 0.00) gadu ka
meteorologisko apstak]u kopuma ietekme uz krimmellenu $kirpu ziedpumpuru
un dzinumu ziemcietibu. Ar1 krimmellegu skirnu robezas pieradita statistiski
butiska (p = 0.00) ziedpumpuru ziemcietibas atSkiriba, kas norada uz butisku
Skirpu genétisko Tpasibu lomu ziemcietiba.

Aprekinot sakaribu cieSumu, konstat€ta bitiska cieSa pozitiva
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(ryx = 0.92; p < 0.01) sakariba starp krimmellenu dzinumu un ziedpumpuru
ziemcietibu, kas nozimé, jo augstaka dzinumu ziemcietiba, arT ziedpumpuru
ziemcietiba biis augstaka. Skirnes un novérojuma gadu faktoru ietekmes
Ipatsvara salidzinajums krimmellenu ziemcietiba liecina, ka gadam ka
meteorologisko apstaklu kopumam ziemoSanas perioda bija loti bitiska
ietekme uz ziedpumpuru un dzinumu ziemcietibu (nz%ZP = 75.89 un
nz%dzin = 77.68), turklat dzinumu ziemcietibas veidoSana meteorologisko
apstaklu faktora ietekmes Tpatsvars bija augstaks neka ziedpumpuru
ziemcietiba. Krimmellenu Skirnei ka faktoram bija bitiska, bet neliela ietekme
(nz%zp: 7.45 un nz%dzm: 7.65) uz krimmellenu ziemcietibu.

Krammellenu ziemcietibu ietekm@ ne tikai meteorologiskie apstakli, bet ari
Skirpu spgja izturét temperatiiras svarstibas ziemosanas laika; par ko liecina
pétijuma ieklauto Skirnu un ziemoSanas apstaklu faktoru mijiedarbibas efekta
biitiska, kaut arl neliela (0%, = 12.57 un W'%q, = 12.61) ietekme uz
krimmellenu ziemcietibu.

Izvertejot krimmellenu Skirnu kop&jo ziemcietibu, ar augstu ziemcietibu
un augstu tas stabilitdti pa gadiem izc€las pusaugsto krimmellenu Skirnes
‘Chippewa’ un ‘Northblue’. Trijos p&tljuma gados augstu ziemcietibu uzradija
augsto kriommellenu Skirne ‘Patriot’ un pusaugsto krimmellenpu Skirne
‘Northland’. Divus gadus péc kartas zemu ziemcietibu uzradija augsto
krimmellenu Skirne ‘Blueray’, bet zemaka kopgja ziemcietiba novérota augsto
krimmellenu $kirnei ‘Duke’.

KRUMMELLE NU ZIEMCIET IBU IETEKM EJOSO PARAMETRU
ANAL IZE

Sausnas saturs2010./2011. gada ziemo$anas perioda starp krimmellenu
Skirn€m nebija statistiski pieradamas sausnas satura atSkiribas (p = 0.42).
Bitiskas atskiribas (p = 0.00) sausnas saturd dzinumos konstatétas starp
paraugu nemsanas laikiem (2. att.).

Pirmaja paraugu nemsanas reiz€ (oktobrT) vidgjais sausnas saturs dzinumos
bija 56.8 g 100 g, kas bija biitiski augstaks neka novembri, janvarT un februari.
Savukart februari sausnas saturs bija biitiski zemaks neka oktobrT un marta.
Zemais sausnas saturs februard liecina, ka janvara beigas un februara pirmas
dekades sakuma paaugstinatas gaisa temperatiiras perioda ietekme palielinajas
briva idens daudzums $iinas, kam sekojosa strauja temperatiiras pazeminasanas
ietekm@ja kriimmellenu dzinumu salcietibu.

Pétijuma rezultati liecina, ka 2010./2011. gada ziemoSanas perioda
augstako ziemcietibu uzradijusas Skirnes ‘Chippewa’; patriot’ un ‘Northblue’
miera periodu sak un beidz ar augstu sausnas saturu viengadigajos dzinumos,
un ir sp&jigas strauji uzsakt vegetaciju, kas liecina par $o $kirpu piemérotibu
mainigiem meteorologiskajiem apstakliem.
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2. att. Sausnas satura dinamika kriimmellenu viengadigajos dzinumos
(g 100 ¢) un videja diennakts temperatiira (°C)
starp paraugu nemsanas reizém.
Fig. 2. The dray matter content dynamics in blueberries’ annual shoots
(g 100 @', and average temperature (°C) between sampling dates.
¢ temperatlira / temperature

—&— sausnas saturs/ content of dry matter

ReducjoSo cukuru saturs krimmellenu dzinumos 2010./2011. gada
ziemoSanas perioda bitiski atSkiras gan starp skirném (p = 0.00), gan starp
paraugu nemsanas reizém (p = 0.00).

Reducgjoso cukuru saturs krimmellenu dzinumos vegetacijas perioda
beigas (26.10.2010.) bija zemaks neka ziemosanas laika, vidgji 2.3 g reducgjoso
cukuru 100 g' sausnas ZiemoSanas laika tas pakapeniski palielinajas,
maksimumu sasniedzot tre$aja un ceturtaja paraugu npemsanas reizé
(27.12.2010. un 27.01.2011.). Saja laika vidgjais reducjoso cukuru saturs bija
nemainigs. Piektaja paraugu nemsanas reiz€ (24.02.2011.) reducgjoso cukuru
saturs butiski samazinajas, bet marta beigds dzinumos bija tikai 2.5 g
reducgjoso cukuru 100 g sausnas (3. att.). Salidzinot reducgjoo cukuru satura
izmaigu atrumu ar pirmo paraugu nemsanas reizi, visstraujak ta saturs
palielinas otraja paraugu pemsSanas reiz€ (novembrl), velak izmainas bija
mazakas.

Skirngm ‘Patriot’, ‘Northblue’, ‘Chippewa’ un ‘Jersey’ ar augstu un
Skirném ‘Spartan’ un ‘Polaris’ ar vidéju dzinumu ziemcietibu reducgjoso
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cukuru satura svarstibas dzinumos bija mazak izteiktas neka pargjam
5 petjuma ieklautajam krimmellenu Skirném. legiitie rezultati liecina, ka
skirném, kuram ziemoSanas perioda temperatiirai pazeminoties, strauji picauga
reducgjoso cukuru saturs, arT ziemcietiba bija augsta.

Vertgjot augu salcietibas raksturojoSo raditaju savstarp&jo sakaribu,
konstatéta butiska vid&ji cieSa lineara negativa (ryx = -0.46; p < 0.05) sakariba
starp reducgjoso cukuru un sausnas saturu dzinumos, kas var€tu noradit uz
tendenci, ka; palielinoties sausnas saturam, reducgjoSo cukuru saturs
samazinasies. Konstatéta vaja (ryx = 0.26; p < 0.05) butiska sakariba starp
akumulétam aukstumstundam (CU) un sausnas saturu, un vaja biitiska negativa
(ryx = -0.38; p < 0.05) sakariba starp akumulétam CU un reduc&joSo cukurus
saturu. Vajas sakaribas liecina par tendenci, ka auga miera perioda beigas
sausnas saturs dzinumos palielinas, bet reduc€joso cukuru saturs samazinas.

I -
o) 4.0 T60 g
£ £y
Sg 354 140 £
5w 301 +20 £8
2 g 2 a
B 2.5 4 +00 = E
? Re )
g9 S =
o 2.0 T-20 £ ¢
= £ 5o
o . 2
58 154 +.405 8
2 B < g
]% o 1.0 4 ®-56 1 60 lg(
SENS) =72 .
2 05 : 807
Q
o~

26.0kt.2010
25.n0v.2010
27.dec.2010 | &
27 janv.2011
24 febr.2011
31.marts2011

Paraugu nemsanas datumi / Sampling dates

3. att. ReducgjoSo cukuru satura dinamika kriimmellenu viengadigajos
dzinumos (g 100 g'1 sausnas) un vidgja diennakts temperatiira (°C)
starp paraugu nemsanas reizém.
Fig. 3. The content of reducing sugar dynamics in blueberries’ annual shoots
(g 100 ¢" in dray matter), and average temperature (°C)
between sampling dates.
& temperatiira / temperature ~ —#— reducgjoso cukuru saturs / content of reducing sugar

Meteorologiskajiem apstakliem paraugu npemsSanas reiz€s bija lielaka
ietekme (°% = 38.3) uz sausnas saturu krimmellenu dzinumos un ta bija
bitiska (p = 0.000). Reducgjoso cukuru saturu ziemosSanas perioda bitiski
ietekméja gan 3kirnes faktors (0% = 31.5), gan meteorologisko faktoru
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Relativais Iimenis / Relative

kopums (1°% = 43.5).

Dehidrinu 14 kDa un 60 kDa ekspresijaRezultatu statistiska analize
pierada, ka 14 kDa dehidrina kod&joSo génu ekspresijas Iimenis starp Skirném
nav bitiski atSkirigs (p = 0.187), bet ir batiski atSkirigs (p = 0.005) atkariba no
akumuléto aukstumstundu skaita, bet 60 kDa dehidrina kod&oso g&nu
ekspresija konstatetas bitiskas (p = 0.003) atSkiribas gan starp krimmellenu
Skirn€m, gan atkariba no akumulé&to aukstumstundu skaita (p = 0.001).

Krimmellenu dzinumos un ziedpumpuros augstakais Itmenis 14 kDa
dehidrina ekspresija bija veérojams pie akumulétam 712 CU, kad temperatiira
pazeminajas zem 0 °C. Pieturoties 45 dienu nepartrauktam sala periodam,
14 kDa dehidrina ekspresijas limenis samazinajas (augi uzradija augstu
salcietibas ITmeni), bet Skirnu ‘Northblue’, ‘Bluejay’, ‘Bluecrop’ un ‘Duke’
dzinumos 14 kDa ekspresijas Itmenis palielinajas tieSi p&c nepartraukta sala
perioda (akumulétas 714 CU), viszemako akumulacijas I[imeni sasniedzot marta
beigas (1109 CU). 60 kDa dehidrina ekspresija bija konstateta pazeminoties
temperatirai, bet augstakais ekspresijas Iimenis bija nov€rojams péc
nepartraukta sala perioda, savukart marta beigas akumulacijas Itmenis atkal
strauji palielinajas (4. att.).

1607 e5.1 14 kDa y=0.8673x" - 7.2435x + 15.917 T8 <
. <
14.0 + R*=0.9733 tao 3 “
<
12.0 + ) 8 2
60 kDa y=0.7757x - 4.1024x + 8.0794 141 T 20 g ©
< 1001 g8
3 g E
L g0+ ~ Q0
6.0 EQ
.0 T [o))
=
40 T [
10 <
20 ;2
0.0
Aukstumstundu skaits/ Chill units
4. att. Dehidrinu kodgjoso génu (14 kDa un 60 kDa) ekspresijas relativais
limenis krimmellenu viengadigajos dzinumos,
atkariba no aukstumstundu skaita.
Fig. 4. The relative expression level of 14 kDa and 60 kDa dehydrin in
blueberries’ annual shoots depend of chill units.
1 14 kDa
. 60 kDa

& vidgja diennaks temperttira / average daily temperature
Poly. (14 kDa)
— — Poly. (60 kDa)
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14 kDa dehidrinu kodgjoso génu ekspresiju krimmellenu dzinumos
ietekmé uzkrato aukstumstundu skaits (r,x = -0.33; p < 0.05) un vidgjas
diennakts gaisa temperatiiras (ry, = 0.29; p < 0.05). 14 kDa dehidrina kodgjosa
géna ekspresijas ITmenis samazinas ziemoSanas laika, Iidz ar to konstatetas
sakaribas liecina par tendenci, ka agrind pazeminatas temperatiiras stadija
dehidriniem lidzigo proteinu uzkrasanas ir saistita ar aklimatizacijas procesu.
Netika konstat€ta reduc€joSo cukuru un sausnas satura dzinumos ietekme uz
14 kDa dehidrinu ekspresijas Itmeni, savukart 60 kDa dehidrinu kodgjoso génu
ekspresiju ietekmé&ja sausnas saturs dzinumos (ryx = 0.30; p < 0.05), kas norada
uz tendenci, ka sausuma stress iesp&jams ietekmé 60 kDa dehidrinu génu
ekspresiju. Salidzinot 60 kDa dehidrinu génu ekspresijas Iimeni ar sausnas
saturu krimmellenu dzinumos, var secinat, ka Skirném ‘Northland’, ‘Duke’ un
‘Northblue’ ar augstaku 60 kDa dehidrinu génu ekspresijas Itmeni pie 1109 CU
bija augstaks arT sausnas saturs. 60 kDa dehidrinu kod&joSo génu ekspresiju
ietekméja minimalas gaisa temperatiiras (ryx = 0.33; p < 0.05). AtSkirtba no
14 kDa dehidrina kodgjoSo génu ekspresiju, netika konstatéta akumul&to
aukstumstundu ietekme uz 60 kDa dehidrinu ekspresijas Itmeni. Konstatetas
sakaribas norada uz tendenci, ka 60 kDa dehidrinu ekspresijas Itmeni ietekmé
tieSi zemas gaisa temperatiras (1. tabula).

1. tabula / Table 1
Meteorologisko apsaklu, reducgjoSo cukuru un sausnas satura ietekme uz
dehidrinu genu ekspresijas relalvo fimeni / The effect of meteorological
conditions, content of reducing sugar and dray matter on the relative
expression level of dehydrin

Radrtaji / Treatments 14 kDa | 60 kDa
Reducgjoso cukuru saturs / Content of reducing sugar 0.079 -0.129
Sausnas saturs / Content of dray matter -0.235 0.300*
Vidgja ménesa temperatira / Average temperature of month 0.293* 0.010
Minimala ménesa temperatira / Min temperature of month -0.102 0.328*
Maksimala méne$a temperattura / Maxtemperature of month 0.224 -0.041
Akumulétas CU / Accumulated CU -0.331* 0.266

* korelacija butiska / significant correlation(p < 0.05)

Rezultati liecina, ka ziemcietigako Skirpu dzinumos un ziedpumpuros
‘Patriot’, ‘Chippewa’, ‘Northblue’ un ‘Jersey’ 14 kDa un 60 kDa dehidrinu
geénu ekspresijas [imenis bija augstaks neka mazak ziemcietigajam Skirném.

Atskirtbas abu dehidrinu ekspresijas Itmenos liecina, ka dehidrinus
kodgjoso genu ekspresiju ietekmé gaisa temperatiras, akumuléto
aukstumstundu skaits, bet 60 kDa dehidrinu kodgjoso génu ekspresiju ictekmé
arl sausuma izraisitais stress.
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TEMPERAT URAS IETEKME UZ KR UMMELLE NU FENOLOGISKO
ATTISTIBU

Bitiskas atSkiribas pa gadiem un starp krimmellenu Skirn€m konstatgtas
ziedeSanas sakuma fazg, ogu ienakSanas laikam un razoSanas perioda ilguma.
Nebitiskas atSkiribas pa gadiem un starp Skirn€m konstattas ziedpumpuru
brieSanas faze un ziedesanas perioda ilguma.

Ziedpumpuru brieSanas laiks. Krimmellepu ziedpumpuru brieSana
atkariba no gada, sakas marta beigds — aprila sakuma, kad gaisa vidgja
temperatiira bija augstaka par 2.4 °C, bet efektivas temperatiiras summa (ETS)
bija robezas no 0.4 Iidz 21°C. Augstajam krimmellenu Skirném ‘Blueray’,
‘Bluejay’ un pusaugstai krimmellenu Skirnei ‘Northblue’ novérotas lielakas
ziedpumpuru brieSanas laika svarstibas pa gadiem.

Ziedpumpuru brieSanas laiku biitiski ietekmgja Iidz brieSanas laikam
uzkrata efektivas temperatiiras summa (ry, = 0.93; p < 0.05 ) un dienu skaitu no
gada sakuma, kad vidgja diennakts temperatira ir virs 5 °C (ryx = 0.95;
p < 0.05), kas liecina par auga piespiedu miera perioda beigam un gatavibu
uzsakt vegetaciju. Pazeminoties ziedpumpuru ziemcietibai, ziedpumpuru
briesanas laiks var aizkavéties, uz ko norada vaja, negativa, bet biitiska So abu
parametru sakariba (ryx = -0.26; p < 0.05).

ZiedeSanas akuma laiks. Krimmellenu $kirnes ziedét sak gada 126. lidz
134. diena (no maija pirmas dekades vidus lidz maija otras dekades vidum),
kad ETS sasniegusi 127 Iidz 198 °C. Zied€Sanas sakumu bitiski ietekme
uzkrata efektivas temperatiiras summa ziedéSanas sakuma faze (ryx = 0.88;
p < 0.05), ka arT dienu skaits, kad videja diennakts temperatiira no ziedpumpuru
brieSanas laika Iidz zied€Sanas sakumam parsniedza 5 °C (ryx = 0.89; p < 0.05).
Netika konstatéta biitiska sakariba starp kriimmellenu ziedeéSanas sakuma laiku
un ETS ziedpumpuru briesanas laika.

Pusaugsto krimmellenu Skirpu vidi nebija noverotas biitiskas atSkiribas
ziedéSanas sakuma (51 tipa Skirnes ziedéSanu uzsak vienlaicigi). Bitiski
atSkirigs zied€Sanas sakums novérots augsto krimmellenu Skirnu starpa; pie
kam augsto kriimmellenu Skirne ‘Jersey’, salidzinagjuma ar pargjam, ziedgja
visvelak.

ZiedeSanas ilgumsir nozimigs faktors, jo pie ilgakas zied€Sanas salnu
apstaklos pastav iesp&ja saglabat kaut dalu no razas. Nov€rojuma gados
kriimmellenu ziedesana ilga 9 Iidz 23 dienas (no maija pirmas dekades beigam
lidz junija vidum).

Ziedesanas ilgumu butiski ietekmgja uzkrata ETS ziedeSanas beigas
(ryx = 0.46; p < 0.05)un ziedeSanas laika (ryx = 0.65; p < 0.05), bet ETS
ziedéSanas sakuma un vidgja diennakts temperatiira ziedéSanas laika butiski
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neietekméja Skirnu zied€Sanas ilgumu. Sakaribu esamiba pierada ETS bitisko
lomu kriimmellenu Skirpu ziede$anas perioda ilguma, jo 2010. gada ziedeSanas
sakuma ETS bija augstaka neka 2009. vai 2011. gada, bet ziedeSanas laika
2011. gada vidgja gaisa temperatiira bija augstaka neka 2009. un 2010. gada.

Ogu iemakSanas laiks veértéts &etru gadu perioda no 2008. Iidz
2011. gadam, kas starp skirném bija butiski atSkirigs, ar 10 Iidz 37 dienu
starpibu starp agrinakajiem un vélinakajiem genotipiem. Arl pa gadiem
atskiribas bija bitiskas (p = 0.00), kas norada meteorologisko apstaklu ietekmi
uz krimmellenu fenologisko attisttbu. No ziedéSanas sakuma lidz ogu
ienakSanas sakumam paiet 59 Iidz 79 dienas (no agrakajam Iidz vélinakajam
Skirném). Tsakais $is periods bija augstai kriimmellenu Skirnei ‘Duke’ (vidgji
59 dienas), bet garakais Skirnei ‘Jersey’ (vidgji 79 dienas). Pirmo kriimmellenu
razu vac jilija beigas — augusta pirmas dekades beigas (atkariba no Skirnes).

Krimmellenu Skirpu ogu ienakSanas laiku btiski ietekm& ETS ziedgSanas
fazes beigas (ryx = 0.46; p < 0.05) un ETS ogu ienakSanas laika (r,x = 0.38;
p < 0.05). Pretgji gaiditajam, videja diennakts temperatira laika posma no
ziedeSanas sakuma Iidz ogu ienaksSanas laikam butiski neietekméja pirmo ogu
razas vaks$anas laiku.

Visos cetros pétjjuma gados Skirném ‘Patriot’, ‘Polaris’, ‘Northblue’,
‘Northland’ un ‘Chippewa’ ogas ienacas vidgji agri, turklat vienlaicigi. Arl
‘Duke’ abos razas gados, ogas iendcas vidgji agri. Skirnes ‘Blueray’ un
‘Bluecrop’ bija ar vidgji vélu ogu ienaksanas laiku. Visos pétljuma gados velu
ogas ienacas skirnei ‘Jersey’.

RazoSanas perioda ilgumsstarp Skirném bija batiski atSkirigs
(p = 0.00) ar 13 Iidz 27 dienu starpibu, atkariba no gada un Skirnes. Augsto
krimmellegu $kirpu razoSanas ilgums pétfjuma gados bija 1 Iidz 27 dienas.
Visisakais razoSanas periods trijos no Cetriem pétljuma gadiem bija Skirnei
‘Jersey’ (2009. gada — 6 dienas, bet 2010. un 2011. gada §is Skirnes ogas
nogatavojas vienlaicigi un tika novaktas viena reiz€). Garakais razoSanas
periods augsto krimmellenu grupa bija Skirnei ‘Patriot’ (vidgji 24 dienas).
Pusaugsto krimmellenu Skirnu razosanas ilgums visos novérojuma gados bija
no 18 Iidz 30 dienas, vidgjais razoSanas ilgums atkariba no gada vid&ji bija
23 dienas (‘Northland’, ‘Polaris’) lidz 27 (‘Northblue’) dienas (2. tabula).
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2. tabula / Table 2
Kr ammellenu Skir nu vidgjais razoSanas perioda garums, dienas /
The average duration of production period of blueberry cultivars, days

1 . Gads / Year R

Skirne / Cultivar 2008 12009 12010 T 2011 Vidgji / Average
Jersey 21 6 1 1 7
Bluejay 18 6 10 23 14°
Bluecrop 30 20 10 8 17
Spartan 21 27 8 15 18%°
Blueray 26 14 10 26 19
Duke n.d. 21 18 n.d. 20°
Northland* 30 21 18 22 23¢
Polaris* 30 21 18 22 23¢
Patriot 30 27 18 22 249
Chippewa* 30 27 18 22 24°
Northblue* 30 21 18 37 27¢
Videji gada / Average in year 27 19 13 20

RS0 / LSDyee | 2.54

*V. corymbosumx V. angustifolium;* °- burti apzimé batiski at3kirigas
(p < 0.05) datu grupas / the letter marked significantly different (p < 0.05)
group of datan.d. — nav datu / not data

RazoSanas perioda ilgumu bitiski ietekm& ETS ogu ienakSanas laika
(ryx = -0.65; p < 0.05) un vidgja diennakts temperatiira razoSanas perioda
(ryx= -0.32; p < 0.05), kas liecina, ka raZoSanas periods pagarinas, ja uz ogu
ienakSanas sakumu uzkrats mazaks ETS un razoSanas perioda bijusi zemaka
vidgja diennakts temperatiira. Konstatgts, ka razoSanas periodu biitiski saisina
uzkrata ETS raZzoSanas perioda (ryx = 0.84; p < 0.05).

KRUMMELLE NU RAZA UN TAS KVALIT ATE

Raza. Krimmellenm ogas ienacas nevienmérigi. Razu, atkariba no
gada un krimmellenu $kirnes, vaca 1 1idz pat 6 reizes. Skirném ‘Chippewa’ un
‘Northland’ divos pétjjuma gados bija augsta raza, bet Skirnei ‘Blueray’ divos
pétijuma gados bija neliela raza (0.70 un 0.76 kg no kriima). 2010. gada zema
raza iegita Skirn€m ‘Jersey’ un ‘Bluecrop’ (attiecigi 0.45 kg un 0.32 kg kriima’
1. Ar augstu razibu visos novérojuma gados izcglas Skirne ‘Patriot’, neskatoties
uz to, ka videja raza pa gadiem svarstijas no 2.55 Iidz 6.00 kg no kriima.
Pargjas skirnes visos pétijuma gados uzradija vid&ju razibu (3. tabula).
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3. tabula / Table 3
Kr ammellenu Skir nu raZa petijuma perioda, kg no krama /

The yield of blueberry cultivars during the period of research, kg per bush

% . . Gads/ Year - Raziba /
Skime / Cultivar 556000 2010 | 2011 X Productivity
Jersey 1.34 0.94 0.45 0.55 0.82° Zema / Low
Bluejay 1.05 2.04 082 | 061 | 1.13%®
Duke n.d. 1.75 086 | nd. | 1.31%®
Blueray 0.70 0.76 n.d. 2.86 1.44%
Northblue* 1.44 1.48 1.89 | 1.06 | 1.47° | Vidgja/Middle
Bluecrop 1.58 3.47 032 | 1.03 | 1.60®
Polaris* 2.44 2.35 096 | 1.24 | 1.75®
Spartan 1.21 431 045 | 1.77 | 1.94°
Northland* 4.12 5.27 1.08 | 1.63 | 3.03°
Chippewa* 3.68 4.12 297 | 1.81 | 3.15° | Augsta/High
Patriot 4.08 6.00 255 | 3.04 | 391°
X | 2.20 2.95 1.37| 1.50 2.01
RSo: /LSDyee | 3.62

* V. corymbosum x V. angustifoliun™ " burti apzimé biitiski atskirigas

(p < 0.05) datu grupas / the letter marked significantly different (p < 0.05) group of

data; n.d. — nav razas / not yield

Zemas dzinumu un ziedpumpuru ziemcietibas rezultatd Skirnei ‘Duke’
2008. un 2011. gada, ka ar1 Skirnei ‘Blueray’ 2010. gada raza netika uzskaitita.
Lai gan 2008. gada ‘Duke’ uzradija augstu ziemcietibu (8 balles), bija vérojama
ieprick§gja gada ziemoSanas un augSanas apstaklu pécietekme (Skirnei
2007. gada nebija noveroti ieriesusSies ziedpumpuri). Art 2011. gada ‘Duke’
uzradija zemu ziemcietibu, noveroja ieriesusos ziedpumpuru attistibu
traucgjumus un ziedi nobira. Skirnei ‘Blueray’ 2010. gada bija cietusi lidz 80%
ziedpumpuru, atlikuso ziedpumpuru attistiba bija traucéta, ka rezultata ziedi
nobira. Iepriek§€ja gada dzinumu un ziedpumpuru ziemcietiba neietekméja
konkreta gada razu, bet, konstatets, ka 2010. un 2011. gada razu bitiski
ietekméja razoSanas gada ziedpumpuru ziemcietiba (attiecigi, r,x = 0.59;
p <0.05 un ry, = 0.66; p < 0.05).

Krimmellenu raza batiski atskiras starp trim nov@rojuma gadiem,
nebiitiskas atSkiribas bija konstatetas starp 2010. un 2011. gada razam. Uz
krimmellenu razu butiski augstako ietekmi atstaja Skirnes faktors
(W*% = 47.7), nozimigs bija ari gada ka meteorologisko apstaklu faktors
(M*% =23.2).

Krammellenu raZas vak§anas reizu skaitu biitiski ietekméja ETS (ry,= 0.69;
p < 0.05) un vidgja diennakts temperatlira (ryx = -0.44; p < 0.05) raZoSanas
perioda, ka arT ETS ogu ienakSanas sakuma (ry, = -0.79; p < 0.05). Tatad razas

20



vaksanas reizu skaits samazinas paaugstinoties ETS ogu ienaksanas sakuma un
vidgjai diennakts temperatiirai raZoSanas perioda, un palielinas; palielinoties
akumulétajam ETS razoSanas perioda.

Ogu videja masa un lielums.Ogas vidéja masa bija bitiski atSkiriga pa
gadiem un starp Skirnem (p = 0.00). Lielaka dala petijuma ieklautas
krimmellenu Skirnes vertgjamas ka skirnes ar vidéju ogu masu (no 1.5 lidz
1.9 g). Japiezimg, ka Skirnei ‘Northland’ pétfjuma laika ogu vidg€ja masa varigja
no lielas (2010. gada) Iidz mazai (2009. gada).(4. tabula).

Vertgjot razas ietekmi uz ogu vidéjo masu; pa atseviskiem novérojuma
gadiem ta nav bitiska, tomér konstatéta negativa vaja, bet bitiska
(ryx = -0.21; p < 0.05) sakariba starp razas lielumu un ogas vid&o masu pa
noveérojuma gadiem liecina par tendenci, ka palielinoties razai, ogu vidgja masa
nedaudz, bet tomér samazinasies.

Nevienu no pétfjuma ieklautajam Skirném nevargja iedalit 6. ogu lieluma
grupa (loti lielas ogas, > 20 mm) vai 1. grupa (loti mazas ogas,
< 9mm). Krimmellenu Skirnes ‘Bluejay’, ‘Jersey’, ‘Blueray’, ‘Spartan’,
‘Polaris’, ‘Bluecrop’ un ‘Northblue’ ogas vert€§jamas ka vidgja izmeéra,
12.1 — 15 mm (3. grupa), bet Skirnu ‘Patriot’ un ‘Duke’ ogas iedalamas
4. grupa, jo vidgjais ogu liclums bija 15.1 — 18 mm.

4.tabula/ Table 4
Kr ammellenu ogas vidja masa [gtijjuma perioda, g /
The average berry weight of blueberry cultivars during the research period, g

Skirne / Cultivar 3008 2((})%%5 / Y2e Oalro TR X | Ogu masa/ Berry weight

Jerse 1.1 1.1 1.8 1.4 1.3%

Northimnd® 16 | 1.1 | 18 | 13 | Lsa Zema [ Low

Bluejay 1.3 1.6 18 | 19 | 1.6°

Blueray 1.9 13 | nd | 17 [ L6

Chippewa* 1.6 1.8 16 | 18 | 1.7

Polaris* 1.8 1.4 19 |17 1.7 Vidéja / Middle

Spartan 2.0 1.3 19 | 1.8 [ 18™

Northblue* 22 1.7 1.8 | 1.5 [ 1.8™

Bluecrop 1.9 1.3 24 | 22 ] 199

Duke n.d. 1.5 25 | nd. [ 2.0° Liela /L

Patriot 22 | 15 | 24 | 20 | 2.0° iclarLarge
X | 18 1.4 20| 17| 17

RS).OE / LSDJ.OE 072

* V. corymbosum x V. angustifoliun® °— burti apzimé bitiski atskirigas
(p < 0.05) datu grupas / the letter marked significantly different (p < 0.05) group of
data; n.d. — nav razas / not yield
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Pretgji gaiditajam, neviena no novérojuma gadiem nepieradijas bitiska
sakariba starp kriimmellenu razu un ogu lielumu, bet 2008. un 2010. gada
konstatéta biitiska vaja (ryx = 0.412; p < 0.05) Iidz vid&ji cieSa (ry = 0.678;
p <0.01) sakariba starp ogas vid&jo masu un ogas lielumu, kas norada uz to, ka
lielakam ogam ir lielaka masa.

TEMPERAT URAS IETEKME UZ KR UMMELLE NU OGU
BIOKIMISKO SASTAVU

Kopgjais antocianu (AC) saturs odis. Krimmellenu $kirpu ogas
kopgjais antocianu saturs biutiski atSkiras (p < 0.00). 2008. gada razosanas
perioda kop€jo antocianu saturu ogas ietekmga gan vidéja diennakts
temperatiira (ryx = 0.21; p < 0.01), gan ETS raZoSanas perioda (ryx = 0.77;
p < 0.05), 2010. gada kopgjo antocianu saturu krimmellenu ogas batiski
ietekméja ETS raZoSanas perioda (ryx = 0.69; p < 0.05), bet 2011. gada
razoSanas perioda vidgja temperatira un ETS neatstaja butisku ietekmi uz
kopgjo antocianu saturu krimmellenu ogas, kas varétu biit skaidrojams ar citu
faktoru ietekmi.

Kopgjo fenolu saturs (FS) o@s bitiski atskiras (p = 0.00) dazadu
krimmellenu Skirnu ogas. RazoSanas perioda vidgja diennakts temperattira un
uzkrato efektivo temperatiiru summa (ETS) kopg&jo fenolu saturu ogas bitiski
ietekméja tikai 2008. gada (attiecigi, ryx = 0.22 un 1y = 0.76; p < 0.05), kas
norada uz tendenci, ja raZzosSanas perioda laika biis zemakas vidgjas diennakts
temperatliras un uzkrata mazaka efektivo temperatiiru summa, kop&jo fenolu
saturs krimmellenu ogas biis augstaks.

Askorbinskabes (AS) saturs.Vidgjais askorbinskabes saturs atseviskam
$kirném bija augstaks par 13 mg 100 g (‘Chippewa’, ‘Spartan’, ‘Northland” un
‘Blueray’), ka ar1 konstatétas biitiskas atSkiribas (p = 0.00) starp krimmellenu
$kirném. Skirpu ‘Jersey’, ‘Northblue’ un ‘Patriot’ ogas askorbinskabes saturs
pa gadiem bija mazak svarstigs neka pargjam Skirném. Korelacijas analize
pieradija bitisku razoSanas perioda uzkrato ETS ietekmi uz askorbinskabes
saturu visos gados, turklat 2008. gada ta bija negativa (ryx = -0.50; p < 0.05).

Skisto&is sausnas (SS) saturs agkrimmellenu $kirnu ogas bija bitiski
atskirigs (p = 0.04), tomér §1s atSkirbas bija mazakas neka kop€jo antocianu,
fenolu un askorbinskabes saturam. Stabils §kisto$as sausnas saturs pa gadiem
bija Skirn€m ‘Blueray’, ‘Bluejay’ un ‘Bluecrop’; pargjam pétijuma ieklautajam
Skirn€m S$is raditajs bija svarstigs, bet skirném ‘Northblue’ un ‘Polaris’ pa
gadiem tas svarstijas no augsta lidz zemam saturam. Skisto§as sausnas saturu
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2008. gada biitiski ietekméja gan vidgja diennakts temperatiira (ryx = -0.22), gan
efektivas temperatliras summa raZoSanas perioda (ryx = -0.34), ar bitiskumu
p < 0.05, lai gan sakariba starp pétitajiem faktoriem bija vaja un negativa.
2010. gada Skistosas sausnas saturu bitiski ietekm&ja ETS razoSanas perioda
(ryx = 0.79; p < 0.05), bet 2011. gada videja diennakts temperatiira razoSanas
perioda (ry,= -0.42; p <0.05).

Titr ejamas skabes (TS) saturs o@s bija butiski atskirigs (p < 0.00).
2008. un 2010. gada noverota negativa vidgji ciesa ETS razoSanas perioda
ietekme uz titr&jamas skabes saturu (attiecigi, 1y = -0.63; p < 0.05 un
ryx = -0.61; p < 0.05), bet 2011. gada starp Siem faktoriem konstatéta biitiska
vaja pozitiva (ry, = 0.46; p < 0.05) sakariba. 2011. gada titr&jamas skabes saturu
butiski negativi ietekmé&ja vid€ja gaisa temperatiira razoSanas perioda
(ryx=-0.35; p < 0.05).

Bitiskako ietekmi uz ogu biokimiska sastava raditajiem pa gadiem atst3j
ETS raZzoSanas perioda (seviski uz askorbinskabes saturu ogas). Negativas
butiskas sakaribas liecina par to, ka palielinoties efektivo temperatiiru summai,
askorbinskabes, Skisto$as sausnas un titr€jamas skabes saturs kriimmellenu
ogas samazinas. Atseviskos noveérojuma gados askorbinskabes, SkistoSas
sausnas un titréjamas skabes saturu krimmellenu ogas ietekméja ar1 vidgja
gaisa temperatiira razoSanas perioda laika.

Krammellenu Skirpu ogu bidkimiska sasfiva atXiribas. Péc
biokimiska sastava krimmellenu $kirnu ogas bitiski atskiras. Skirnu “Jersey’,
‘Northland’ un ‘Northblue’ ogas bija visaugstakais kop&jo antocianu saturs
(no 123.7 lidz 133.5 mg 100 g), augsts kop&jo fenolu (FS) saturs konstatéts
pusaugsto kriimmellenu Skirnu ‘Northland” un ‘Northblue’ ogas, attiecigi 312.4
un 297.8 mg 100 g'l. Augstakais vid€jais askorbinskabes (AS) saturs bija skirnu
‘Blueray’, ‘Northland’ un ‘Spartan’ ogas (13.5 — 14.5 mg 100 g'l), zemakais —
‘Bluecrop’ ogas (11.1 mg 100 g'l), bet augsts $kistosas sausnas (SS) saturs
konstatéts augsto krimmellenu skirnpu ‘Jersey’ un ‘Spartan’ ogas (12.5 un
12.2 mg 100 g) (5. tabula).
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5. tabula / Table 5
Biokimiska sasfiva raditaji kr ammellenu Skir nu ogas/
The parameters of biochemical composition of blueberry cultivars fruits

- . AC/AC FS/PC AS/AA §s/ss TS/ TA
Skime / Cultivar mg 100 g! mg 100 g! mg 100 g! °Brix mg 100 g!
Bluecrop 88.1° 271.6° 11.1° 11.5° 1.01%
Bluejay 101.47 262.1° 11.9° 11.4° 1.40"
Blueray 97.7% 280.1° 14.5° 10.9¢ 1.02¢
Chippewa* 78.6° 252.7° 13.3° 10.3° 0.89™
Jersey 123.7° 261.4° 12.2% 12.5" 0.96°
Northblue* 133.5 297.88 12.6™ 11.6" 0.75"
Northland* 131.5" 312.4" 13.8° 10.6° 0.79°
Patriot 95.1° 261.2° 13.0° 10.4° 0.91%
Polaris* 94.1° 222.3° 12.3% 10.8° 0.88°
Spartan 93.1° 286.4 13.5° 12.2¢ 0.95%
p-vertiba / 0.000 0.000 0.000 0.043 0.000
p-value

* V. corymbosumx V. angustifolium ® °— burti apzimé butiski atkirigas
(p < 0.05) datu grupas / the letter marked significantly different (p < 0.05)
group of data

Pretgji gaiditajam, ogas vid€jai masai nav saistibas ne ar vienu no
biokTmiskajiem raditajiem, bet ogas lielums ir savstarpgji saistits ar
askorbinskabes saturu (ry, = -0.448; p < 0.05). To varétu izskaidrot tadejadi, ka
augstakais askorbinskabes saturs ir mizinas, jo mazaka oga, jo lielaks mizinas
Tpatsvars kop€ja masa, jo lielaks askorbinskabes saturs. Neesosa sakariba starp
ogas masu un biokimiska sastava raditajiem liecina, ka kriimmellenu Skirnes ar
lielam ogam ir ar augstvertigu bioktmisko sastavu.

Salidzinot biokimiskos raditajus ar citur pasaulé iegitajiem rezultatiem,
Latvijas apstaklos krimmellenu Skirnes ir lidzvértigas, tomér paradas tendence,
ka Latvijas apstaklos krimmellenu Skirpu ogas lielaks ir titr&jamas skabes un
Skistosas sausnas saturs.

INTEGRETAIS KR UMMELLE NU SKIRNU NOVERTEJUMS

Integrétais novertejums péc 16 pazimém liecina, ka péc 7 nozimigam
pazimém: augstu dzinumu ziemcietibu, vidgji agru ogu ienaksanas laiku, garu
razosSanas periodu, augstu razibu, izlidzinatam ogam un augstu askorbinskabes
saturu ogas (iznemot ‘Northblue’), izcelas augsto krimmellenu Skirne ‘Patriot’
un divas pusaugsto krimmellenu Skirnes ‘Chippewa’ un ‘Northblue’; pie kam
abam pusaugsto krimmellenu Skirn€m noverota arT augsta ziedpumpuru
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ziemcietiba. Skirne ‘Northland’ noderiga péc 6 pazimém,

no kuram

nozimigakas ir augstd augsta raziba un izlidzinatas p&c lieluma ogas. Skirne
‘Jersey’ noderiga blis pec 5 pazimém, nozimigaka ir augsta dzinumu
ziemcietiba, ka ar1 véla ziedeSana un velais ogu ienaksanas laiks (6. tabula).

6. tabula / Table 6

Kr ammellenu Skir nu novert gjums pec 16 paimem /

The blueberry cultivars evaluation by 16 traits

Skirne / Pazimes / Traits

Cultivar [1[2[3]4[5]6]7[8]9f10]11][12]13]

14 15] 16

7 pazimes / 7 traits

Patriot | - | - | - - - - - - -
Chippewa - |- - - - - - - R
Northblue | - | - | - - - | - N N

6 pazimes / 6 traits

Noriand | - [~ [~ [0 -1 - LI [ S -1 -1~
5 pazimes / 5 traits

Jersey [ - [ - [ [-[ [-]-[-[-]-] -] - |-

4 pazimes / 4 traits

Bluejay - - - - - | - R R N N N

Spartan | - - - -

3 pazimes / 3 traits

Blueray - |- Sl - -] - - - - - - - -

Duke | - | - | - - - - - - - - R R -
2 pazimes / 2 traits

Bluecrop - |- Sl - - - - - - - - R R R

Polaris | - | - | - - -] - - - - - - R - -

[ 8kirnei piemit dota pazime / cultivars have that trait

Pazimes / Traits
1. Stavs kriima habituss / Upright bush habit.
Agrs ziedesanas sakums / Early beginning of blossom.
VEls ziedesanas sakums / Latebeginning of blossom.
Vidgji agra ogu ienaksanas / Middle berry ripening.
Véla ogu ienak$anas / Lateberry ripening.
Gar$ razoSanas periods / Long ripening period.
Liela vienas ogas masa / Large one berry weight.
Lieluma izlidzinatas ogas / Uniform size of berries.
9. Augsta raziba / High productivity.
10. Augsts askorbinskabes saturs / High content of ascorbic acid.
11. Augsts antocianu saturs / High content of anthocyanins.
12. Augsts fenolu saturs / High content of phenol.
13. Augsts $kistosas sausnas saturs / High content of soluble solids.
14. Augsts titréjamas skabes saturs / High content of titrable acids.

NI

15. Augsta ziedpumpuru ziemcietiba / High winter hardiness of flower buds.

16. Augsta dzinumu ziemcietiba / High winter hardiness of shoots
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Skirném ‘Patriot’ un ‘Northblue’ piemit nozimigs trikums, tas veido
izplestu kriima vainagu, lidz ar to nepiecieSams vairak uzmanibas pieverst
krima veidoSanai. Pozitivais aspekts ir tas, ka vainags ir labak izsaulots, bet
sniegiem bagatas ziemas, $§ada veida krima forma pasargas augus no ziemas
sala bojajumiem. Kriimi ar izplestu vainagu ziemas beigas var izsust, ja uz
nesasalusas zemes veidojas bieza sniega sega.

Skirne ‘Duke’ izcelas ar lielu ogu masu un izlidzinatam ogam, bet tai
piemit loti butisks trikums — zema ziedpumpuru un dzinumu ziemcietiba, kas
padara So Skirni piemérotu audzeSanai tikai Ipasi labas vietas. Savukart skirne
‘Bluecrop’ izcelas ar stavu kriima formu, kas ir nozimiga pazime, jo razu bis
vieglak novakt un ogas bis tiras (6. tabula).
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SECINAJUMI

Meteorologisko apstaklu kopumam ziemoSanas perioda ir loti butiska
ietekme uz krimmellenu ziedpumpuru un dzinumu ziemcietibu, turklat
dzinumu ziemcietibas veido$ana meteorologisko apstaklu faktora
ietekmes T1patsvars ir augstaks neka ziedpumpuru ziemcietiba.
Krimmellenu Skirnei ka faktoram ar ir bitiska, bet neliela ietekme uz
krimmellenu ziemcietibu.

Sausnas un reduc€joso cukuru saturu krimmellenu viengadigajos
dzinumos ziemoSanas perioda ietekmé akumul&to aukstumstundu skaits.

Pirmie petijumi par dehidrinu kodg€joSo génu ekspresiju dabiska vide
augosu krimmellenu dzinumos liecina, ka 60 kDa dehidrinus kod&joso
génu ekspresiju ietekm& sausuma stress un gaisa temperatiiras
ziemoSanas laika, betl4 kDa dehidrinus kod&joso génu ekspresiju
bitiski ietekmg tiesi akumuléto aukstumstundu skaits.

Krimmellenu $kirném fenologisko fazu iestasanas sakumu un ilgumu
ietekm& efektivo temperatiru summa fazes iestasanas sakuma un
iepriek$gjas fenologiskas fazes beigas, turklat ziedeéSanas un razoSanas
perioda ilgumu ietekmé efektivas temperatiiras summa perioda laika.

Razu biutiski ietekm& razoSanas gada ziedpumpuru ziemcietiba.
Krimmellenu razas vakSanas reizu skaitu bitiski ietekm& akumuléto
efektivo temperatiru summa ogu ienaksanas laika un raZzosanas perioda,
ka arT vidgja diennakts gaisa temperatiira razoSanas perioda.

Razigakas krimmellenu Skirnes ir ‘Patriot’, ‘Chippewa’ un ‘Northland,
turklat skirne ‘Patriot’ ir ar lielam ogam. Ar lielam, izlidzinatam ogam
izcelas skirne ‘Duke’.

Biokimisko raditaju saturu krimmellenu ogas ietekm& efektivas
temperatiiras summa razoSanas perioda (seviski uz askorbinskabes
saturu  ogas).  Palielinoties  efektivo  temperatiru  summai,
askorbinskabes, S$kistos$as sausnas un titréjamas skabes saturs
krimmellenu ogas samazinas.

Krimmellenu krimu forma un augstums ietekmé dzinumu un
ziedpumpuru ziemcietibu, kas liecina, ka kriimiem ar lielaku augumu
nelabveligos ziemoS§anas apstaklos samazinas dzinumu un ziedpumpuru
ziemcietiba.

Krammellenu skirnes ‘Patriot’, ‘Chippewa’ un ‘Northblue’ ir noderigas
péc 7 noveértétajam pazimém, no 16 nozimigakajam pazimem. Skirne
‘Northland’ noderiga péc 6 pazimém, bet Skirne ‘Jersey’ péc
5 pazimém.
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INTRODUCTION

Fruit growing production in northern latitudes, including Latvia, is
limited by climatic factors. Therefore it is necessary to research the
development and growing characteristics of each introduced fruit plant.
Comprehensive research of Blueberry growth, development, and yield makes it
possible to choose the most suitable breed for specific growing conditions.

Research on highbush blueberry in Latvia started in 1967 in Salaspils
National Botanical Garden, resulting in the creation of 5 blueberry cultivars.
Information from available sources on blueberry production; productivity and
winter hardiness in Latvia is insufficient. Up to now there has been no
systematic and comprehensive evaluation and characterization of these
introduced fruit plants, thus limiting the possibilities of their practical
application.

Highbush blueberry is a relatively new fruit plant that was introduced in
Latvia, but it has already been planted in an area of around 200 hectares from
imported varieties for commercial production. Experience in growing highbush
blueberry in different countries is available. Although Poland, Germany and
Lithuania as well as some states in the United States of America (USA), have
similar agro-climatic conditions, it is necessary to check growth, development,
winter hardiness and productivity of each blueberry variety specifically under
Latvia’s climatic conditions, since all research indicates that blueberry winter
hardiness and productivity depend on site-specific agro-climatic conditions.

Inadequate winter hardiness and sensitivity to spring frosts are two main
genetic limitations of blueberry varieties. In the southern states of the USA the
most significant blueberry crop losses are caused by cold spring weather, while
in northern regions (including Latvia) most significant blueberry crop losses are
caused by winter itself. Ideally, blueberries should quickly acclimatize in
autumn, maintain high winter hardiness during the winter and slowly
deacclimatize in spring or in an unusually warm winter.

Plant acclimatization at low temperatures has been widely studied, but
ongoing physiological processes and their role in the process of developing
cold and frost tolerance is still unclear during acclimatization. The role of
carbohydrates is known in raising winter hardiness, the genes of dehydrin
proteins responsible for frost tolerance and winter hardiness of plants are
known, but there is insufficient information on the amount of reducing sugars
and dry matter content in blueberry shoots during overwintering, and there is
still ongoing research being carried out on the role of dehydrins in cold
resistance and frost resistance in blueberry varieties.
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Hypothesis

Temperature in winter and vegetation period significantly affects winter
hardiness; phenological development; productivity and quality of fruit of the
highbush blueberry (Vaccinium corymbosuin.).

The aim of the research

To describe highbush blueberry winter hardiness, yield and crop quality,
biochemical composition depending on climatic conditions. To describe
morphological characteristics of highbush blueberry varieties; and evaluate the
suitability of highbush blueberry varieties for cultivation under Latvia’s agro-
climatic conditions.

The tasks of the research

1. To evaluate the temperature’s influence on the winter hardiness of floral
buds and shoots of highbush blueberry cultivars.

2. To determine the levels of dry matter and reducing sugars in one-year-old
shoots of blueberry cultivars during overwintering in different
temperatures and correlation of dry matter and reducing sugar levels with
winter hardiness.

3. To determine the relation between dehydrin expression levels and air
temperature in one-year-old shoots of blueberry cultivars during
overwintering and winter hardiness in relation to those levels.

4. To describe air temperature and the sum of effective temperatures effect on
highbush blueberry phenology.

5. To evaluate the yield and its parameters of quality (fruit weight and size,
biochemical content) depending on the climatic conditions of the year.

6. To give an integrated assessment of blueberry cultivars

The novelty of the research

The evaluation of the air temperature’s influence of winter hardiness and
productivity on eleven highbush blueberry (Vaccinium corymbosuni.)
cultivars has been performed for the first time in Latvia. The relation between
reducing sugars, dry matter in shoots and winter hardiness has been established.
The 14 kDa and 60 kDa dehydrin expression during wintering period under
field conditions in one-year-old shoots of the blueberry cultivars has been
established. For the first time biochemical analysis of highbush blueberry fruits
has been carried out to map the correlation between biochemical content and
agro-climatic conditions. Integrated assessment has been carried out for all
eleven highbush cultivars.
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The importance of the results

Winter-hardy productive highbush blueberry cultivars with a high level
of functionally active substances have been established.

The content of dry matter and reducing sugars, expression of dehydrin
genes (14 kDa un 60 kDa) in one-year-old shoots of the blueberry cultivars and
their correlation with cold and frost resistance have been established.

Description of the eleven highbush blueberry cultivars introduced in
Latvia has been made.

The results of the study can be used in:

- choosing more productive or more cold resistant highbush
blueberry cultivars for specific fruit-growing zone;

- developing a genetic database of highbush blueberry resources.;

- determining the role of dehydrin in highbush blueberry cold and
frost resistance;

- further studies of physiological processes in highbush blueberry
cultivars.

Research results have been collected and reflected in 10 publications in
Latvian and English languages, including reviewed international publications at
international conferences, congresses, symposiums, and scientific seminars.
Research results have been presented in 6 oral reports and 6 poster
presentations at international conferences, congresses, symposia and seminars.

Research has been carried out owing to the funding of the Ministry of
Agriculture projects No. F-L147 and K17.04/10 part “Blueberries and
cranberries”, Latvian Council of Science project No. 09.1465.

Part of the research and publications were developed with support of the
European Social Fund activity “Support to Doctoral studies” project “Support
to the implementation of LLU doctors”. Contract  No.
2009/0180/1DP/1.1.2.1.2/IPIA/VIAA/017.

MATERIALS AND METHODS

Trial place, object and agrotechnologyThe trial was carried out at the
training and research facilities of the Institute of Agrobiotechnology of the
Faculty of Agriculture, Latvia University of Agriculture in Jelgava in 2007.
A collection of blueberries was established in the autumn of 2002, using one-
year and two-year-old plants.

The object of the trials was eleven highbush blueberry cultivars,
representing Vaccinium corymbosumL. (‘Duke’, ‘Blueray’, ‘Bluejay’,
‘Bluecrop’, ‘Jersay’, ‘Patriot’” un ‘Spartan’) and V. corymbosum x
V. angustifoliumhybrids (‘Chippewa’, ‘Northblue’, ‘Northland’, ‘Polaris”).
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Highbush blueberry cultivars ‘Jersey’, ‘Chippewa’, ‘Bluecrop’, ‘Patriot’,
‘Northland’, “Northblue’, ‘Polaris’ and ‘Blueray’ were planted in the autumn of
2002 (August — September) using two-year-old pants grown from meristem
which was imported from the USA. The cultivars ‘Spartan’ and ‘Bluejay’ were
planted in the spring of 2003 using two-year-old plants, acquired from
meristem plants from the facility in Ogre, but the cultivar ‘Duke’ was planted
in the spring of 2003 using one-year-old plants.

All plantations were made in furrows (50 cm deep and 50 cm wide) of
continuous-cultivated soil filled with acidic peat. Tending work included:
pruning damaged and bush thickening branches, weeding, mowing, line
spacing, watering, and the placing of guarding nets at harvest time.

Meteorological conditions. The winter of 2006/2007 experienced large
temperature fluctuations and inconsistent snow cover (the average air
temperature in December 2006 was 7 degrees higher than its long-term
average, but in February 2007 temperatures dropped to -29.7 °C). Distribution
of precipitation in the growing season of 2007 was even. Winter periods of
2007/2008 and 2008/2009 had very stable temperatures (no rapid temperature
changes were observed). Vegetation period of 2008 had a smaller amount of
precipitation and it was slightly cooler. April and May of 2009 had the least
amount of precipitation. The winter of 2009/2010 was characterized with low
temperatures and stable snow cover which is unusual for Latvia. The vegetation
period of 2010 was very warm and rich in precipitation (air temperature was
3 degrees above the long-term average). The first half of the winter in
2010/2011 had a stable temperature, and thick snow cover, but the second half
(from January 2011) had high temperature fluctuations (an eight day period of
thaw was observed). In the vegetation period of 2011 the average air
temperature was similar to that of 2010.

Assessment methods of materialWhen establishing morphological
characteristics, damage caused by unfavourable weather conditions, the yield,
weight of 100 berries and quality of berries. The results were derived by
averaging together scores from individual bushes, but the biochemical contents
were taken from combined examples of berries. All characteristics were
assessed in points from 0 to 9 in accordance with UPOV (TG 137/3) and in
metric scale.

Highbush blueberry winter hardiness over the period from 2007 to 2011
was determined by means of a scale for field conditions, developed by the
researchers of the Institute of Agrobiotechnology, establishing the level of
damage to flower buds and shoots.
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Winter hardiness was evaluated in the period from the beginning of
vegetation to the middle of June:

flower buds winter hardinesswas evaluated using a 10 point scale,
where 9 indicated no signs of damage, 5 — damaged 41 — 61% flower
buds damaged, 1 — all flower buds damaged, 0 — plant completely
dead.

shoots winter hardinesswas evaluated using a 10 point scale, where
9 indicated no signs of damage, 1 — plant was dead up to the line of
snow, 0 — plant was completely dead.

Additionally in the winter period of 2010/2011 the following winter
hardiness parameters were determined:

content of dry matter in one — year old shoots, a difference in weight
before and after drying was found. Samples were subjected to drying
in a drying oven for 72 hours at 40 °C (or longer until the weight did
not change). Defined as g 100 g'l;

content of reducing sugarsin one year old shoots. Reducing the
sugar content, determined by the Bertran method based on sugar
aldehyde and ketone group oxidation (reducing sugar) by boiling
Fehling's solution in the presence of a reagent (alkaline copper oxide
solution). The resulting indicators are used in the calculation of the
amount of reducing sugars in g 100 g in dry matter (ILnemkos, 1976).
Reducing sugar content was determined at the Institute of Soil and
Plant Science;

expression of 14 and 16 kDa dehydrin®NA was extracted from
collected samples and the concentration of RNA was measured using
the spectrofluorimetric method. Real-time PCR relative quantification
was used to characterise differences in gene expression between
samples. This method compares samples to an arbitrarily chosen
reference sample. The analyses were done at the Latvian State Forest
research Institute ,,Silava”

For the determination of chill units (CU) during the wintering season in
2010/2011 the Utah model (Richardson, Seeley, Walker, 1974) was used.

Highbush blueberry cultivars were assessed for the following
characteristics:
Phenology(assessment done from 2009 to 2011)
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flower buds developmenttime measured in number of days after the
first of January;
beginning of flowering time measured in number of days after the
first of January;
flowering duration measured in days, counting from the beginning of



flowering till dropping off petals;
- berry ripening time evaluated in days from the first of January till the
first harvest when 50 — 75% berries had changed their colour;
- duration of production evaluated in days from the first harvest till the
last.
Berry ripening time and duration of production was observed in the years
2008 —2011.

Yield and quality of yield (assessment done from 2008 to 2011):

- yield, defined as total yield, kg per bush;

- average weight of berry,taken weight of 100 berries and divided by
100, in grams.

- size of fruit; presented as 6 groups, were a sample of 100 berries was
divided in groups according to their size. Group 1: very small berries
(< 9mm); group 2: 9.1 — 12 mm, group 3: 12.1 — 15 mm,
group 4: 15.1 — 18 mm, group 5 — large berries, 18.1 — 20 mm,
group 6: very large berries (> 20 mm).

Biochemical composition (assessment done in 2008, 2010 and 2011)
determined in frozen berries (after harvesting berries were frozen, stored at a
temperature of -20 °C + 2°C and analyzed after 5 months):

- the total anthocyanin content(AC) in berries was determined using
the spectrophotometer UV-1650 at a light wavelength of 535 nm,
mg 100g™" (Moore, Karp; poldma et al., 2005);

- the content of ascorbic acid$AA) was determined by titration with a
0.05 M iodine solution (Moore, Karp; poldma et al., 2005), mg 100g™;

- the content of soluble solid¢SS) of fruit juice was determined with a
digital refractometer ATAGO N20 (instrument error of £ 0.1%) at
20 °C, °Brix;

- the content of titrable acidity (TA) was determined by the titration
method (LVS EN 12147:2001 A), mg 100g™;

- the total phenolic content (PC) was determined using the
spectrophotometer UV-1650-PC at a wavelength of 765 nm, with
Folin-Deniss reagent (Singleton Orthofer, Lamuela-Raventos, 1999),
mg 100g™.

Biochemical analyses were carried out in the laboratory of Latvia State
Institute of Fruit-Growing.

The observation of morphological characteristicsof plants was
evaluated when plants were dormant:
- bush heightmeasured in meters from the soil surface to the top of the
highest branch;
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- bush width measured in meters from one bush lateral branches ending
to the opposite lateral branches apex;

- amount of shootscounted in whole numbers according to the age
groups;

- bush volume(m®) calculated as for a cone shaped figure, using plants
height and bush width;

- bush habit evaluated in points from 1 to 3, where 1 — upright
(reference cultivar ‘Bluecrop’), 2 — semi upright, 3 — spreading
(reference cultivar ‘Northblue”).

Registration of meteorological data From year 2008 to 2010 the
meteorological data from the Jelgava Hydrology and Meteorology Station were
used. Sine 2010 the data of air temperature had been obtained with a portable
MicroLite USB recorder; placed in the middle of the plantation. The data were
recorded in digital format every hour. Daily mean temperature, sum of effective
temperatures (ETS), monthly and decades amount of precipitation were
calculated.

Mathematical data processing.Descriptive statistics and analysis of
variance performed for quantitative factors were evaluated in metric or ordinals
scale. For correlation between observations, the analyses of correlation and
regression were applied using MS Excel and SPSS data processing programs.

RESULTS
HIGHBUSH BLUEBERRY WINTER HARDINESS

Winter hardiness. During the trial winter conditions were quite various,
consequently, highbush winter hardiness was very different each year. The
highbush blueberry cultivars showed the highest winter hardiness of flower buds
and shoots in 2009 (9 points), but the lowest for flower buds (3.6 points average)
and shoots (4.3 points average) for all cultivars in the trial was in 2008, however
during the winters of 2010 and 2011 highbush blueberry cultivars reacted
differently to wintering conditions. Winter hardiness during these years ranged
from 3.0 to 9.0 points.

From half - highbush blueberry cultivars the highest winter hardiness of
shoots was shown by ‘Chippewa’ (7.9 points average) and ‘Northblue’
(7.7 points average) and highbush blueberry cultivar ‘Jersey’ (7.8 points
average). Furthermore in 2007, when other cultivars showed damage even to
three year old shoots (winter hardiness ranged from 2 to 5.3 points) ‘Chippewa’
and ‘Jersey’ had just mild damage to their two year old shoots. The most
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affected cultivar by winter conditions in 2007, 2010 and 2011 was ‘Duke’.
In those years the shoot’s winter hardiness ranged from 2 to 6 points,
nonetheless ‘Duke’ showed middle winter hardiness (5.9 points over the years).
High flower buds’ winter hardiness was observed in half - highbush blueberry
cultivars ‘Chippewa’ and ‘Northblue’ (an average of 7.7 points) and highbush
blueberry cultivar ‘Patriot’ (7.5 points), but low winter hardiness was observed
in the cultivar ‘Duke’, only 5.4 points (Fig. 1.). From half - highbush blueberry
cultivars ‘Northland’ showed the lowest winter hardiness (averaged 6.5 points),
which was the lowest of all the other cultivars of this type. Among the highbush
blueberry cultivar ‘Duke’ had the most sensitive flower buds (average flower
bud winter hardiness 5.4 points), but the most cold resistant flower buds (an
average of 7.0 points) were observed in the cultivar ‘Patriot’ (Fig. 1.).

The cultivar ‘Chippewa’ showed the highest and less changeable flower
buds’ winter hardiness during the research period, while ‘Duke’ had most
varying flower buds’ winter hardiness over the years and in three years of
observation showed the lowest winter hardiness. Even in the years of
favourable winter conditions ‘Duke’ showed the lowest flower buds’ winter
hardiness. Compared to the rest of cultivars in the trial ‘Jersey’ and ‘Chippewa’
had most stable winter hardiness of shoots over the years, but the most varying
winter hardiness of shoots over the years were observed in ‘Duke’ and
‘Northland’.

The results showed the significant (p = 0.00) influence of meteorological
factors on winter hardiness in flower buds and shoots of blueberry cultivars.
Well demonstrated statistically significant (p = 0.00) difference in winter
hardiness in flower buds also within blueberry cultivars, indicating a significant
role of genetic characteristics of varieties in winter hardiness.

Close positive (ryx = 0.92; p < 0.01) significant correlation between
blueberry shoots and flower buds’ in winter hardiness was found, which means
— the higher the winter hardiness of shoots, the higher the flower buds’ winter
hardiness will be. All factors of the year in observation and cultivar’s influence
proportion in winter hardiness of blueberry comparison indicate that the set of
weather conditions in winter period has a very significant impact on the flower
buds and shoots’ winter hardiness (" %g, = 75.89 and 1°%;, = 77.68), moreover
meteorology factor’s effect on formation of shoots” winter hardiness was higher
than on flower buds’ winter hardiness. Blueberry cultivars as a factor had
significant, but small effect (n’%g, = 7.45 and 1°%;, = 7.65) on blueberry winter
hardiness. Blueberry winter hardiness is influenced not only by meteorological
conditions, but also cultivar’s ability to withstand temperature fluctuations
during the winter, as shown by the cultivars and wintering conditions
interaction effect’s ("% = 12.57 un 1°%g, = 12.61) influence on blueberry
winter hardiness.

The half - highbush cultivars ‘Chippewa’ and ‘Northblue’ were
distinguished as cultivars with high winter hardiness and its stability over the
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years. In three years research period, highbush blueberry cultivar ‘Patriot’ and
half — highbush blueberry cultivar ‘Northland’ showed a high level of winter
hardiness. The cultivar ‘Duke’ showed the lowest overall winter hardiness.

ANALYSIS OF FACTORS AFFECTING HIGHBUSH BLUEBERRY
WINTER HARDINESS

Content of dry matter. In wintering of the 2010 — 2011 differences in
dry matter content of blueberry cultivars were not statistically verifiable
(p = 0.42). Significant differences (p = 0.00) of the shoots’ dry matter content
was found between sampling times (Fig. 2.). In the first sampling time (in
October), the average dry matter content of shoots was 56.8 g 100 g, which
was significantly higher than in November, January and February. However in
February dry matter was significantly lower than in October and March. The
low content of dry matter in February shows that due to the period of increased
air temperature in late January and first decade of February free water content
in the cells increased, subsequent rapid drops in temperature affected the
Blueberry shoots frost tolerance.

The results suggest that during wintering of 2010 — 2011, the highest
winter hardiness was shown by cultivars ‘Chippewa’, ‘Patriot’ and ‘Northblue’.
These cultivars begin and end dormancy with a high dry matter content of
shoots, and are able to rapidly start vegetation, which shows the variety’s
suitability for varying weather conditions.

Content of reducing sugarsin blueberry shoots in wintering of
2010/2011 significantly differed between cultivars (p = 0.00) and between
samples (p = 0.00). Reducing sugar content in blueberry shoots at the end of the
growing season (26.10.2010.) was lower than during the winter, on average,
2.3 g of reducing sugars per 100 g of dry matter. During wintering time, it
gradually increased, reaching a peak in the third and fourth sampling time
(27.12.2010. and 01.27.2011.). During this time, mean reducing sugar content
was unchanged. At the fifth sampling time (24.02.2011.) reducing sugar
content was significantly reduced. By the end of March there were only 2.5 g of
reducing sugars per 100 g' of dry matter in the shoots (Fig. 3.). When
comparing the speed of reducing sugars content’s change with the first
sampling time, the fastest increase in the content was during the second
sampling time (in November), later the changes were smaller.

In cultivars ‘Patriot’, “Northblue’, ‘Chippewa’ and ‘Jersey’ with high and
‘Spartan’ and ‘Polaris’ with medium winter hardiness of shoots, reducing sugar
content variations in shoots were less pronounced than in the other five
blueberry cultivars. The results showed that the cultivars which sharply
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increased their reducing sugar content when wintering temperature fell, had
high winter hardiness.

When assessing interaction between plant frost tolerance characterizing
indicators, a significant medium close linear negative (r,= -0.46; p < 0.05)
correlation was found between the content of reducing sugars and dry matter in
shoots, which might indicate a trend for an increase in dry matter content, when
reducing sugar content is decreasing. Weak (ryx = 0.26; p < 0.05) significant
relationship between accumulated chill units (CU) and dry matter content was
found, as well as weak negative (ryx = -0.38; p < 0.05) significant correlation
between accumulated CU and reducing sugar content were found. Weak
correlations showed a trend for a plant at the end of dormancy to increase dry
matter content in shoots, while decreasing reducing sugar content.

Weather conditions during sampling had a major impact (n*% = 38.3) on
a dry matter content in the Blueberry shoots, and it was significant (p = 0.000).
Reducing sugar content during overwintering was significantly influenced by
the cultivar’s factor ("% = 31.5), and a set of meteorological factors
(™% = 43.5).

Expression of 14 kDa and 60 kDa dehydrinStatistical analysis of the
results shows that the 14 kDa dehydrin expression levels between cultivars are
not significantly different (p = 0.187), but they are significantly different
(p = 0.005) depending on the number of accumulated chill units, however
60 kDa dehydrin expression was found significantly (p = 0.003) varying
between the cultivars of blueberry, and on the total number of accumulated
chill units (p = 0.001).

The highest expression of 14 kDa dehydrin level in blueberry shoots and
flower buds was observed at accumulated 712 CU, when the temperature
dropped below 0 °C. During a continuous 45-day period of frost, the expression
levels of 14 kDa dehydrin decreased (plants showed high levels of frost
tolerance), but in ‘Northblue’, ‘Bluejay’, ‘Bluecrop’ and ‘Duke’ shoots 14 kDa
expression levels increased immediately after the continuous frost period
(accumulated 714 CU), reaching the lowest accumulation level at the end of
March (1109 CU). 60 kDa dehydrin expressions was observed during lowering
of the temperature, but the highest expression levels were observed after the
continuous periods of frost, while at the end of March the accumulation levels
rose sharply (Fig. 4.).

Expression of 14 kDa dehydrin in blueberry shoots is affected by the
number of accumulated chill units (ryx= -0.33; p < 0.05) and the mean daily air
temperature (ryx = 0.29; p < 0.05). 14 kDa dehydrin expression levels decreased
during the wintering period, thus the observed correlations suggest a tendency
that accumulation of dehydrin-like proteins in early stages of low temperature
is associated with the acclimatization process.
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Effects of reducing sugars and dry matter content in shoots on 14 kDa
dehydrin expression level could not be identified, but 60 kDa dehydrin
expression was affected by the dry matter content in shoots (ry, = 0.30;
p < 0.05), indicating a tendency that drought stress can potentially influence 60
kDa dehydrin gene expression. When comparing the 60 kDa dehydrin gene
expression levels with a dry matter content in blueberry shoots, it can be
concluded that the cultivars ‘Northland’, ‘Duke’ and ‘Northblue’ with higher
60 kDa dehydrin expression levels at 1109 CU had a higher dry matter content.
60 kDa dehydrin expression is affected by low air temperatures (ryx = 0.33;
p <0.05). In contrast to the 14 kDa dehydrin expression, total accumulated chill
units had no effect on the level of 60 kDa dehydrin expression. The established
relationships indicate a trend that the 60 kDa dehydrin expression level is
directly affected by low temperatures (Table 1).

The results show that in most winter hardy varieties Patriot’,
‘Chippewa’, ‘Northblue’ and ‘Jersey’ 14 kDa and 60 kDa dehydrin gene
expression levels in the shoots and flower buds were higher than in the less
winter hardy cultivars. The differences between the levels of expressions in two
dehydrins suggest that dehydrin gene expression is influenced by air
temperature; the number of accumulated chill units and 60 kDa dehydrin gene
expressions is also affected by drought stress.

TEMPERATURE INFLUENCE ON HIGHBUSH BLUEBERRY
PHENOLOGY

Significant differences in the initial phase of blooming, fruit ripening
time and duration of harvest period were identified not only in different
blueberry cultivars, but also in the same cultivar in a different year of trial.
Differences in bud swelling time and blooming duration in different cultivars
over the years of trial were found insignificant.

Bud swelling time. The blueberry flower-buds started to swell at the end
of March till the beginning of April depending on the year, when the average
air temperature was higher than 2.4 °C and the sum of the effective temperature
(ETS) ranged from 0.4 to 21°C. In the highbush blueberry cultivars ‘Blueray’
and ‘Bluejay’ and half - highbush cultivar ‘Northblue’ the variations in duration
of bud swelling from year to year were most pronounced.

Duration of bud swelling was significantly affected by the accumulated
ETS (ryx= 0.93; p < 0.05) and by the number of days from the beginning of the
year when the average air temperature was above 5 °C (r,x = 0.95; p < 0.05),
indicating forced end of plants’ dormancy and forced readiness for vegetation.
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Weak, negative, but significant correlation (ryx = -0.26; p < 0.05) between bud
swelling time and buds’ winter hardiness confirms that when flower bud
hardiness decreases, the bud swelling time can be delayed.

Beginning of blooming time. Highbush blueberry varieties start to
bloom on 126™ — 134™ day (middle of the first decade of May — middle of
May’s second decade) when ETS has reached 127 to 198 °C. Beginning of
blooming is significantly affected by the amount of sum of effective
temperature stored (ryx = 0.88; p < 0.05), as well as by the number of days since
the start of bud swelling till the beginning of blooming in which daily the air
temperature exceeded 5 °C (ryx = 0.89; p < 0.05). There was no significant
correlation between the beginning of blueberry blooming time and ETS during
flower bud swelling.

No significant differences were observed in the beginning of bloom time
in half-highbush cultivars (such cultivars begin to bloom at the same time).
Significant differences in the beginning of blooming time were observed in
highbush varieties; moreover highbush blueberry variety ‘Jersey’ bloomed last
when compared with other varieties included in the trial.

Duration of blooming is an important factor, the longer the blooming,
the better the chance to save at least part of the yield in case of frost. In the
observed years the duration of blueberry blooming period was 9 — 23 days (first
decade of May till middle of June).

The duration of blooming was significantly influenced by the
accumulated ETS by the end of blooming (ryx = 0.46; p < 0.05) and during the
blooming (ryx= 0.65; p < 0.05), but ETS at the beginning of blooming and daily
temperature during the blooming had no effect on its duration. The existence of
correlation proves that ETS has a significant role in the duration of blooming
period, because in 2010 ETS at the beginning of blooming was higher than
2009 and 2011, but daily temperature during blooming in 2011 was higher than
2009 and 2010.

Berry ripening time assessed for four years from 2008 to 2011, differed
significantly between cultivars, with 10 to 37 days difference between the early
season genotypes and late season genotypes. Also, differences over the years
were significant (p = 0.00), which indicates the weather conditions influence on
the phenological development of blueberries. It takes 59 to 79 days from the
beginning of blooming till fruit ripening (from early season varieties till late
season varieties). Cultivar ‘Duke’ had the shortest period (average 59 days),
while ‘Jersey’ had the longest (average 79 days). First blueberries were
harvested from late July to first decade of August (depending on cultivar).

Blueberry fruit ripening time is significantly affected by ETS at the end
of the blooming phase (ryx = 0.46; p < 0.05) and ETS during berry ripening
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(ryx = 0.38; p < 0.05). Contrary to expectations, the average daily temperature
for the period from the beginning of blooming till berry ripening time did not
significantly affect the first berry harvest time.

In all four years of the research, the berries of cultivars ‘Patriot’,
‘Polaris’, ‘Northblue’, ‘Northland’ and ‘Chippewa’ ripened fairly early, and at
the same time. Also the berries of ‘Duke’ in both years ripened fairly early. The
cultivars ‘Blueray’ and ‘Bluecrop’ had a medium late berry ripening time. In all
the years of research berries from ‘Jersey’ variety ripened late.

Production period between the cultivars varied significantly (p = 0.00)
with 13 to 27 days distinction, depending on the year and cultivars. Production
period of highbush blueberry cultivars in the years of research was 1 to 27 days.
The cultivar ‘Jersey’ had the shortest period of production in three of the four
years of research (in 2009 — 6 days, in 2010 and 2011 all berries of this cultivar
ripened at the same time and were harvested at once).

The cultivar ‘Patriot’ had the longest period of production for highbush
blueberry cultivar group (average 24 days). Half — highbush blueberry cultivars
presented duration of production in all the years of observation from 18 to 30
days, the average duration of production was from 23 (‘Northland’, ‘Polaris’) to
27 days (‘Northblue’) depending on the year (Table 2.).

The ETS during berry ripening (ryx = -0.65; p < 0.05) and the average
daily temperature during the production period (ryx = -0.32; p < 0.05) have
significant impact on the duration of the production period, suggesting that the
production period is increased if less ETS has been accumulated by the time
berries ripen and the average daily temperature during the production period is
lower. It was found that the accumulation of ETS during production,
significantly reduced the duration of production (ryx= 0.84; p < 0.05).

HIGHBUSH BLUEBERRY YIELD AND ITS QUALITY

Yield. In all blueberry cultivars the berries ripened at separate times.
Yield, depending on the year and blueberry cultivars, were picked 1 to 6 times.
The cultivars ‘Chippewa’ and ‘Northland’ in two years of the research had a
high yield, whereas ‘Blueray’ in two years of the research had a low yield
(0.70 and 0.76 kg per bush).

In the 2010 low yield was obtained from ‘Jersey’ and ‘Bluecrop’ (0.45 kg
and 0.32 kg per bush, respectively). The cultivar ‘Patriot’ stood out with high
performance in all the years of observation, in spite of the fact that the average
yield over the years ranged from 2.55 to 6.00 kg per bush. Other cultivars in the
whole period of the research showed an average productivity (Table 3.).

Due to low shoot and flower bud winter hardiness, in 2008 ‘Duke’ and in
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2011 ‘Blueray’ yields were not registered. Despite the fact that in 2008 ‘Duke’
showed high winter hardiness (8 points), signs of previous years overwintering
conditions after-effects could be observed (no formation of flower buds were
observed in 2007).

In 2011 ‘Duke’ showed low winter hardiness too, the development of
flower buds was disturbed and all flowers fell off. In 2010 ‘Blueray’ had up to
80% of buds damaged, the development of the remaining buds was disturbed
and, as a result of that, all flowers fell off. The winter hardiness of the previous
year’s shoots and buds did not affect the yield of the particular year, but it was
established that the yield of 2010 and 2011 was significantly affected by the
winter hardiness of buds in that production year (r,x = 0.59 and ry, = 0.66;
p < 0.05, respectively).

Blueberry yields were significantly different between the three
observation years, no significant differences between yields were found
between the 2010 and 2011.

The cultivar factor (1*% = 47.7) had the highest effect on blueberry yield,
also significant was the whole year’s weather factor (n*% =23.2).

The number of picks during blueberry harvest was significantly affected
by the ETS (ryx = 0.69; p < 0.05) and mean daily temperature (ryx = -0.44;
p < 0.05) during the production period, as well as ETS at the beginning of the
fruit ripening (ryx = -0.79; p < 0.05). The number of picks during harvest
reduces if ETS rises at the beginning of berry ripening period and when the
average daily temperature increases during the production period. The number
of picks increases with a higher accumulation of ETS in the period of
production.

The average weight and size of berrieShe average weight of berries
differed significantly over the years and between cultivars (p = 0.00). Most of
blueberry cultivars were assessed as having medium berry weight (from 1.5 to
1.9 g). It should be noted that the cultivar’s ‘Northland’ average berry weight
ranged from large (2010) to small (2009) (Table 4).

The impact of the yield on the average fruit weight over individual years
was not found to be significant, however, a negative weak but significant
(ryx = -0.21; p < 0.05) correlation between the amount of yield and average
berry weight over the years showed a tendency that if there was an increase in
the yield, berry average weight would still fall, but just slightly.

None of the cultivars could be placed into group 6" of berry size (very
large berries, > 20 mm) or in group 1 (very small berries, < 9 mm). Blueberry
cultivars ‘Bluejay’, ‘Jersey’, ‘Blueray’, ‘Spartan’, ‘Polaris’, ‘Bluecrop’ and
‘Northblue’ berries are medium — sized, 12.1 — 15 mm (3™ group), but ‘Patriot’
and ‘Duke’ berries fall into the 4™ group, because the average berry size was
15.1 - 18 mm.

Contrary to expectations, in none of the observation years significant
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correlation between blueberry yield and berry size could be proved. In 2008
and 2010 from a significant weak (ryx = 0.412; p < 0.05) to an average of close
(ryx = 0.678; p < 0.01) correlation was found between the average berry weight
and berry size, indicating that larger berries have more mass.

TEMPERATURE INFLUENCE ON BLUEBERRY BIOCHEMILCAL
COMPOSITION

Content of total anthocyanins in berries (AC).The content of total
anthocyanins in blueberry fruit was significantly different between cultivars
(p < 0.00). In the year 2008 the content of total anthocyanins was affected by
the average daily temperature (ryx = 0.21; p < 0.01) and the sum of effective
temperatures in production period (ryx = 0.77; p < 0.01). In the year 2010 the
content of total anthocyanins was affected by the sum of effective temperatures
in production period (ryx = 0.69; p < 0.05), but in the year 2011 the daily
temperature and the sum of effective temperature did not affect the total
anthocyanins in berry (it can be explained by another factor influence).

Content of total phenolic in berries (PC)was significantly different
between blueberry cultivars (p < 0.00). The average daily temperature and
accumulated SET in production period had a significant effect on the content of
total phenols in 2008 only (ryx = 0.22 and ryx = 0.76; p < 0.05, respectively) that
indicates a tendency — the lower the average daily temperature and the lower
the sum of effective temperatures accumulated, the higher the phenolic content
in the berries.

Ascorbic acid (AA). The content of ascorbic acid was higher than
13 mg 100 g in some blueberry cultivars, and showed significant differences
between cultivars (p = 0.04). The correlation analysis showed the significant
effect of the sum of effective temperatures on the ascorbic acid content in the
berries in all of the years, moreover in the year 2008 it was negative
(ryx = -0.50; p < 0.05). In the berries of cultivars ‘Jersey’, ‘Northblue’ and
‘Patriot’ the content of ascorbic acid was more stable than in other cultivars.

Content of soluble solids (SS)n berries of blueberry cultivars were
significantly different (p = 0.04), although these differences were smaller
compared with those of anthocyanins; phenolic, and ascorbic acid contents.
Stable content of soluble solids over the years was identified in the cultivars
‘Blueray’, ‘Bluejay’ and ‘Bluecrop’. In other cultivars this parameter was less
stable, but in the berries of the cultivars ‘Northblue’ and ‘Polaris’ over the
years the content of soluble solids ranged from a high to a low content. The
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soluble solids content of the year 2008 were significantly affected by both the
average temperature (ry, = -0.22), and the sum of effective temperatures in the
production period (ry = -0.34), with a significance of p < 0.05, while the
correlation between the studied factors was weak and negative. In 2010 the
content of soluble solids was significantly affected by the sum of effective
temperatures during the production period (r,x = 0.79; p < 0.05), but in
2011 — the average daily temperature during the production period (ry = -0.42;
p <0.05).

Titrable acidity (TA) content was significantly different (p < 0.00) in
berries. The results showed the sum of effective temperature had a significant
effect on the content of titrable acid in the years 2008 and 2010 (r,, = -0.63 and
ryx = -0.61, respectively; p < 0.05), a weak positive correlation between the
factor observed in 2011 (ryx = 0.46; p < 0.05). In 2011 the content of titrable
acid was significantly negatively affected by the average daily temperature
(ryx=-0.35; p < 0.05).

The sum of the effective temperature in production period had a
significant effect on the biochemical composition of the berries over the year
(especially on the content of ascorbic acid). Significant negative correlations
indicated that with the increase in the sum of effective temperatures the content
of ascorbic acid, soluble solids and titrable acid in berries decreased. In certain
observation years ascorbic acid, soluble solids and titrable acid content in
berries was affected also by the average daily temperature in the production
period.

Difference of biochemical composition.The biochemical composition
shows significant differences between the cultivars. The highest content of total
anthocyanins was found in the cultivars ‘Jersey’, ‘Northland’ and ‘Northblue’
(from 123.7 to 133.5 mg 100 g™), high content of total phenolic was observed
in berries of half-highbush blueberry cultivars ‘Northland; and ‘Northblue’,
312.4 and 297.8 mg 100 g, respectively. The highest content of ascorbic acid
was found in berries of cultivars ‘Blueray’, ‘Northland’ and ‘Spartan’ (from
14.5 to 13.5 mg 100 g"), the lowest — in ‘Bluecrop’ berries. High content of
soluble solids was found in cultivars ‘Jersey’ and ‘Spartan (12.5 and
12.2 mg 100 g) (Table 5).

Contrary to expectations, the average weight of berries has no correlation
with any of the biochemical parameters, but the fruit size is correlated with the
content of ascorbic acid. It could be explained by the fact that the highest
content of ascorbic acid is found in the skin of the berry — the smaller the berry,
the greater the proportion of the total skin, the higher the ascorbic acid content.
The non-existing correlation between berry weight and biochemical
composition indicators shows that the cultivar ‘Blueberry’ with large berries
has a high value biochemical composition.
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INTEGRATED ASSESSMENT OF BLUEBERRY CULTIVARS

The assessment by 16 traits suggests that the cultivars ‘Patriot’,
‘Chippewa’ and ‘Northblue’ stand out if assessed by 7 significant traits: upright
bush habit (‘Chippewa’), high winter hardiness of shoots (‘Patriot’ and
‘Chippewa’), middle berry ripening time (‘Patriot’ and ‘Chippewa’), long
ripening period (‘Patriot” and ‘Chippewa’), high productivity (except
‘Northblue’), uniform size of berries (except ‘Chippewa’) and high content of
ascorbic acid in berries (except ‘Northblue’). The cultivar ‘Northblue’ stands
out with 7 traits too; the most significant is high winter hardiness of flower
buds and shoots. The cultivars ‘Northland’ succeeds in 6 traits, the most
significant being its high productivity and uniform size of berries. The cultivar
‘Jersey’ succeeds in 5 traits, most significant being its high winter hardiness of
shoots, late start of blossoming and berry ripening (Table 6).

The cultivars ‘Patriot’ and ‘Northblue’ have one significant weakness-
they develop a wide spreading crown, thus requiring more care in shaping the
bush. The advantage is that the crown can absorb more sunlight, but in snowy
winters, this type of plant habit will protect the plants from winter frost
damages, however at the end of winter they can foment.

The cultivar ‘Duke’ stands out with a large berry weight, but it has a very
important weakness — low winter hardiness of flower buds and shoots, which
makes this cultivar suitable for growing only in a particularly good place, but
the variety ‘Bluecrop’ stands out with an upright bush shape, which is an
important characteristic feature, since it will be easier to harvest crops and
berries will be clean (Table 6).
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CONCLUSIONS

The winter hardiness of flower buds and shoots is significantly
affected by meteorological conditions during the wintering period. In
developing the winter hardiness of shoots the impact of meteorological
factors is higher than with the winter hardiness of flower buds. The
Blueberry cultivar as a factor has little effect on the formation on
winter hardiness.

Accumulated chill units in wintering period affect the content of dry
matter and reducing sugars in blueberry one-year old shoots.

The preliminary results under field conditions show that drought stress
and air temperature in wintering period affected 60 kDa dehydrin
expressions, but accumulated chill units significantly affected 14 kDa
dehydrin expressions.

The sum of effective temperatures affected the beginning of
phenological phase and its duration.

Winter hardiness of flower buds in the year of production has a
significant effect on the yield. The number of blueberry harvesting
times is significantly affected by the accumulated sum of effective
temperatures during berry ripening time, and the average daily
temperature during the production period.

The cultivars ‘Patriot’”, ‘Chippewa’ and ‘Northland’ are more
productive than other cultivars; furthermore ‘Patriot’ has large berries.
The cultivar ‘Duke’ has large berries but low winter hardiness.

The sum of effective temperatures has a significant effect on the
content of biochemical parameters (especially on the content of
ascorbic acid). An increase of the sum of effective temperature, leads
to decrease in the contents of ascorbic acid, soluble solids and titrable
acid in berries.

The winter hardiness of Blueberry flower buds and shoots is affected
by the habit and height of the blueberry bush, which indicates that the
bushes with a greater height will have reduced shoot and flower bud
winter hardiness in adverse winter conditions.

Blueberry cultivars ‘Patriot’, ‘Chippewa’ and ‘Northblue’ are the best
by 7 assessed parameters. The cultivar ‘Northland’ comes second with
high scores by 6 parameters, but ‘Jersey’ by 5 parameters. The
cultivars ‘Bluecrop’ and ‘Polaris’ are good only by 2 assessed
parameters.
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