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IEVADS

Latvija nepiecieSams papildih apsiikliem piengrotu, k& af tirgus un
paerétaju pragbam atbilstodu mjas plimju (P.domestica L.) &irnu sortimentu. &du
&irnu trikums samazinaélmi plaimes audat komercili, tadgjadi stidijumu platbas
nepieaug un strauji noveco. Likf dda Latvija audZto plimju irpu ir pilnigi vai
dalgji paSneaugbas. lidz ar to nepietiekama apputekSaras nedz hutiski samaziat
to razu. Mainoties meteordliskajiem apgtkliem, tiek ietekrata pimju augSana,
zieceSana, raZzoSana.

Plamju selekcioariem galvenais ®rkis ir parakt labaku saliztutbu, nelielu,
vienkarSi veidojamu koku, paSadbl un produktiviti. PaSaugbas &irnes dod
regubrakas razas, jo nav tik atkgas no meteorofiskajiem apsgtkliem. Nosakot
plimju ziedpumpuru astbas un ziedu apalgparas veicinoSos un tra@msos
faktorus, & an izveloties piendrotakas apputeks#ajskirnes, ir iespjams paakt
optimalu razasimeni. ApputeksgSaras var maifties atkaiba no audzSanas vietas un
apstkliem. Tapéc svargi izpetit plimju Xkirnu ziedtSanas biolgiju un savstargjas
attieabas pie sveSapputes un paSapputes.

Lai nodroSiatu veiksmgu apaugpSanos unitiz ar to labu razu, tiski ir
noteikt putekgu kvalitati un davotsggju. Sgirnes, kuru putekgem ir zema thziba,
nav paSaug@das un nederakcitu &irpu apputeksgtajas.

lesigjamie nerazas iemesli Latwijir nepietiekama ziedpumpuru ziemdaist,
nepietieckams vai nesabalatss batbas elementu daudzums augskuru uzemsanu
ietekn® meteorolgiskie apsikli vegetacijas perioda laik Dazdi kaitigie organismi
un to radtie bogjumi biatiski samazina fotosintépso virsmu un ietekm koku
vesetbas sivokli un razu.

Petfjuma merkis

Plimju &irnu kandiditu izdaiSana pc hibiidu kompleks vertejuma; plimju
attisttbu un rafbu ietekngjoSo abiotisko faktoru iArteSana.

Petijuma hipoteze

Plimju augSanu un razoSanu ietajo$o faktoru anate un jaunu perspakt
Sirnpu ieauSana Latvijas pimju sortimerd veiciras kvalitatvas raZzas ieguvi un
stadijumu platbu pieaugumu.

Darba uzdevumi:

veikt perspelvvo plaimju hibridu atlasi no selekcijas matag;

noteikt piimju fenolgisko atistibu agroklimatisko faktoru ietekén
noteikt vezetatvo augSanu bora un kalciapussaku meslojuma ietekra;
noteiktgeneratvo attstbu bora un kalcijarpussaku meslojuma ietekrs;
veikt raZzas un auyg kvalitates \ertejumu agroklimatisko faktoru ietekan

Promocijas darba novitate un zinatniskais noamigums

Latvija pirmo reizi veikti [gtijumi par bora un kalcijarpussaku nmeslojuma
ietekmi uz piimju augSanu un astibu.

Pec 10 gadu prtraukuma Latvig registracijai iesniegtagetras jaunas pmju
&irnes.
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Petijuma rezultati atspoguloti 9 zinatniskags publikacijas andu, latvieSu un
krievu valodis, tai ska# starptautisko konferém un simpoziju starptautiski
recenztas publikacijas.

Par ziratniska darba rezufitiem sniegti 10 mutiski refati un 8 stenda mbjumi
starptautisks ziratniskas konferenes, simpozijos un senminos.

Petfjuma rezultati ieguti pateicoties projektiem:

1. ESF projekts ,Atbalsts LLU doktora studijuistenoSanai”, Vienosas
Nr. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.

Liguma Nr. 04.4—-08/EF2.D1.30, laika pe#ow 01.03.2011. — 31.08.2013.

2. ESF ierobezas atlases projekts “Atbalsts doktora studiju prograrmstenosanai”
projekta ,Atbalsts LLU doktora studijistenoSanai”, Vienosas
Nr. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.

Liguma Nr. 04.4-08/EF2.PD.84, laika pe&ioth 01.09.2013. — 31.08.2014.

3. LZP grants ,Audu koku un ogulju integitai audzSanai piererotu Xirnu
selekcija un tehnofgska izpete”, (2005.—2007.).

4. ZM paditits etjumu projekts ,Vidi saudgoSu audzSanas tehnofgju
preciZSana aufy un ogu drzos daZdos augsnes un klimatiskajos ap#bs”,
(2007.—2009.).

5. LZP grants, Abdu, kirSu un plimju selekcijas matetia izpste un uzlaboSana,
atfistot un pielietojot molekaras gergtikas tehnolgijas”, (2009.-2012.).

6. ZM LAP Petijjumu projekts ,llgtspjigas augkopibas afisttba, izmantojot vidi un
ddenus saudgjoSas, k an lauku ainavu saglapSas integitas audzSanas
tehnol@ijjas klimata @rmaipu mazimSanai un biolgiskas daudzveitbas
nodroSiasanai”, (2010.—2011.).



PETIJUMA APSTAKLI UN METODES

Petijuma vieta, objekts un agrotehnika. Petjums veikts Latvijas Valsts
Auglkopibas institita Dobek divos posmos.

Pirmais posms no Zviedrip selekciogta materéla atlastu elites hibfdu
vertejums lauka apsklos Latvij, ar nerki izdalit perspelivakos no tiem un iesniegt
Sirpu registracijai. lzmeginajums iefkots ar Zviedrijas Brzkopbas institita
Balsgard selekciogtiem plamju hibidiem. LVAI 1998. gad kopuna iestditi
30 elites hibidi — tris atkartojumos, viens koks adkiojuma. Petijums veikts laika
posna no 2008.1dz 2010. gadam, iékujot 17 hibfdus. Pirna posma rezuita izdalti
cetri perspektvakie hibidi un iesniegti Kirpu registracijai Latvija.

Otrais posms no izdaitajiem %irnu kandiditiem perspekvakais ielauts
talaka petijjuma, saldzinot ar §irném, kas audetas Latvia iepriekS. Rtijjums veikts
LVAI 2008. gadi ierikotaja plimju stdijuma laika posm no 2011.1dz 2013. gadam.
Petijuma izvelétas tiis kirnes:

'Sonora' ir perspeitaka no pirng petijuma laika izdaltajam  Zirnem,
2011. gad iesniegta rgistracijai Latvija, ir uzmadijusi paSaugbu un vagtu bat |oti
perspekiva komercdrzu sadijumos. 2010., 2011. gachodota ¥rteSanai vaiikam
zemnieku saimni@bam Latvija un selekciofriemarzenes.

‘Lase’ ir 1998. gadluz LVAI varda Latvia registreta irne, kas dod izcilas
kvalitates augus, bet pdejos gados ifoti mazraiga.

Ka kontroles Eirne iz\eleta 'Edinburgas Hercogs', kas izveidota Amglij
1830. gad, paSaugba, plaSi audsta viss pasawd un Latvija ilgu laiku bijusi tre&
popukraka kirne.

Petijuma noteikta plimju atistba agroklimatisko faktoru ietekinvesetaiva
augSana ungeneraiva atfistiba, K& anm raza un aug kvalitite bora un kalcija
arpussalgu meslojuma ietekra.

Izvertejot butiskos sala pogumus 2011. gada pavagatika mekéta iesgja
samaziat sala rattos bopjumus turpmakaja periodi. Pec ziratnisko publikiciju
anaizes, tika nolemts izaginajumu ielartot tris variantos: kontrole, kalcija un bora
arpussaku meslosSanas variants.

Stadijums iefkots tipiska velenu karbomtaugs®, at@lums starp rindm
5 metri, starp kokiem 3 metri. KopSanas darbi: rindstaipu§ana, apdobjueizeSana,
bojato un vainagu sabiezinoSo zaru izgrieSana, stumbko&ana, slirtbu un kaigklu
ierobezoSana ar augu aizsabds fdzeKu smidzirgjumiem.

Meteorologiskie apstkli

Pirma posma izneginajuma laika. lzméginajuma vislielakas korekcijas
stadijuma ieviesa 2007. gads, kad jd@na pirmag delkade videja gaisa temperata bija
+5 °C, bet otis delkedes beigs gaisa temperata $ika kristies. Febmrt vidgja gaisa
temperaira bija 3°C zensika par normu ar stipru kailsalu. Marts bija daudzlssit
neka parasti (gaisa viga temperatra bija +4.9 °C), nokusa sniegs, &wudokiem
brieda pumpuri, bet afja skuma temperaira nokritis pat idz —7 °C. Rimes dazviet
Latvija izsala pilmba. Maija sikuma temperatra dazas naktis nadéja pat idz -5 °C,
razas nebija. Uzakot petijumus no 2008. gada, meteorgikkie apsikli bija normas
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robezs bez ekstreali zemam vai augstm temperatram. 2010. gada \@éeticijas

periods bija btiski gaiks un miteks, saidzinot ar ilggatjo nowrojumu datiem, kas
deva iespjas nowrtet hibridu iztufibu nerakstugos apstklos. Paaugstita mitruma
de] koku vesetaivo dzinumu galotnes nebija nobriedusas.

Otra posma izneginajuma laika meteorolgiskie apsikli bija nelabeligi
koku ziemoSanai2010. un 2011. gadi no jilija I1dz septembrim bagigie nokrigi
apgitinaja koku apkopSanu, izraja viengadgo vasu prmérigu pieaugumu, bet
ruden augiem tika trawgta dzinumu nobrieSana. 2010./2011. gada dedesmtiega
segas biezums bija ap 40 — 50 cm, augsne zem sniega bija nesasaleSa beigs
bija sfEciga atkala un&sna, kas jau otro gad&pkartas radia stumbru bgjumus.
Pec ieilgud atkuda, febrdra otrafi delade temperaira nokris lidz pat —24 °C.
Sakot no 2011. gada,tliski pasliktirajas stumbra koksnes vesms sivoklis, plimju
ziedkSana bija loti vaja. Rec 2011. gada pavasaratpiu sadijumu platbas
samazigjas via Latvija. Meteorolgiskie apsikli vasag bija labweligi nakama gada
ziedpumpuru ierieSanai. Kopamegetacijas periods bija par dah dieram isaks, bet
efekiivo temperatru summa aptuveni 630 °C audjst par vidjiem daudzgamiem
datiem. 2011. gada rudiehdz ar p@rlieko nokri§iu daudzumu, kokiem bija tragta
nobrieSana un sagatavodanfiziologiskajam miera periodam. Salsakss tikai
2012. gada jarara otraj pus, kad vairumam I8rpu vai nu visgr nebija
izveidojusies, vai arvairs nebija sagld@jusies pietieckama iztilva pret zemm
temperatram. Ziedpumpuri bija izveidojuSies baiggi, bet tika konstati to bojajumi.
2012. gada veetacijas sezoa bija juitamas sala posgs sekas, kad kokiem kalta zari,
nobira ziedpumpuri un ziedi, bija patrejama koku bdjeja. Meteorolg@iskie apsikli
bija labwligi nakama gada ziedpumpuru ierieSanai, belsais véeticijas periods
(efektvo temperatru summa bija tikai 1736 °C) neladigi ietekneja audu garsas
ipadbas. &irnem ar \&laku ierakSaras laiku au@ neieguva pietiekamu saldumu un
bija bezgarfi. 2012./2013. gada ziemas temp@ratnetraugja koku ziemoSanai.
Augiem nelabgligs bija marts ar krasan diennakts srsttbam, kad nakts
temperaira bija —15 °C, bet di@npat +10 °C. 2013. gadija izteikti \Els pavasara
sakums, apifla pirmaj delade gaisa vidja temperatra bija tikai —0.3 °C. Augu
vegetacija sikas aprla edeja delade (velakam &kirnem maija pirmaj deladg), bet jau
maija otraf delade, kad akas pomju ziedtSana (10. — 20. majj, temperatra
sasniedza pat +30 °Caika, kad ziedja elu ziedo&s plimes,loti sgecigas lietus un
veja brazmas sasita da no ziediem, noskaloja putekss, radot prolsimas ar
apputeksesanos. Aufpizmetu brieSanas akuma batiski meteorolgisko apsiklu
traugjumi netika noeroti, bet augugt temperatrai parsniedzot optiralas robezas
(+33.9 °C), tika traugta audu nobrieSana. Dai irnu audi bija ski, skabi un kaulis
cieSi tugjas pie autp nikstuma. Baatigi nokridi bija vesefacijas perioda beis
(septembirnolija 130.7 mm), to®r péc gaéa rudens dzinumu gali bija nobriedusi.

Materi ala novert eSanas metodika.

Petijuma pirmaja dala, laika posm no 2008. idz 2010. gadam veikts
17 hibiidu \ertgjums, bet pc bargaim zienam (2009./2010. g. un 2010./2011. gdz
2011. gadam bija atlikusi asicelites hibidi Saf laika veikts:

— koku veseibas stvokla izvertejums (balks), nemot \&ra koka vainaga un
stumbra vesa@jumu, veéetatvo vasu augSanas sparu un salajboju palpi:
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5 balles — koks ar spigam vegetaivajam vaam (virs 60 cm), bez redzamiem
koksnes bajumiem; 0 balles — koksagjs boja;

— atsevi%ku biotisko faktoru ietekmes iz\ert gjums:
audu koku sarkad tiklerces sugasPanonychus ulmi Koch. uzskaiSana notika
pavasar, lapu apakSpwésskaitot Kpurus [gc sekojoSas €imas: navérces —
0 balles, 10 un vaik kapuru — 5 balles;
kaulexkoku sausplankumailpas (Stigmina carpophila (Lev.) Ellis) un ptimju
rasas (Tranzschelia pruni — spinosae Pers. unTranzschelia discolor (Fuck.)
Tranzsch. & Litv) noteikSana uz lam: nav baofjumu — 0O; virs 80% baja lapas
virsma — 5 balles;

— hibridu razas un audu kvalitates \ertgjums. Swverta raza kg no koka, noteikta
audu videja masa (g), nosverot 50 — 100 qugy sadcot paraugu bez izlases;

— auglu cietibas, bidgimisko parametru un glabaSanas iespju izvertejums.
Biokimiskas anaizes autijem veiktas uzreizgc to nowdkSanas (1. reize), 1 neld
pec glatiSanas dzeétava (2. reize) (glabSanas temperata +3 £ 1 °C, mitrums
89 £ 2% RH), 2 neglas [gc uzglaiSanas dzetava (3. reize). Katrs @rijums
veikts 20 atkrtojumos. Bikimiskajs anaizes noteikta:

audu cietba ar digilo penetrometru (kg cB) (merinstrumenta kida
+0.01 g cnif) pec standarta BS EN 12143 (2001itjj);

Sdstodis sausnas satursvaigiem aullem (Brix%) (ISO 2173:2003) 20 °C
temperaira ar digi@lo refraktometru ATAGO N20 (srinstrumenta Kida = 0,1 %)
péc standarta BS EN 12147 (2001 @ij$);

kopgjo skabju saturg%) (titrets ar 0.1V NaOH);

— piemerotako apputeksretaju Skirpu noteikSana -parbaudimo hibfdu zariem
uzlikti izolatori, uzskaitot ziedu daudzumu. Ziediem esot balonu atadhjikta
apputeksesana ar 5I8rnu puteksiem divos atkrtojumos ("Viktorija®, “Julius’,
"Eksperimertifeltets™ (‘Experimentalfaltets Sviskon’), “Minjona’, “Jubileum’)
kontrolei viens zars aft bez izolatora, uzskaitot ziedu daudzuniwdsr apputes
anali#Sanai. Veikta divrega audu revzija (pirma — 2 lkidz 3 nedlas &c
apputekseSanas; off — pec junija nobires). Reizijas saskaiti augaizmehi un
apekinats daudzums (%) no apputeksmziedu skaita;

— paSaugiba noteikta apputeksgjot katru hibidu ar saviem putekfem, saskaiti
audi aprekinot to daudzumu (%) no apputeksmziedu skaita.

Faktoru mijiedaribas anare gads & faktors \ertets ar meteorolgisko faktoru
atXirtbam.

Otra petfjuma dala laika posma no 2011. idz 2013. gadam veikta aridr
Skirném un tfs arpussaliu nesloSanas variantiem (kontrole, bors (B), kalcijs (Ca).
Saj posna veikti nowrojumi par fenolgisko un generaivo atfstibu, vezetaivo
augsanu.

— Plamju fenologisko attistibu ietekmejoSo faktoru izvert eSana:
vegetacijas perioda @kums atZzmets bidi, kad vicja diennakts temperata
sasniedz +5 °Catgarumssaidzinajuma ar ilggadgajiem datiem;
zieckSanas fenolgja verteta 2012. un 2013. gadatamgjot pirmos ziedus — A;
atveruSies 50% ziedi — B; awsSies ziedi 1z 80% jeb pilnzieds — C; ziedi
noziedjusi jeb ziedlapas nomestas — D;
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efekivo temperatru summadazdos ptimju augSanas un #tbas periodos gada
laika apiekinata, sumnajot temperairu virs +5 °C. Apegkini veikti pec formulas:

ETS =3¢, -5)
=1

kur ETS  efekivas temperatras summa n diennak3u pefiod
sum of effective temperatures in the period of n day
t, diennakts vid@ja gaisa temperata virs 5 °C laika pericdno 1. idz» diennaktij
(ja diennakts vigja gaisa temperata ir zenaka par 5 °C, agkinos & netiek iekauta) /
average day and night air temperature above 5 °C in the period from day 1 to day n
(if the day and night average temperature is below 5 °C, it is not included in calculations)

bora un kalcijaarpussaku meéslojums— divi koki variani, tris zari atiértojuma.
Arpussaku neslojuma smidziajumi uzsakti 2011. gadailija 0.25% borskbe
HsBO; (katra smidzirsjuma 0.8 g jeb 480 g ha kopa cetros smidzijumos
1920 g h#) un 2% kalcija nitits Ca (NQ), (katm smidzirijuma 2 g jeb
1200 g h#; kopa etros smidziajumos 4800 g ha).
2012. un 2013. gadirpussakgu (lapu) ngslojums lietots:
pirma mesloSana — ziedpumpuru iiiSaras laika (57 — 59 fize Ec BBCH); ota
reize fgc trijam nedt]am, tre& reize —inija, ceturt — jalij a.
Atkariba no neslojuma varianta urkfrnes veikti visi slakie pstijumi.

— Vegetativas augSanas nc&rojumi:
stumbra un zara8&rsgriezuma laukumenérijumi cn, ko apekina pec formulas:

(1),

) SL = nR? ),
kur  SL stumbra vai zar&&sgriezuma laukumsttunk or branch cross section area cm? ,
R stumbra vai zaradiuss /trunk or branch radius cm,
T konstante 3.14donstant 3.14;
stumbra augSanas inteagitapekinata ggc formulas:
Ar=%
“ 3,
kur  A4I vegetaivas augsanas intenaties indekss index of vegetative growth intensity,
a; stumbra apirtmers eso8s vezetacijas sezonas beig/
trunk circumference at the end of the current growth season,
aj stumbra apiktmers iepriek§jas vezetacijas sezonas beig /

trunk circumference at the end of the previous growth season;
hlorofila saturamerjumi veikti ar hlorofilometru Opti—Science CCM 200, nosakot
cauri lapai izvado gaismas radciju ar vipa garumu 940 un 660 nm.adjumi
veikti sakotngji — pirms arpusssaku nmeslojuma ietekmes 2011. gad2012. un
2013. gada \eetacijas period, sakot no finija lidz oktobrim reizi ranes.
Merfjumi veikti katram kokam, izaloties piecas lapas dzinuma vidukddazdas
vainaga debespes (ZA, ZR, R, DR, DA). Katrai lapai veikti seSiertjumi;
hlorofila a fluorescencesmerijumi veikti izmantojot Handy PEA (Hansatech
Instruments, LTD., Anglija) portato fluorescences @&nitaju. Merfjumi veikti
katram kokam, iz&loties piecas lapas dzinuma vidukdadaZdas vainaga
debespugs. Lapas uz 20 miitem tika aptumSotas ar kaget, nodroSinot audu
tumsas adaptiju, kas nepiecieSamaenjumu veikSanai. & tam lapas apgaismo.
Fluorescences anaés ilgums ir viena sekunde. Ar zemas int@test modusto
gaismu nosakotakuma jeb mininalas fluorescences {Jlimeni lapu audos un ar
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piesatinatas intensiites gaismas impulsu nosakot malaia fluorescencesrheni
(Fn). Noteikta ar variabh fluorescence HF,, un k, starpba).
Fotosistmas |l efekivitates indekss -, rekinats pec formulas:

Ev _ F;n _E)
fo B (@),
kur F, fotosisEmas |l efektiviites indekss photosystem 11 effectivity index,
FW
F, maksinala fluorescence haximum fluorescence,
Fy sakuma fluorescenceihitial fluorescence;

auqgu vitaliite (PI)raksturo augu dzotsggju un apvieno vaiikus parametrus — Il
fotosisemas akivo reakciju centru Mumu (koggjo skaitu), gaismas kvantu
parnesi fotosistma un uzemés enegijas parvietoSaas efektivititi elektronu
transportedes — jo Sis &ditajs ir augsiks, jo augs intemgak izmanto taj esosSo
hlorofilu. Augu vitaliites indeksam ir ligka juiba neld pargjiem fluorescences
komponentiem, unapec tas Joti nodergs fiziologijas, vides un tehnofgiju
skriningiem.

RC/ABS (RC - reakciju centri; ABS —fotonu antenu kompleksa absorbcijajipar
fotosisemas reakciju centru un antenu pigmentu atlieano absorétas gaismas
daudzuma. Antenu jeb pgbigmentu hlorofila molekulu daudzuma pieaugums
norada uz fotosigmu darbibas traugjumiem. Reakciju centru aktivite lielaka ir
labweligos apstklos, un tos veido foldmiski akivas molekulas, bet antenu
pigmentu molekulas saitis gaismas kvantus nodod reakciju centru hlorefila
molekum un &dgjadi "strada" auga lah.

Gan PI, gan RC/ABS iagt vienlaidgi ar fluorescences &fjumu iediSanu,
izmantojot Handy PEA.

— Generativas attistibas nowerojumi:
ziedpumpuru atstibas fizespetitas ar morfofiziolgiskas metodes palzibu. No
pumpuru diferengSaras @kuma (no i{ilija beigam) [dz oktobrim, nemti
5-10 pumpuri no koka vainaga dd¥m ekspormijam. Pumpuri prgriezti
garenvirzied pa centilo asi. Ziema verteti reizi meneq, ka am pec batiskas
temperalras pazemigsaras. Pavasar— pumpuru diferergSaras beigu posm
noskaidrota sala bgjymu palipe.

— ZiedeSanas un apputeksaSams parametru vert ejumi:
sala bajjumi pec skalas 1 — 9 (1 — nav ipimu; 9 — ziedi nosalusi pitba);
ziedeSanas intendite pilnzieda laild (1 — ziedu nav; 9 —gpbadita ziedSana);
ziedu bietba, t.i. ziedu skaits uz zar&&sgriezuma laukumu c¢mn
zara diametra un garunetekme uz ziedu bigau un augpizmetu daudzumu;
audu aizmeSa#s (ierieSalas), apekinot procentdlo audaizmetu skaitu pret
ziedu skaitu;
audaizmehu skaits vertets: < 4% (zems), 5 — 9% arens, 10 — 24% labs,
> 25%]oti labs.

— ZiedputekSnu didzibas pEtijumi (in vitro) veikti 10% saharozek®&luna, gaisna,
temperaira +20.5 °C. Ddzbas noteikS8ana veikta mikroskopar 100 x
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palielinsjumu Ec 24 stundm. Didziba izteikta % fis atkirtojumos. Uzskaiti tie
putekdi, kuru dglstobrs ir gaiks par putekga diametru.

— Razas ertejums:
audu ierikSaras laiks kad 50 % no ad@m sasnhiegusiakSanas gatabu;
audu veidoSaas ilguns dieras no pilnziedaitiz vakSanas gatabai;
gatavo aufu skaituno ziedu skaita (%);
razas bietba- audu skaits pret zarg&8&rsgriezuma laukumu;
raza(kg cm?) no stumbrakgrsgriezuma laukuma.

— Auglu kvalitates \ertgjums:
audu videja masa(qg);
kaulinu Tpatsvars pret adig masu %;
audu cietba; &isto&is sausnas saturs; @ skabju satursnoteikts @gc ieprieks
apraksttas metodikas.

Datu matematiska apstrade.

Meteorolgisko apsiklu at¥kirtbu, k& an razas kvantitato un kvalitaivo
raditaju mijiedarlibu ar abiotiskajiem faktoriem ietekmes un imibas skaidroSanai
lietoti Pirsona vai arSpgrmena korelciju koeficientu apgkini.

Atskiribas starp raZzu, aligvidéjas masas, &k af citam vegetaivo parametru
lielumiem &irném un atlirtotiem nerijjumiem saidzinatas, izmantojot apraksts
statistikas pamatditajus. Lietota rezufttu ranZSana un grugsana, Pptjumu
rezulitus apvienojot oitiski at¥kirigas grum@s izmantojot Tukey testuag apzmgjot ar
mazajiem alfatta burtiem?***®" kur @ viennmer apame mazko Vertibu.

Auglu kvalitativo 1padbu nowrteSanai homogers sistmas izmantota
dispersijas anade (lmtiskuma tmenis 0=0.05) un papildus dispersijas azai tika
izmantots arTjakija (Tukey) tests
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REZULT ATI UN TO ANAL IZE

PLUMJU HIBR IDU 12V ERTEJUMS UN PERSPEKTIVAKO HIBR IDU
IZDAL TSANA

Veselbas savokla izvertgjums. Veicot vesabas sivokla \ertegjumu plimju
izméginajuma, probEmas rafia bopjumu pakipeniska padiSaras — stumbru un
skeletzaru svgSars, mizas atlupumi, saluso dzinumu galu atmirSana. Ar Brball
noverteti pec veseibas sivokla latakie hibiidi: 0658K, 1546 E, 1432 BBPr 6511,
0834 B, 0344H, 0806 Bun O0307.

Turpmikaja petijjuma netika iekauti tie hibidi, kas gjusi bog pilniba (6 gab.)
un tie, kam izraginajuma atlicis viens koks (7 gab). |&ginajuma plamju selekcijas
materals uz@dija batiskas atKiribas gc slinibu izraigtiem bopjumiem un kaiklu
izplatibas, &ipec tika veikts sausplankumalras, plimju risas un aug koku sarkais
tiklerces értejums pa gadiem

Laika no 2007.1dz 2009. gadam tikagxteti 17 hibiidi, no kuriem (pc Tykey
kriterija — gradiciju klase ? konstatti mazkie sausplankumaibas baojjumi:
0834 B, 1401B, 0658K un 0344H; makie risas bdjumi: 1228C, BPr6511,
1432B, BPr8-7, 1401 BPr8932, 1443B BPri10-2, 08568 0658K, 1407B
0344H; mazka tklercu izplatba: 08348, BPr8932, 0344H.

Pec bargis 2009./2010. gada ziemas lielaladano izngginajuma esod
selekcijas matedia caja bop. Meteorolgisko apsiklju at¥kiribas starp gadiem
neradja bitiskas atgirtbas starp sliftou un kai¢k]u izplatbu. Batiskas atgiribas bija
starp hibtdiem. 2010./2011. gada ziema bija kaklgku ziemoSanai nelablga, [Ec
tas vagja atlast ziemcietgakos hibfdus. No 2010.itlz 2011. gadamavtejumam bija
palikusi 9 hibrdi. Sauspalnkumaihas bajjumi batiski neatgiras ne starp hilsdiem,
ne gadiem. Bsas bajjumi batiski at&irigi bija starp hibidiem — izturgakie BPr6511,
1432B, 0658K, 1407B 0344H. Bitiskas atgiribas tkler¢u izplatbai bija starp
hibridiem, bet ne starp gadiem — ralaziz hibfdiem 1228C, BPr6511, 0658K, 0344H.

Hibridi 0658K un 0344H uzradija teicamu iztuibu pret visiem trim gtitajiem
faktoriem, bet iztuigakais pret fisu un sausplankumabu bija hibirdsBPré511

Razas un audu kvalitates izwrtejums. lzmeginajuma hibridiem pirna
uzskaitta raza bija 2004.gad kas deva iegjas \ertét atrrazigakos hibidus — 1228C,
BPrg8932, 1546E. Tiem pirinraza bija ftiski lielaka nek citiem hibidiem, bet
turpmakajos gados neuatiija batisku razas #pumu vai izcilu aufy kvalitati. Razas
un audu videjas masas dati ana#it no 2004. idz 2008. gadam. Ligka raza, kas
sasniegta g cetriem razas gadiem, bijusi hidam 0658K.

Saskaa ar hibfdu ziemcietbas, ves@bas sivokla, razas parametru un dug
kvalitativo ipa3bu iz\ertéjumu pirmaji period, tika izdatti hibridi, kas kompleksaj
vértejuma sasumrgja lielako vertibu BPr6511, 14438 0658K, 0344H. 2010. gadie
hibridi tika iesniegti r@istracijai Latvija. Saskaa ar Augu Kirnu aizsardias likuma
20. panta 4. da 2011.gada jarwi Valsts augu aizsartdras dienests géstréja Sdus
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&irnes nosaukumus) hibrids BPré511 (‘Sonora’), 1443, B(Lotte’), 0344H (Ance’),
0658K (‘Adelyn’ ('Adele").

Vertgjot jauras kirnes no 2009.1tiz 2011. gadam bijaikiskas atgiribas gan
razai, gan aug vidgjai masai (1. tab.).

1. tabula Table 1
Raza no koka, kg un audy videja masa, g no 20091diz 2011. gadam /
Yield per tree, kg and awerage fruit weight, g from 2009 to 2011

&irnes /Cultivars Gads /Years Vidgji raZzas gados /
2009 2010 | 2011 Average per harvest years
Sonora raza lyield 335 36.0 10.2 266
avm (g)/ afw* 46.2 473 50.1 47°9
Lotte raza lyield 7.0 13.2 0 101
avm (g)/ afw 36.1 288] 0 325
Adele raza lyield 32.9 17.3| 138 213
avm (g)/ afw 52.2 61.7] 57.3 5741
Ance raza lyield 26.5 65.0 5.2 32%2
avm (g)/ afw 34.8 31.0, 343 334
p —\ertiba / | raza lyield 0.00 -
p —value avm (g)/ afw 0.00 | 0.3 0.00 -

avm /afw* audlu vidgja masa, g hwerage fiuit weight, g

Butiski augstka vidkja raza bijusi '‘Ancei’, kas 2010. gaslasniedza pat 61.7 kg
no koka. Labu un pa gadiemizinatu razu devuSas @Adele' un 'Sonora'. Visu gadu
augsika audu videja masa bijusi I§rnei 'Adele’ — 57.1 g. & ziemas bajumiem
‘Lotte' uzadija loti zemu razu. 2011. gads a8 pargjam irném (‘Sonora’, 'Adele’,
'‘Ance’) bija izteikti mazrags, betas bija vienas no retan irném, kuam Sap gadi
gan LVAI, gan vig Latvijas teritorig vispar bija raza.

Auglu biokimisko parametru un glabasanas iespju izvertejums tika veikts
laika posma no 2008. idz 2010. gadam. aTka petijuma analigtie gadi bija ktiski
atirigi pec meteorolgiskajiem apsikliem, at¥iras af iegitie dati.

Auglu cietiba bija batiski at&iriga starp gadiem, stargighém, ka an batiska
bija &irnes un gadu mijiedarba (p < 0.00). Trijos gijuma gadosidrném vismazka
audu cietba bija 2009. gaf] bet hitiski ciefaki audi visam &irneém bija 2010. gaal
kad bija ie¥rojami lielaks nokrijiu daudzums, saules intelasit un vidja gaisa
temperaira. Visstabiika &kirne ar vismaizko datu izkliedi bijusi ‘Adele’
(0.73-1.85 kg cif). Visplagika datu izkliede bijusi ‘Ancei' (0.52 — 2.80 kg ém
GlahaSaras laika vismazka cietibas samazas$aras bijusi '‘Adelei’ un 'Sonorai™.

! http://www.vaad.gov.lv/21/section.aspx/390
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Skistodis sausnas saturs(SSS) pa @ifjuma gadiem atdras Hitiski —
10.14 idz 14.96 Brix%. Saus#j2009. gad, 'Ancei' un 'Adelei' [§isto$is sausnas
saturs bija btiski augsiks nek pargjam &irnem, bet 2010. gada karstums un
mitrums pozitvi ieteknEja sausnas satura pali@§anos 'Sonorai', bet devatisku
samazigjumu 'Ancei' un 'Adelei’. GlaSaris laiki &isto&is sausnas saturditiski
nemainjas 'Ancei' un 'Adelei'.

Kopejam skabju saturam matenatiski bitiskas atgirtbas starp I§rneém
nepaidijas. Retijjuma gados tas diski nemainjas 'Ancei' un 'Adelei’, savakt
butiskas izmajas uzaédija 'Sonora’, kam 2008. gadhija augsikais skibju saturs —
1.42%

Izvertejot kopuns visu ¥irnu audu glalaSanas iesfjas dzestava, var seciat,
ka 'Ancei' un 'Lottei' nogatavoSnprocess ir strazks, un auyj batu jarealiz pec
iesyejasisaka laika. Labi glatajas un Enak savas bikimiskas ipagbas maifja 'Adele’
un 'Sonora'. Patép divu nedlu uzglaliSanas to vizalais izskats un garSa bija
saglalajusi savas lafis ipadbas.

Visam &irném cietba samazifjas pieaugot saules radijai un vickjai gaisa
temperairai, bet aufy vidéja masa samazifas pieaugot nokrifiem un vidjai
temperairai. Sirnem 'Adele’ un 'Lotte’ SSS samagjas palielinoties nokrigiem,
pieauga — palielinoties saules rauiiai.

Perspektiivo hibridu apputeksreSaras izmeginajumos ieverojami augstki
rezultiti visam &irnem tika iediti 2008. gad, kad pavasarvidéja un mininala
temperaira bija auggtka, un ziedSanas laiks bija agks nelk citus gadus. Rezati
butiski neat&iras 2009. un 2010. gadkad augpizmetu bija krietni maak.

Skirnei 'Adele’ 2008. gad bija bitiska augaizmetu janija nobire neatkagi
no apputeks#ajskirnes, bet laika apputeksetajskirne bija  'Viktorija'
(70% augpizmetu no apputeksto ziedu skaita). & janija nobires starp
apputeksetajiem nebija fatisku atkiribu ne 2009. gad(9.9 — 21.7%), ne 2010. gad
(25.2 — 36.6%). Iz&loties apputekstaju &irni, audZtajam bitu svargi izlemt dirza
razoSanas raksturu. Ar apputeiajskirni, kas dod labkos rezulitus, var iegt
regubras un pietiekoSi augstas razas, betatiggs razas gadosib jadoma par razas
retimSanu. Ja iz&las apputeksiajskirni ar nereniem apputek&Saras rezultiem,
var iedit labas razas, un nav nepieciesama agéina. §irnei ir labas apputeksgaras
iesfgjas, ja tuvura ir vienlaiagi ziedoSas datlas girnes. Pa gadiem iMaja apput
audaizmehu daudzums vagja robeZs 15.9 — 31.3%.

Skirnei 'Lotte' planojot sadijumu iefko3anu, loti batiski izmantot labu
apputeksetajskirni, lai iegatas razas @tu rentablas. Laika apputeksétajskirne bija
'Viktorija' (pa gadiem augizmehu daudzums robag no 23.7 — 45.8%), imaja
apput 6.6 — 24.0%.

Skirnei 'Sonora’ visus g@tijuma gadus apputeka$aris rezulti bija ar
vismazkajam swrstbam. Vislalikos rezulitus uzadija apputeksgtajskirnes
'Experimentalfiltets Sviskon' (31.8 — 37.8%) un 'Minjona' (27.6 — 42.7RineSir
loti labas apputeksBaras iesgjas, ja tuvura ir vienlaiagi ziedoSas dablas Eirnes
(brivaja apput pa gadiem adgizmehu daudzums swstijies robeis 28.6 — 54.0%).

Skirnei 'Ance' apputekseSaris izmeginajums netika veikts, jo nebija
pietiekoSs atirtojumu skaits kokiem.
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Skirnu paSaugba tika \&rtsta 2009. un 2010. gadTika konstadts, ka 'Ance’,
'‘Adele' un 'Lotte’ ir paSneaughs, bet 'Sonora' ir paSaiggl (2009. gadl 41.1%,
2010. gad 17.6%).

PLUMJU FENOLO GISK A ATTISTIBA AGROKLIMATISKO FAKTORU
IETEKM E

Veicot Etijumu no 2011. idz 2013. gadam, nelaéiigu meteorolgisko
apstklu ce] tika mekEtas iespjas, ki samaziat sala posijumus un to pcietekmi.
Turpnekie petijumi tika veikti, lai noteiktu bora un kalcijarpussaku nmeslojuma
ietekmi uz augu asftbu.

Vegetacijas perioda @kums. Saskaa ar ilggadgu nowrojumu datiem,
Latvija vegetacijas periods ilgst 175 — 195 dienas, un tielypiats, ka tasakas apija
pirmaja delade. Pedgjo septhu gadu nosrojumi liecina, ka véetacijas periods 3aj
laika sacies 2009., 2010. un 2011. gatbet 2007. gaddaudu kokiem veetacija sikas
jau marta nogal Savuldrt, 2008., 2012. un 2013. gadegetacijas periods akas tikai
apila otraji delade. Vegetacijas periodam uakoties pakpeniski, sa cietuSie koki
spej labak atjaunoties.

Ar1 2013. gad apitla otrafi delkade videja gaisa temperata no +2 °Cc&etru
dienu laiki paaugstigjas fidz +8 °C. D#a no strauji saplaukuSajiem kokieraka
dzelet un nokalta. Pumpuru brieSana 'Sonorai' un 'Edinburgas Hercogkas' s
vienlaidagi, bet 'lasei' — 4 i1dz 6 dienas &lak. Saidzinot kalcija un borarpussaku
meslojuma ietekmi uz pumpuru plaukSara2t— 3 dienas agk sakas kalcija variar.
Bora ieteknd auga veéetacijas skums 3 — 4 dienas aizkgas viam irnem, &
mazinot paaugstittas gaisa tempefags radto stresu.

ZiedeSanas fenolgija. 2011. gadi pec straufis temperatras pazemiasaras
februari, pavasartika konstatti izsaluSi ziedpumpuri, salusi ajugzari, ki am nosalusi
koki. Raza Saj gadi nebija.

2012.gads skas ar atkuSu un salu miju. Rimes ziedja bagitigi, bet lielai
daai ziedu nebija dksnu, vai bija grojama salusi ziedgultne.#®hju ziecESanas laiks
bija 1ss (vicEji 6.8 dienas). Viam izmeginajuma ieklautagm irném ziedtSana agik
sakas variani ar kalcija arpussaku mesloSanu, bet nedaudzélgk — ar bora
arpussaku mesloSanu. Gaiks zie&Sanas periods bijadkei'.

2013. gadi vegefacijas periods akas apfla otraji dekade ar |oti svarsigam
temperatram diennakts laik, sakotrgji pumpuru brieSana noga gausi. Maija
pirmaja dekade gaisa vidja temperalra pieauga tik strauji, ka pumpuri saplauka un
uzziecja pusotras nedas laik. 10. maiji saka zied@t 'Sonora’ un 'Edinburgas
Hercogs'. Zie&Sanas laik strauji pieaugot gaisa tempanati, puteku macii atveras
strauji, un jau akamap diera dda no putekSicam bija izzuvuSas. Tasabiski
pazemimja putekdu didzbu. Sirnes 'lase' zie@Sanas laik gaisa temperata
sasniedza + 28.5 °C (18. n@ij kam pilnzieda laik sekoja spcigas lietus zmas
Tas hutiski sdasinaja ziedSanas laiku un samaija apputeksgsaris un apau@sanis
iesggjas. 2013.gaglvidejais ziedSanas ilgums bija vii 10.6 dienas.
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Plamju attistiba saistba ar efektivo temperatiru summu (ETS) batiski
atXiriga bija starp gadiem un wim ieKlautagm irnem (1. att.)

— no vesefacijas perioda akuma (+5 °C) idz ziedSanas zkumam & bija tuvu
literatira minctajai. Zemaka ETS bija 'Sonorai' un 'Edinburgas Hercogam'
2013. gad, kad paaugstitta temperatra izraigja strauju pumpuru astibu;

— no pirmo ziedu atrSaris ldz noziedSanas hdim ETS netika konstatas
butiskas atgirtbas starp variantiem;

- no zied¢Sanas 1z audu ierakSaras laikam ETS 'Sonorai’ un 'Edinburgas
Hercogam' 2012. gadbija bez Intiskam at&irtbam, bet 'lasei' 2012. gaalrazas
nebija. 2013. gad nebija itisku at&irtbu starp variantiem, bet bijaatiskas
atkiribas starplrnem. Audu ierak3aras laika, krasi pieaugot gaisa tempenai
(08.08.2013. temper@t sasniedza pat +33.9 °C), 'Sonorai'liasigauji NOKASOjas
un palika niksti, lai gan garSagpadbas bija stipri neizteiktas. Kayf cieSi tugjas
pie nikstuma, un aug izmers hitiski atpalika no iepriek§os gados narota.
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1.att. Efektivo temperatiru summa C° (ETS) no vgetacijas perioda sikuma lidz
auglu ienakSanas laikam. /
Fig. 1. The effectice temperature sum C° (ETS) from beginning of the vegetation till
[fruit maturing for harvest.
[JeTs 2012. gau/ £75 in 20121 [ |ETS 2013. gaal/ ETS in 2013
..... Minimalais ETS imenis / Minimal level of ETS -----Maksiitais ETS imenis / Maximal level of ETS
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PLUMJU VE GETATIVA AUGSANA BORA UN KALCIJAM ESLOJUMA
IETEKM E

Lai gan plimju audztaju galvenais rerkis ir saisits ar ptimju generailvas
daas afisibu un razu, toRr bez vesabas koka vgetatvas augSanas nav iespms
iegut labus rezulitus. Ka jau mirets, oté posma ptijuma lailke meteorolgiskie
apstkli ziemas periodos bijusi nelafwi.

Stumbra augSanas intensiitei butiskas atgiribas bija starp gadiem. Starp
8kirném un variantiem @tiskas atiirtbas nebija. 2013. gaduzsikot razoSanu, visn
8kirném visos variantos stumbra augSanas indekss sadj@zinBatiskakais
samazigjums bija viam &irnem bora variari

Hlorofila saturs izteikts ka hlorofila koncenticijas indekss (HKI). Gan
sakuma, gan viga izmeginajuma lailé viszenakais vidsjais (HKI) bija &irnei 'Lase’.

2011. gads visam &irnem HKI bija batiski augsiks nek nakamajos gados
(2. att.). Tas strauji samaijas 2012. gadi pec nelabeligajiem ziemas — pavasara
meteorolgiskajiem apstkliem. Kontroles variaat HKI samaziajas visus ptijuma
gadus, kas nada uz to, ka augi, kas bija cietusi, ngapseknigi atjaunoties. Kalcija
un bora variait 2013. gadi HKI siaka paaugstifties. Lai gan 'Sonorai' bija
visaugsikais HKI, tongr tas pa gadiem kés visos variantos.
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2. att. Hlorofila koncentracijas indeksa (HKI) dinamika pa irn ém, variantiem,
gadiem./
Fig. 2. Dynamics of chlorophyll content index (CCI) by the cultivars, variants, years

Kaut af arpussalu mesloSanas variantos HKlabski nepaaugstijas, tas
tomer neturpirmja strauji samazities.

Lai noteiktu arpussaku nmeslojuma ietekmi, tika &teta HKI dinamika pa
gadiem (3. att.).
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3. att. HKI dinamika laika period a no 2011.1dz 2013. gadam/
Fig. 3. Dynamics of chlorophyll content index (CCI) 2011 — 2013

2012.gada unakotrgja (2011.g.) HKI starfba 2013. un 2012. gada HKI staiog /
difference between initial (2011) and 2012 CCI difference between 2012 and 2013 CCI

2012. gad HKI visos variantos un visn kirnem bija samazifjies. 'Lasei' un
'Edinburgas Hercogamfiiski mazk HKI samaziajas kontroles variaat 'Sonorai' —
bora variarg. 2013. gad kontroles variaat HKI turpinaja samaziaties ‘Lasei' un
'Edinburgas Hercogam’', bet kalcija un bora vafigai hitiski pieauga (itipaSi bora
variang). Taslauj seci@at, ka ilgstodka laika period var noerot bora un kalcija
pozitivo ietekmi uz koka atveggSanos. lesgjams, ka bora pozita ietekme saista ar
ta lomu lignna k& Sinapvalku komponenta bioséze un000 kalcija lomu u
membéanu transporta regatija ka an sigralu parraide sinas.

Hlorofila a fluorescences anate izmantota, lai raksturotu fotosézes
gaismas reakciju norisi un augu vitatiit

Fotosisemas |l efektivitates indeks F/Fn. 2011. gad, uzgkot petijumu par
maksinila fotosisEmas Il kvantu efektivittes aditaja F/F,, izmaipam (4. att.), 'lasei’
kontroles variarit tas bija Intiski augsika Itmen neld bora varianta kokiem.
Analizgjot F,/F,, izmainas idz 2013. gadam,iflzigi ka HKI) bitisks pieaugums bija
bora variartt. Paréjos variantos pieaugums nebija statistigkigks.

2011. gad batiski augsiks F,/F, bija 'Sonorai' kontroles variantzensikais
— kalcija variart. Lidz 2013. gadam iiskakais F/F, pieaugums konstts tieSi
kalcija variand.

'Edinburgas Hercogam' A, indekss starp variantiem bija bexitiskam
atirtbam 2011. un 2012. gad2013. gad batisks R/F, pieaugums bija kontroles un
bora variars.

Ja FR/F, ir maziks par 0.8, tas liecina, ka auga lapa nav vesela — FS
(fotosisemai) Il samazias sgja reduét elektronu prinaro akceptoru.
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4. att. Indeksa K/F, dinamika pa &irn em, variantiem, gadiem./
Fig.4. Dynamics of F\/F,, index by the cultivars, variants, years.

Safdzinot HKI izmahas pa gadiem, kad apsvam bija erojams &
samazigjums, fluorescenci raksturojoSaittajs F,/F,, ar katru gadu pieauga, lai gan,
vizuali veértejot, augu vesebas sivoklis pasliktirajas.

Lai preazak izskaidrotu augu fiziolgisko stvokli, tika izmantots arraditajs —
augu vitalitate (Pl— Performents Index). Vidgji pa gadiem unldrném PI bija 2.84.
2012. gad, kokiem uzskot vegeficiju pec bargajiem ziemas apktiem, jinija
veiktajos narjjumos Pl atkaba no %kirnes swrstijas no 0.231dz 0.80, kas nada uz
krasu vese@juma pasliktinSanos. Augos esass hlorofila molekulas bija neakias un
aktivi nepiedaias fotosintzes proces Ta rezulata augu lapojums bija as un
nevesaps. dilija Pl ska pieaugt, un jau augasta bija bitiski augstka, sasniedzot
augsiiko vertibu (no 3.82 Mz pat 5.25), itiskas atBiribas starp variantiem bija
‘Lasei' un 'Edinburgas Hercogam'. 2013. gada @amagu vitaliite bija tuva vidjiem
raditajiem, un lutiskas atkirtbas starp variantiem bija tikailjj a.

RC/ABS raditajs ir viens no parametriem, kas tiek lietots, nosakot hlorofila
efektivitati augos, jo raksturo attigmu starp hlorofila molekam fotosisemu reakciju
centda un antenu pigmentiem hloroplastos Ja notieka§ametra samazisarss, tas
norada uz negatam izmaipam fotosisemu darliba. 2011. gad vel koka bogjumi
netika noeroti, un RC/ABS &ditajs bija samra zems (5. att.). 2012. gadanjja pec
atku$iu radtajiem postiumiem, augu vitalitte bija kritiski zema, RC/ABSaditajs
bija batiski augsiiks nek citos n&rjjuma laikos. Tas izskaidroagec augi izskafas
nevesdyi, lai gan hlorofilaaz fluorescencesaditaji nebija tik zemi. Parasti lalsiigos
augSanas apmtlos Sis #ditajs ir safdzinoSi liekks, jo reakciju centrus veido
fotokimiski akivas hlorofila molekulas, bet mik aktivas kalpo & antenas. Antenu
pigmentu skaita paliel#$aris noada uz fotosigmu darlibas traugjumiem, t.i. uz
mazk aktvu hlorofila molekulu daudzuma pieaugumu. Eams, palielinoties
antenu pigmentu skaitam, augsgma parmkt fotosinezes efektiviites saglafiSanos
un ,cinas” ar trau€jumiem, kurus izraisa vides stresa faktori.
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5. att. Fotosiniezes RC/ABS indeksa dinamika paldrn em, variantiem, gadiem./
Fig. 5. Dynamics of photosynthesis RC/ABS index by the cultivars, variants, years.

Veicot apekinus par RC/ABS aditaju samaziaSanos (fotosigtas
atves¢oSaras atrumu) 2012. gad no janija lidz julijam, visstraujka indekss
pazemiajas 'Lasei' un 'Edinburgas Hercogam' bora vadamias nofida, ka Sa laika
akam &irném boraarpussaku melojums nodrosiaja lielaku hlorofila aktiviZSanos.

Neskatoties uz to, kaalkotrgjais fluorescencesirhenis augaks bija
kontroles variar®t, toner straufika augu atlabSang&@ bitiskiem sala bajumiem bija
bora ietekra.

Pec visu fluorescenceaditaju anaizes var sechit, ka, analigjot tikai F/Fp,
raditaju, netiek iegta pietiekama infor@cija, lai raksturotu auga atbildi uz stresa
faktoriem. Tikai izertejot kopuna hlorofila fluorescenci raksturojoSos parametrus,
var iedit vispusgu inforniciju. Piengram, 2012. gatlpec izteiktiem atkugiem koku
vesetbas sivoklis bija kritisks, lai gan fluorescences inteatstbija pietiekoSi augsta.
Par izteiktu stresa@tokli noradija Pl un RC/ABS aditaji.

PLUMJU GENERATIVA ATTISTIBA BORA UN KALCIJAM ESLOJUMA
IETEKM E

Pumpuru attistibas izgetes rezultati. Lai noskaidrotu pumpuru @agumu,
tika veikta to grbaude. No katraseffjuma ieklautis &irnes tikanemti 5 zari no
dazdam vainaga pusn un veikta uzskaite: uz noteiktu zara garumu sasikaipu un
ziedu pumpuri, no tiem aglginot procentalo nedavo pumpuru daudzumu.

10.01.2011. praktiski nebija kj pumpuru. Bc strauim temperatras
svarstibam, 15.02.2011. veiktajparbaucs:

—'Sonorai' sala bajumi lapu pumpuriem bija 29.9%, ziedpumpuriem 30.1%;
—'Lasei' bojiti 22.8% lapu pumpuri, 15.3% ziedpumpuri;
—'Edinburgas Hercogam' lapu pumpuri nebijaabppojati ziedpumpuri 6.4%.

Pec kartejas temperatras pazemifsaris febrdira beigis un martaakuma tika
veikta pumpuru grbaude 31.03.2011:
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—'Sonorai' sala bajumi lapu pumpuriem bija 41.9%, ziedpumpuriem 44.4%;
—'Lasei" bojiti 44.3% lapu pumpuri, 41.3% ziedpumpuru;
—'Edinburgas Hercogam' taj lapu pumpuri — 15.2%, ziedpumpuri — 28.8%.

Pec kritiskagm ziemam, vegeticija perioda laik turpmako augu augSanu un
attisttbu var ietekrét samaziatais lapu skaits un to vesglims, jo tiek tralgta
normala baibas vielu asimicija.

Vairaki autori ir no&adijuSi uz bora un kalcija pozito ietekmi uz aukaugu
augSanu un asibu, &pec 2011. gada vasatika uzgkta bora un kalcij@rpussaku
meésloSana.

2012. gada jariris bija samara silts, bet febraris — auksts. Veicot
ziedpumpuru Ersgriezuma @rbaudi gc febrdira sala, tie bija dzi, un pumpuru
vidusdda bija zga. Marta beigs salam atktojoties, pumpuru frbaud 24. apfl1 bija
verojams, ka ligdkajai ddai ziedpumpuru bija salusi ziedgultne vai pat visa
ziedpumpura cereta dda. 2012. gada pavasabitiskas atgiribas nebija starp
kontroles un kalcija variantiem, t@mabos variantos saluso ziedpumpuru bijaakair
nela bora variart.

Bitiskas atgiribas bija starp dada vecuma zariem. Pavasastraufika
ziedpumpuru atstiba norigja uz divgadgajiem zariem. 'isei' tika konsta&ti batiski
pumpuru bajjumi 2012. gad (6. att.).

6. att. Sirnes 'Lase’ ziedpumpuri 09.01.2012. (a) un 24.04.2012. (b, ).
Fig. 6. Flower buds of cv. 'Lase' 09.01.2012. (a) and 24.04.2012. (b, c).
(autores foto buthor's photo)

Ziedpumpuru attistibas Etjumi  arpussakpu  meslojuma ietekme.
Vertgjums uzakts 2012. gadl julija tre3aji dekide. Saj laika ziedpumpuru
diferen@Saras bija \Erojama kalcija variaat bet nedlu velak — bora variari
Augusta skuma ziedpumpuru difere@Saras bija @kusies kontroles variamt
Kontroles un kalcija variaat paadijas hitiskas atgiribas starp ziedpumpuru
ierieSanos uz dada vecuma admgariem. Ziedpumpuru astiba uz divgathas
koksnes norija lenak. Bora arpussaku mesloSanas variamtizlidzinajas at¥iribas
starp ziedpumpuru ierieSanos uz ath# vecuma adgariem. Ziedpumpuru asiiba
bija at¥iribas starp Igrném, bet noarpussaku meslojuma Imtiski at&iras bora
variants, kur sala pagimi bija maaki. Kalcija varians sala pogfumi bija lielaki.

'‘Lasei' un 'Sonorai' Sajgadi ziedpumpuru difererSaris notika gande
vienlaiagi. Batiski lenak pumpuru veidoSas norigja ‘Edinburgas Hercogam'.

ZiedeSanas un apputekseSamas parametru verteSana tika veikta 2012. un
2013. gad pilnzieda lailg, vizuali nosakot ziedSanas intendgiti un ziedpumpuru sala
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bojajumus pa variantiem. Ziedanas intengite bija ar ltiskam at&iribam starp

gadiem (p <0.05), bet ne starp variantiem (p > 0.05rtet sala bajjums

matenatiski, nepieadijas hitiskas atgiribas starp gadiem (p > 0.05), lai gan, @lzu
vertgjot, atkiribas bija.

Generativo pumpuru daudzums gc audzarinu vecuma un izvietojuma —
veértgjums tika veikts pc vizualiem nowerojumiem starp I§rném un arpussaku
meéslojuma variantiem;

— 'Lase' augparipus veido strauji, un ziedpumpuri veidojas #fagji anm uz
viengadgajiem zariem, & audaizmethi uz tiem neveidojas (tikai uz vakas
koksnes augariem);

— 'Sonorai' ziedpumpuri batigi veidojas gan uz viengagem, gan veikiem
zariem. Audrarini ir daudzgatyi;

— 'Edinburgas Hercogam' pirmaajziectSanas gaa ziedpumpuri veidojas tikai
viengadgo dzinumu galot#s, tau, veidojot vainagu, parasti 8da tiek apgriezta.
Tas nedaudz aftna raZzoSanasakumu. Ar katru gadu pieaugot dagriniem,
ziedu skaits palieliss, jo ziedpumpuri izteikti veidojas pu&arinos uz veakas
koksnes.

Ziedu skaits apgkinats uz zaral&rsgriezuma laukumu (7. att. A). 2012. gad
izmeginajuma koki pirmo reizi ziedja, ta&u ziemas — pavasara sala anu |
lielaka dda ziedu un augizmehu nobira.
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7.att. Ziedu skaits uz zara Kersgriezuma laukumu (A) un
auglu aizmeSams (audaizmetgu skaits pret ziedu skaitu %) (B)./
Fig. 7. Amount of flower per branch cross section area (4) and
fruit set per amount of flowers, % (B).
I:I 2012. gads 2012 year - 2013. gads 2013 year

23



2012. gad dispersijas an@e atkiribas starp ldrném hbitiskas (p < 0.05):
'Edinburgas Hercods"Sonord, 'Lase®, bet starp variantiem &igas kontroles un bora
variants

2013.gad dispersijas anzk at&iribas starpldrnem bija hitiskas (p < 0.05),
'Sonoraf un, 'Lasei® augsiks ziedu skaits kalcija variant 'Edinburgas Hercods'
neuzadija batiskas atgirtbas starp variantiem. Starpfaktoru ar&aR013. gad batiska
mijiedarliba bija gan starpgtamo pazmi un irni, gan variantu (p < 0.05).k8nes
un variantu savstagm mijiedarliba bija titiska (p < 0.05).

Auglu aizmeSars (7. att. B)apkinata procentos — algizmehu skaits pret
ziedu skaitu. Izteikti rojams Kirpu zied&Sanas un adg veidoSanas raksturs. Lai gan
'‘Lasei' ziedu daudzums bijdoti baditigs abos gados, alagmetu daudzums
vertejams ki zems un bezittiskam at&irtbam starp variantiem.

Abos tijjuma gados iitiski at¥kiras kontroles un bora variants. '‘Sonorai' bora
smidzirajums 2013. gaaldevis ltiski augstku audaizmetfiu daudzumu. 'Edinburgas
Hercogam' au@izmefu daudzums artejams K |oti labs abos gados. Bors veigis
audaizmetu veidoSanos 2012. gadoet bremgjis 2013. gad.

Starp faktoru anate 2012. gad butiska mijiedarfiba bija gan starpgmmo
paZmi un irni, gan variantu (p < 0.05)k8nes un variantu savstajp mijiedarkiba
nebija ltiska (p > 0.05). Starp faktoru areal 2013. gad bija bitiska mijiedaritba
starp @gtamo pazmi un %irni (p < 0.05), l& an starp &irni un variantu (p < 0.05).

ZiedputekSpu didzibas pettjumi (in vitro). ‘Lasei' putekdu didziba uzlabajs
tikai boraarpussaku meslojuma variart; 'Sonorai' puteki) didziba bija vidgja ~
50%, un latiskas atirtbas starp variantiem nebija. 'Edinburgas Hercogam' puteks
didzba ~ 70%. Lai arputek$u didzibai starp variantiemibiskas atgiribas nebija,
vizuali veértejot, kontroles un bora variantiiglstobru augSana garamotika strauk.

RAZAS UN AUGLU PARAMETRU V ERTEJUMS

Raza ir viens no svagakajiem %irnes raksturlielumiem. Ne vierembagditiga
ziedkSana un audg aizmeSafis nodroSina stiijuma augstku produktivisti.

Auglu ienakSanas laiksir atkafgs no gada meteord@iskajiem apsgtkliem, un,
pec daudzu autoru nadita, dazkirt var atgirties pat par vaiikam nedlam. Sirnem
razas ieakSaras laiks ir atkaigs af no kirpu biologiska rakstura.

Sap petfjuma atiribas bija tikai bora variantam, kur duignacas 2 — 3 dienas
Vvelak.

Auglu veidoSaras ilgums bijis batiski at&irigs starp gadiem. Wiski 1saks
audu veidoSaas laiks bija 2013. gaxl bet nebija btiskas atkiribas starp variantiem
(p > 0.05).

Izvertejot 2012. gada meteorofgsko faktoru ietekmi uz adg veidoSaas
ilgumu, kutiski pozitiva korefcija bija saules radgcijai (r,x = 0.77; p < 0.05). Btiska
negatva ietekme bija vigiai un maksiralai gaisa temperatai (atam — r, = —0.63;
p < 0.05).
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Izvertejot 2013.gadu — latiski pozitiva korehcija bija nokrifiu daudzumam un
minimalajai gaisa temperatai (attiedgi r,x =0.76; p < 0.05 un,r=0.68; p < 0.05).
Nevienam no meteoraliskajiem apstkliem nepieidijas hitiska negava korefcija.

Vertejot gatavo audu skaitu no ziedu skaita(%) (8. att. A), azas biezbu
(audu daudzumu no zar&&sgriezuma laukuma) (8. att. B) uazu no stumbra
&arsgriezuma laukuma (SSi(kg cni?) (8. att. C) saglatjas hitiskas atkiribas starp
&irnem (8. att.).
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8. att. Gatavo audu skaits no ziedu skaita(%) (A);
razas biema (B) (audu skaits no zar&8rsgriezuma laukuma) uaza no stumbra
kergriezuma laukuma (kg cmi?) (C) 2013. gad pa %irn em, variantiem, gadiem
Fig. 8. Amount of fruits per flower (%) (4);
yield density (B) (number of fruits per branch cross section area) and amount of fruits

per trunk cross section area (kg em™) in 2013 (C) by the cultivars, variants, years.
I:I 2012. gads 2012 year - 2013. gads 2013 year

25



2012. gad pec jau iepriekS apraksiem meteorolgiskajiem apstkliem ‘Lasei’
audaizmeni veél bija (7. att.), t&u gatavo auy nebija (8.att. A). 'Sonorai' nebija
butiskas atgirthas starp variantiem. 'Edinburgas Hercogam' gataviu @agidzums no
ziedu skaita titiski augsiks bija bora variaat

2013. gad 'Lasei' bija loti zemi razas parametri un bez l@ttham starp
variantiem (8. att. B). 'Sonoraiiitiski augsiks gatavo aug skaits no ziedu skaita un
zara SL — bora variantbet 'Edinburgas Hercogam' — kontroles vagiant

Vertejot razu no stumbrak8rsgriezuma laukuma (8. att. C) 2013. gadtiskas
atkiribas bija tikai Birnei 'Edinburgas Hercogs' starp kontroli u@inpussaku
méslojuma variantiem. Lai noteiktu stabilit parametram - raza no SSL,
nepiecieSams veikt ilgtergm noerojumus. 2012. gadgatavie aul tikpat ka nebija,
apekini netika veikti.

Ja 'Sonorai' bors veidijis lielaku audaizmetiu un gatavo alg daudzumu, tad
'Edinburgas Hercogam' labas razasagsaimazigjis audu daudzumu no ziedu skaita.
Ari literatiira mingts, ka bors darbojasikaudaizmetu daudzuma regéthjs, bet &das
tendencesgbaudei latu javeic patijumi ar lielku irnu klastu.

Auglu kvalitates \ertejums. Svalgi bija noskaidrot, &da bijusiarpussaku
meslojuma ietekme uz algkvalitatvajiem faditajiem.

Auglu videjai masai batiskas atirtbas starp variantiem netika konstas
(p = 0.138). Htiskas atgiribas bija starpldrnem (p = 0.00).

Safidzinot ar pirm posma ptjjumiem no 2008.11z 2010. gadam, kad 'Sonorai
vidgji trijos gados vidja audu masa bija 47.9 g (pieder gdi lielu audu grupas virs
45 @), 2013. gaalta vidgji starp variantiem bija tikai 36 g.

Latvija 90.— tajos gados vekkipetijuma 'Lasei' audu videéja masa bijusi 26.9 g
(22 — 41 @), kas iritiski zenska par S& petijjuma laika uziadito videjo masu 44.7 g.
Tas skaidrojams ar zemo razu 2013.agg0d raza un audg vidéja masa uzda
negatvu korehciju.

Kaulinpu 1patsvars pret augu masu nebija hitiski atirigs starp variantiem.
No &irnem mazkais kaulpaipatsvars bija 'isei'.

Auglu cietibas un bidkimisko raditaju izpéeti veica 2013. gai] nosakot aulg
ciefibu, kisto$is sausnas saturu ungjamo skibi.

Auglu cietibai bitiskas atgiribas starp variantiem netika konstas. Audu
ciefibas svagaka noZme ir audgu transpo®Sara un svaigu augl patrina kvalitate.
TransporgSanai nederaslieku miksti audi, bet svaigam patinam — farak cieti audi.
Saja pétijuma gad Xirnes 'Sonora' aligm paaugstiitas temperaras ietekra
efektvas temperatras summa, kas nepiecieSamalaugidoSanai, sakjas 1saka laika
posnd, izraisot priekslairgu audu nogatavo$anos (0.72 — 0.83 kgyndartejot audu
ciefibas izmajas arpussaku neslojuma ietekrs, atkirtbas starp variantiem nebija
batiskas (p > 0.05).

Skisto&is sausnas saturambitiskas atfiribas bija starp variantiem s
8irném. Saidzinot ar pirma posma ptijumiem laika posm no 2008. idz
2010. gadam (10.14 — 14.96 Brix%), 2013. mddrnes uzadija augsiku istodis
sausnas saturu.akei' bora raslojums ir darbojies saska ar literatira mingto — SSS
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bija augsiks nek kontroles variaat Paréjam irném bora variarik sausnas saturs
bija batiski zengks (p < 0.05) — 'Sonorai' 13.5 Brix% un 'Edinburgas Hercogam'
13.4 Brix%, bet augsks saidzinot ar patrétajiem ieteicamo miniralo Itmeni (virs
12.5 Brix%). Kalcija variart SSS Itiski zeniiks neld kontroles variamt 'Lasei’
(14.2%) un 'Edinburgas Hercogam' (14.5%).

Kopejo skabju saturs bitiski augsiiks bija kontroles variantos Vvis1 &irnem.
Kalcija un bora variantiem dgibas bija, bet netbiskas. 'lasei' skibju saturs bija
robesas no 1.44 idz 1.61%, 'Sonorai' 1.21 — 1.51%, 'Edinburgas Hercogam' —
1.46 — 1.59% rob@g. SaidzinoSi ar pirma petijuma posm veikto kogEjo skabju
satura anatem laika posra no 2008. 1dz 2010. gadam, 2013. gaths bija latiski
augstks.

Lai noskaidrotu meteorofisko apsiklu ietekmi (no ziegBanas beimn ldz
audu nowakSanai) uz aug ciefbu un bidimiskajiem &ditajiem un to, k& arpussaku
meslojums maifjis So apstklu ietekmi, tika veikta korétijas anakze (2. tab.).

2. tabula Table 2
Biokimisko parametru un audu cietibas korekcijas analize/
Correlation of biochemical parameters and fruit firmness

Biokimiskie radtaji pa variantiem / Biochemical parameters by variants

Korelgjo&s pazmes/

) cietiba /firmness sausna §SC* skabe /acids**
Correlation features
kontrole / kontrole kontrole/
Ca B Ca B Ca B
control control control
sausna §SC* 0.81 -0.60| 0.15 - - - - - -
skabe Jacids** 075 | 0.87| 0.92 021 [-092| 052 - - | -
nokrisyi /. 0.86 | 0.82| 0.99 0.40 | -0.95/0.20| 0.98 | 0.99| 0.94
recipitation
ETS /effective

0.99 0.99| -0.39 0.79 | -0.68| -0.9Y 0.77 | 0.92| 0.72
temperature sum

videja temperaira /
lawerage temperature
mininala temgeratira
minimum temperature
maksingla
temperaira / -0.86 |-0.08(-0.94| -0.40 | 0.85| -0.48 -0.98 | -0.57-0.99
maximal temperature
saules radcija / 011 | 0.03] 031 -049 | -0.82| 0.99 0.75 | 0.53| 0.65
solar radiation

Sausna §SC* Skistodis sausnas satufsoluble solid content
Skabe /Acids** kopgjo skabju saturs total content of acids

-0.45 |-0.21|-0.94| 0.16 | 0.91 |-0.48 -0.93 | -0.67]-0.99

0.86 0.82| 0.94 0.40 | -0.95| 0.4 0.98 | 0.99| 0.99

Tikai isto$is sausnas saturam kaja gan ar kopjo skibju saturu, gan
meteorolgiskajiem parametriem bijusi amitiskam at¥irtbam starp variantiem. Gan
audu cietbai, gan kopjo skabju saturam koratiju sakatbas ar meteorofgiskajiem
apstikliem starp variantiem bijadzigas ar atgrigu koreficiju cieSumu.
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ARPUSSAKNU MESLOJUMA IETEKMES INTEGR ETAIS VERTEJUMS

Lai noteiktu arpussaku neslojuma ietekmi uz gijuma lailka analiztajam
pazmem, tika veikts integits \ertejums pa Eirném, variantiem un gadiem. Integais
nowvertejums veikts pc 32 pamju apkopojuma (2012. gad 3 ertejumi, 2013. gad
19 ertejumi). Sgirnem arpussaku nEslojumam poziva ietekme pa gadiem bija
atXkiriga.

Kontrol&irnei 'Edinburgas Hercogs' bofispussaku nmeslojums devis mak
poziivu ietekmi nek pargjam &irnem, bet no kalcijaarpussaku meslojuma
sumnetaja vertgjuma pat negavu rezulitu. Kalcija neslojums liekko pozitvo
ietekmi devis Birnei 'Lase’".

Arpussaku meslojuma ietekmes integi vertéjuma kopsavilkums atots
9. atela.

o kontrole / control
2 Ca
— 4
B ] 6
w kontrole / control 0
5 —— — = _
5 Ca I—
2 B 1 7
% @ kontrole / control 0
> - 1
2 Ca —/1
= i
oT B 1 5

9. att. Arpussaknu meslojuma integretais novert gjums, balles /
Fig. 9. Integrated evaluation of foliar sprays, points
kontrole = 0 kontol,
arpussaku meéslojuma ietekme itiski labaka par kontroli = +1 /
influence of foliar sprays was better than control = +1;
arpussalgu meslojuma ietekme iitiski mazka par kontroli = -1 /
influence of foliar sprays was worse than control = -1;
ja at¥irtbas nav bijuSasitiskas, ¥rtgjums dots KO /
if differences was not significant, evaluation 0.
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SECINAJUMI

Pec saimnieciski namigakajam paZmem no iz\ertéta plamju hibiadu
materala lakiakie bija 0658 K (‘Adelyn’/‘Adele’/), BPr 6511 (‘Sonora’),
0344 H (‘Ance’) un 1443 B(‘Lotte’"), kas iesniegtil§rnu registracijai Latvija.
'Viktorija' ka labaka apputeksetajskirne bija %irnei 'Adele’ (autpizmeti I1dz
pat 70% no apputeksto ziedu skaita) unkirnei ‘Lotte’ idz pat 45.8%;ldrnei
'‘Sonora' visus g@ifuma gadus bija labi un stabili apputeéSaras rezulsti
(28.6 — 54.0%) ar vienlaigi ziedodm &irnem (pasSaugbas pakpe pa gadiem
17.6 — 41.1%)).

Arpussaku nmeslojums litiski neietekngja plimju fenolgiisko attstibu, bet
tika konstattas tendences, ka zi&hnas akumu patrinaja kalcijaarpussaku
meéslojums, bet bors aizkaja ziedtSanu un aug ierakSanos.

Vertejot auga fotosiréizes norisi (hlorofilaa koncentécijas indeksu un
fluorescencesaditajus — Fv/Fm, RC/ABS, PI) konstas, ka boraarpussaku
meéslojuma ietekra augi [Ec agroklimatisko faktoru rath stresa atjaunag
sekmgak un uzgkot razoSanu, salzinot ar @rgjiem variantiem, tiem stragi
samazigjas vezetatvas augsanas intenaie.

Augstika ziedputek§u didziba bija &irnem ‘Edinburgas Hercogs' — 70%,
‘Sonora’ 50%, betk&nei 'Lase' zema gan kontroles, gan kalcija vaggiz
10%), auggika bora variamt (20%).

Kalcija arpussaku neslojums sek®ja ziedtSanas intendgiti, bet bora
arpussaku nmeslojums vairura gadjumu veicirgja audgu aizmeSanos.
Nelabligo ziemoSanas apktu un kraso temperatas swrstibu dl
vegetacijas perioda @kuma plimém raZas nebija 2011. gadie traugja audu
attistibu un samazija razu 2012. gad 2013. gad raZzas veidoSas uzlabojs
variant ar boraarpussaku meslojumu, kas nodroSija augsiku gatavo aug
skaitu.

Meteorolgisko apsiklu izmahas viskrask ietekn€ja Listo&s sausnas saturu
audos. irnei 'Sonora' prmerigi strauja efekvo temperatru summas
sasniegSana (~1200 — 1250 °C) noteitraku audu ierakSanos un itiski
samazigja audu kvalitati. Pargjam &irneém jutiba uz temperatas izmapam
bija mazka.

Integrktaja vertejuma no 32 parametriem bompussaku meslojums paidija
pozitvu ietekmi uz augSanu un wtibu Xirnei ‘Lase’ 13 parametros
(sumnari +6), 'Sonora' 13 parametros (suamim+7), 'Edinburgas Hercogs'
14 parametros (sundm +5).
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INTRODUCTION

The assortment of adapted domestic pluPufus domestica L.) cultivars
answering the needs of consumers and the market in Latvia needs improvement. La
of such cultivars reduces the wish to grow plums commercially, therefore plum
plantations do not increase in area and are aging rapidly. The majority of plun
cultivars grown in Latvia are self-sterile or partially self-fertile. For this reason
unsatisfactory pollination results in siginificant decrease of yield. Changing
meteorological conditions affect plum tree growth, flowering and production.

The main tasks of plum breeding include increased cold hardiness, a small tre
easy to train, self-fertility and fruit quality. Self-fertile cultivars have more regular
yields, as they are less affected by weather conditions. By determining the factor
influencing plum flower bud development and flower fertilization as well as choosing
the most suitable pollinizer cultivars, it is possible to achieve an optimal amount of
yield. Pollination may vary in dependence of the growing site and conditions.
Therefore it is important to study the flowering biology of plum cultivars and their
interaction at self pollination and cross pollination.

To ensure successful fertilization resulting in good fruit yield, it is essential to
determine pollen quality and viability. Cultivars with low pollen germination are not
suitable for fertilization of other cultivars.

The possible reasons of low yield in Latvian conditions are insufficient flower
bud winter-hardiness, insufficient or unbalanced nutrient content in soil, uptake o
which is influenced by weather conditions during the growth season. Different harmful
organisms and injury caused by these significantly decrease the surface ¢
photosynthesis and affect tree health and productivity.

Aim of the study

Selection of plum cultivar candidates by complex evaluation of hybrids;
evaluation of abiotic factors influencing plum—tree development and productivity.

Hypothesis

Analysis of factors influencing plum-tree growth and production and
introduction of new promising cultivars for cultivation in Latvia will have positive
effect on plum yield quality and increase of plantation area.

Tasks:

1. To select perspective plum hybrids from the breeding material;

2. To determine plum-tree phenological development under influence of agro-
climatic factors;

3. To determine vegetative growth under influence of boron and calcium foliar
fertilizers;

4, To determine generative development under influence of boron and calciun
foliar fertilizers;

5. To evaluate the yield and quality of fruits under influence of agro-climatic
factors.
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Novelty and scientific significance

For the first time in Latvia research was carried out on the influence of boron
and calcium leaf fertilizers on plum-tree growth and development.

After 10 years interval four new plum cultivars have been handed in for
registration.

The results of the study were publishedn 9 scientific papers in English,
Latvian and Russian, including international peer-reviewed publications of
international conferences and symposiums.

The results of the research were presented in 10 oral reports and 8 posters at
international scientific conferences, symposiums and seminars.

The results of the research were obtained with the help of the following
projects:
1. ESF project ,Support to doctoral studies at LUA”, Agreement
Nr. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.
Contract Nr. 04.4—08/EF2.D1.30, for the period of 01.03.2011. — 31.08.2013.
2. ESF limited selection project “Support to the implementation of doctoral study
programs” project ,Support to doctoral studies at LUA”, Agreement Nr.
2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.
Contract Nr. 04.4—08/EF2.PD.84, for the period of 01.09.2013. — 31.08.2014.

3. Latvia Council of Science project ,Selection and technological research of fruit
and berry cultivars suitable for integrated growing” (2005—-2007).
4. Research project by order of Ministry of Agriculture ,Specification of

environment-friendly technologies in fruit and berry plantations in different
soil, and climatic conditions” (2007.—2009.).

5. Latvia Council of Science grant ,Research and improvement of apple, cherry
and plum breeding material with development and implementation of molecular
biology technologies” (2009-2012).

6. Ministry of Agriculture Rural development research project ,Development of
sustainable fruit growing using growing technologies friendly to the
environment and waters, preserving the rural landscape, to reduce the climatic
change and to support biological diversity (2010-2011).
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MATERIALS AND METHODS

Location, object and growing technologyThe research was performecdtia
Latvia State Institute of Fruit-Growing (LSIFG), Dobele, in two periods.

First period — evaluation in Latvia field conditions of elite hybrids selected in
Sweden, with the aim to select the most promising hybrids for cultivar registration.
The trial at the LSIFG was established in 1998 with 30 elite plum hybrids obtained a
Balsgard — Institute of Horticultural Plant Breeding (now — Department of Plant
Breeding and Biotechnology, The Swedish University of Agricultural Sciences
(SLV)), in three replications, one tree per replication. The study was done in year
2008 — 2010 with 17 selected hybrids. As a result of the first stage of research fol
most promising hybrids were selected for cultivar registration in Latvia.

Second period —including the most perspective of the selected candidate
cultivars in further research, comparing with varieties widely grown in Latvia. The
study was done in 2011-2013 in a plum trial planted in 2008 at the LSIFG. Three
cultivars were chosen for the research:

'‘Sonora' is the most promising cultivar selected during the first period. It was
handed in for registration in Latvia in 2011. The cultivar has demonstrated self-fertility
and has perspective for commercial growing. In 2010 and 2011 it was planted for trie
at several farms in Latvia and for variety testing in other countries.

‘Lase’ is cultivar registered by LSIFG in 1998, with high quality fruits, but its
yields during the recent years have been very low.

As control was chosen the cultivar 'Edinburgas Hercogs' (syn. ‘Duke of
Edinburgh’ or 'Prince of Vales'), originated in 1830 in Great Britain, self-fertile,
cultivated worldwide and the third most popular cultivar in Latvia for a long time.

The study included evaluation of plum-tree development under the influence of
agro—climatic factors, their vegetative growth and generative development, as well &
yield and fruit quality as influenced by boron and calcium foliar sprays.

After evaluation of cold injuries in spring of 2011, a possibility to reduce
winter damages in the next period was searched. After analysis of scientific
publications it was decided to establish a trial in three variants: control, calcium an
boron foliar treatments.

The trial has been planted on typical sod carbonate soil, with 5 m between row
and 3 m between trees. Management of plantation: cutting of grass in alleyways, roc
tilling of tree rows, crown thinning and removing of damaged branches, white—
washing of tree trunks, pest and disease control with pesticide sprays.

Meteorological conditions

During the first stage of trial the most radical changes in the experimental
plantation were caused by the winter of 2007, when in the 1st decade of January tl
average air temperature was +5 °C, but by the end of 2nd decade it started to fall.
February the average air temperature was B Bower than the norm, with severe
black frost. March was much warmer than usually (average air temperature wa
+4.9 °C), the snow cover thawed early, fruit trees had early bud break, but in the
beginning of April the temperature fell to —7 °C. The plum trees in some locations o
Latvia were totally destroyed. In the beginning of May the temperature for some
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nights decreased to -5 °C, there was no plum yield. After the study was started in
2008, the meteorological conditions were in range of the norm, without extreme low or
high temperatures. The vegetation period of 2010 was significantly longer and moister
in comparison with long—term observations, which allowed to evaluate the adaptation
of hybrids to untypical conditions. Because of higher humidity the tips of vegetative
shoots did not mature.

During the second stage of trialthe meteorological conditions were
unfavourable to tree over—winterinig. 2010 and 2011 abundant rainfall from July to
September hindered orchard management, causing too vigorous growth of annual
shoots and shoot maturing in autumn was delayed, the shoots could not mature
successfully. Possibly it was one of the reasons for winter injuries in the next year.
During the winter of 2010/2011, in December the snow cover was about 40 — 50 cm,
the soil under snow was not frozen, at the end of December a thick ice crust developed
causing severe damage of tree trunks for a second season in row. After a prolonged
thaw, in the 2nd decade of February the temperature fell even to —24 °C. Starting with
year 2011, the condition of tree trunk wood significantly worsened, the plum
flowering was very weak. After the spring of 2011 the area of plum orchards
drastically decreased in all Latvia. The weather conditions during summer were
favourable for the development of generative buds. In total the growth season was
shorter by a few days, but the sum of effective temperatures was higher than the long-
term average by 630 °C. In the autumn of 2011 because of too high precipitation the
trees could not mature properly and to enter physiological dormancy. Winter cold
started only in the 2nd half of January 2012, when the majority of cultivars either had
not developed sufficient resistance to low temperatures or had already lost it. The
flower buds had formed in abundance, but bud damages were observed. During the
whole growth season of 2012 the harmful after—effect of the winter was felt, with
branches drying away, flower buds and flowers falling off, and whole trees perishing.
The weather conditions in summer were favourable for flower bud development, but
the relatively cool vegetation period (sum of effective temperatures was only 1736 °C)
had negative effect of fruit flavour. Later ripening cultivars did not collect enough
sugar and tasted insipid. The winter temperatures in 2012/2013 had no negative effect
on tree over-wintering. March was unfavourable to the plants because of sharp day and
night temperature fluctuations, with —15 °C at night and up to +10 °C during day. The
spring of 2013 was very late, in the 1st decade of April the average air temperature
was only —0.3 °C. Plum vegetation started in the 3rd decade of April (for the latest
cultivars — 1st decade of May), but already in the 2nd decade of May, when plum
flowering begun (May 10 to 20), air temperature increased up to +30 °C. During the
flowering of late-blossoming cultivars, very intense rainfall and wind destroyed part of
the flowers, washed away pollen, thus causing problems of fertilization. During the
first stages of fruitlet development no significant deviations of meteorological
conditions were observed, but in August, when the temperature increased above
optimal (+33.9 °C), normal fruit maturation was disturbed. Part of cultivars had small
fruits with high acidity and increased stone adherence to flesh. Notably high
precipitation was observed in the end of the vegetation period (in September the
rainfall was 130.7 mm) however the autumn was long, and the shoot tips matured well.
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Methods of evaluation
During the first stage of research,in years 2008 to 2010, evaluation of

17 hybrids was carried out, but after the critical winters (2009/2010 and 2010/2011
eight elite hybrids had survived till year 2011. During the first stage the following
evaluation was done:

Tree condition (in points), taking into account the healthiness of tree crown and
trunk, the vigour of vegetative shoot growth and cold injury: 5 points — tree with
vigorous vegetative growth (shoots over 60 cm), without visible damage of woody
parts; O points — the tree has perished;

Evaluation of the influence of individual biotic factors:

European red spider mispeciesPanonychus ulmi Koch. larvae were counted in
spring on the lower side of leaves using the following rating: no mites — 0 points,
10 and more per leaf — 5 points;

Shot hole(Stigmina carpophila (Lev.) Ellis) and_plum rustTranzschelia pruni —
spinosae Pers. andranzschelia discolor (Fuck.) Tranzsch. & Litv) were evaluated
on leaves: no injury— 0 points; over 80% leaf surface affected — 5 points;
Evaluation of plum hybrid yield and fruit quality. Yield was weighted in kg per

tree, fruit average mass (g) was determined by weighing of 50 — 100 fruits in ar
unsorted sample;

Evaluation of fruit firmness, biochemical parameters and storage potentiaFruit
analyses were dondirectly after harvesting (1st time), after 1 week of cool storage
(2nd time) and after 2 weeks of cool storage (storage temperature +3 + 1 °C, humidi
89 + 2% RH). Each measurement was done in 20 replications from cultivars 'Ance
'Lotte’, 'Adele’, 'Sonora'. The parameters analysed were:

Fruit firmness with digital penetrometer (kg cfy (measurement error

+ 0.01 g crif) according to the standard BS EN 12143 (July 1, 2001):

Content of soluble solidérix%) in fresh fruits (ISO 2173:2003) at temperature
20 °C with digital refractometer ATAGO N20 (measurement error + 0,1 %)
according to the standard BS EN 12147 (July 1, 2001);

Content of total acid&o) (titration with 0.1V NaOH);

Finding of the most suitable pollinators — branches of tested hybrids were
bagged with counting the flowers. At balloon stage the flowers were pollinated
with the pollen of 5 cultivars in two replications (Victoria®, “Julius’,
'Experimentalfaltets Sviskon', "Minjona’, “Jubileum®), for control one branch was
left unbagged with counting the flowers, to analyse open pollination. Fruit set
revision was repeated twice (first — 2 to 3 weeks after pollination; second — afte
June drop). In revisions the fruitlets were counted and their amount (% of
pollinated flowers) was calculated;
Self-fertility was evaluated by pollination of each hybrid with its own pollen,
counting of fruits and calculating their amount as % of pollinated flowers.

In the analysis of factor interaction the year as a factor was evaluated by th

differences of meteorological measurements.
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During the second stage of researcfiom 2011 till 2013 the study was done

with three cultivars and three foliar fertilizer treatments (control, boron (B), calcium
(Ca)). During this stage observations were performed on tree phenological and
generative development and vegetative growth.

Evaluation of factors influencing plum-tree phenological development:

Beginning of the vegetation perig@lmarked at the time when the averdgg and
night temperature reaches +5 °C; the length of the period — in comparison with
long-term data;
Flowering phenologyvas evaluated in 2012 and 2013, taking notes of first open
flowers — A; 50% flowers open — B; up to 80% flowers open or full bloom — C; end
of flowering or petals fallen — D;
Sum of effective temperaturesit different seasonal stages of plum-tree
development was calculated by summarizing the average temperatures above
+5°C. Calculation was done by the formula 1.
Boron and calcium foliar sprays- two trees per variant, three branches in each
replication. Spraying with foliar fertilizers was started in July 2011 with
0.25% boric acid KBO; (at each spraying 0.8 g or 480 g'hdotal in four
sprayings 1920 g Ha and with 2% calcium nitrate Ca (NJ@ (at each spraying
2 g or 1200 g hj total in four sprayings 4800 g hj

During the years 2012 and 2013 foliar fertilizing was applied:

first application — after pedicel elongation (phase 57 — 59 by Meier, Graf,

Hack et al., 1994); second time — after three weeks, third time — in June, fourth time —
in July.

All the following investigations have been performed in dependance of the

fertilizer treatment and cultivar.

Observations of vegetative growth:

Trunk and branch cross section aresing measurements &nealculated by the
formula 2,

Trunk growth intensitycalculated by the formula 3.

Chlorophyll contentmeasurements were done using chlorophyllometer Opti—
Science CCM 200, determining the light radiation passing through the leaf at
wavelengths 940 and 660 nm, marked as chlorophyll content index (CCI).
Measurements in 2011 were done before the foliar fertilizer treatments. In 2012
and 2013 measurements were done during the growth season, from June to October
once in a month. Measurements were made on each tree choosing five leaves in the
middle part of shoot in different sides of the crown (NE, NW, W, SW, SE). On
each leaf six measurements were taken.

Fluorescence measurements of chlorophyliwere made using Handy PEA
(Hansatech Instruments, Ltd., GB) portative fluorescence meter. Measurements
were done on each tree, choosing five leaves in the middle part of shoot in different
sides of the crown. The leaves were shaded with cuvettes for 20 minutes, providing
tissue adaptation to darkness, which is necessary for the measurements. After that
the leaves were submitted to a light impulse. Durance of fluorescence analysis is
one second. Low intensity modulated light is used to determine the level of initial
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or minimal fluorescence @Fin leaf tissues, and saturated intensity light impulse —
for maximum fluorescence level {J; followed by calculating of variable
fluorescence f(difference betweenfand k).

Photosystem Il effectivity index,f~,, was calculated by the formula 4.

Plant performance index (Pl¢haracterizes plant vitality and unites several
parameters — density of photosystem Il active reaction centres (total number
transportation of light quantum in the photosystem and the effectivity of
transportation of the absorbed energy through electron chains — if the index i
higher, the plant’s use of its chlorophyll is more intense. Pl is more sensitive thar
other indices of fluorescence and therefore is very useful for screening in
physiology, environment and technologies research.

RC/ABS (RC - reaction centres; ABS — photon antennary complex absorption)
shows the photosynthesis reaction centre and antennary pigment relation to t
amount of absorbed light. The increase of antennary or auxiliary pigment
chlorophyll molecule amount indicates disorders of photosystem activity. Reactior
centre activityis higher in favourable conditions and is formed by photochemically
active molecules, while antennary pigment molecules pass over the attached ligl
quantum to the chlorophyll molecules in the reaction centre and thus ,work” in
behalf of the plant.

Both PI and RC/ABS values are obtained simultaneously with fluorescence
measurements using Handy PEA.

Observations of generative development:

Phases of flower bud developmentre studied with the help of the morpho-
physiological method. Beginning with the start of bud differentiation (end of July)
till October 5 — 10 buds were taken from different sides of the tree crown. The
buds were cut lengthwise through the central axis. In winter the buds were take
once in a month and after significant temperature decrease. In spring — at the fin
stage of bud differentiation — the degree of winter injury was determined.

Cold injurieswere evaluated by 1-9 point scale (1 — no injury; 9 — all flower buds
perished).

Evaluation of flowering and pollination parameterswas done by determining:
Flower densityi.e. number of flowers per branch cross sectiof cm

Fruit setcalculating the percentage of fruitlets in relation to the number of flowers;
Branch diameter and lengitfluence on flower density and number of fruitlets;
Flowering intensityat full bloom (1 — no flowers; 9 — abundant flowering);

Amount of fruit setwas rated: < 4% (low), 5 — 9% average, 10 — 24% good,
> 25% very good.

Evaluation of pollen germination (n vitro) was done according t&oskela

(Koskela, Kemp, van Dieren, 2008) in 10% sucrose solution, in light, at
temperature +20.5 °C. Germination was determined by microscope at 100
magnification after 24 hours, in three replications. Germination was expressed il
%, counting the pollen grains with the pollen tube longer than the pollen diameter.

39



— Evaluation of yield:
Time of ripening when 50 % of fruits have reached harvest maturity;
Time of fruit developmenin days from full bloom till harvest maturity;
Amount of mature fruitén relation to the number of flowers (%);
Yield density— number of fruits per branch cross section;
Yield amount(kg cm?) per trunk cross section area.

— Evaluation of fruit quality:
Average fruit weigh{afw) (g);
Stone sizen relation to fruit weight %;

Fruit firmness; content of soluble solids; total acuistermined by methods
described above.

Mathematical processing of data.

For analysis of the influence and significance of factors — differences of
meteorological conditions, qualitative and quantitative parameters of vyield in
interaction with abiotic factors — calculations of Pearson or Spearmen correlation
coefficients were performed.

Differences in yield, fruit average mass, as well as differences of other plant
parameters between cultivars and measurement replications were analyzed using basic
indices of descriptive statistics. Ranging and grouping of results into significantly
differing groups was done by the use of Tukey test, indicating the groups with letters
abcdefdh \yhere® always means the smallest value.

For the valuation of fruit qualitative traits in homogenous systems dispersion
analysis was used (level of significanee).05) and, in addition to dispersion analysis,
also the Tukey test.
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RESULTS

EVALUATION OF PLUM HYBRIDS AND SELECTION OF THE MOST
PERSPECTIVE HYBRIDS

Evaluation of tree health. At evaluation of the tree health in plum trial
problems were caused by gradual disclosure of the damage — gummosis of trunk and
branches, bark peeling off, dieback of cold-injured shoot tips. In evaluation of tree
health the best results showed hybrids without damages, evaluated by 0 points: 0658K,
1546 E, 1432 B BPr 6511, 0834 B 0344H, 0806 Band O0307. Hybrids with no
survived trees (6 hybrids) and only one survived tree (7 hybrids) were excluded from
further trial.

The plum breeding material in the trial showed significant differences for
disease injury and pest infection, therefore evaluation was done for shot hole, plum
rust and European red spider mite amount, for every year.

In 2007-2009 evaluation was done for 17 hybrids, of which (Tukey gradation
class? the least injury of shot hole had 0834 B401B, 0658K and 0344H; the least
injury of plum rust 1228C, BPr6511, 1432BPr8—7, 14018 BPr8932, 1443B
BPr10-2, 08568 0658K, 1407Band 0344H; the lowest infestation of red spider mite
was observed on 0834BPr8932, 0344H.

After the severe winter of 2009/2010 a significant part of breeding material in
the trial perished. The variation of meteorological conditions between years did not
cause significant differences in the of pest and disease severity. Significant differences
were found between hybrids.

The winter of 2010/2011 was unfavourable for plum over-wintering, which
allowed to select the most hardy hybrids. In the period from 2010 to 2011 only
9 hybrids remained. Damages of shot hole did not differ significantly among years and
among hybrids. Rust damages showed significant differences among hybrids — the
most resistant were BPr6511, 14328658K, 14078, 0344H. Significant differences
in spider mite infection were found among hybrids, but not amomg years — fewer
mites were found on 1228C, BPr6511, 0658K, 0344H.

Hybrids 0658K and0344H showed high resistance to all three studied factors,
but the highest resistance to rust and shot hole had H3Brigb11

Evaluation of yield and fruit quality. The first yield in the hybrid trial was
registered in 2004, which allowed to select the most precocious hybrids — 1228C,
BPr8932, 1546E — their yield was significantly higher than the yield of other hybrids,
but they did not show significant yield increase or high fruit quality in the following
years. Data of yield and average fruit mass were analysed for years 2004 to 2008. The
highest yield after four years of production had hybrid 0658K.

According to the evaluation of winter-hardiness, tree health, yield parameters
and fruit quality assessment in the first research period, hybrids with the highest value
sum in complex evaluation were selected — BPr6511, 1443&68K, 0344H. In
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2010 these hybrids were handed in for cultivar registration in Latvia. According to the
Plant Variety Protection Law, Article 20, Part four, in January, 2011, the State Plan
Protection Service registered the following cultivar denominatioB$r6511 as
'Sonora’, 1443Bas 'Lotte’, 0344H as 'Ance’, 0658K as 'Adelyn’ (‘Adele").

In evaluation of the new cultivars in 2009 to 2011, significant differences were
found for yield and average fruit weight (Table 1).

Significantly higher yield had 'Ance’, which in 2010 reached even 61.7 kg per
tree. Good and relatively regular yield was harvested also from 'Adele' and 'Sonors
The highest average fruit weight in all years had 'Adele' — 57.1 g. ‘Lotte’ showed very
low production because of winter injurin 2011 low yield was harvested from all
other cultivars (‘'Sonora’, 'Adele’, '‘Ance’), but they were among the few, which had an
yield in 2011 (both at LSIFG and the whole territory of Latvia there was practically no
plum yield). In spite of low production, the cultivars did not have significantly higher
average fruit weight (p > 0.05).

Evaluation of fruit biochemical parameters and storage potentialvas done
from 2008 to 2010. The years had significantly different meteorological conditions,
which resulted in differences of the obtained evaluation data.

Fruit firmness significantly varied among years and cultivars, and showed also
significant cultivar — year interaction (p < 0.00). Three-year study period, the lowest
fruit firmness was in 2009, while significantly firmer fruits were found in 2010 with
notably higher precipitation, sunlight intensity and average air temperature. The mos
stable cultivar with the least data dispersion was 'Adele' (0.73 — 1.85Kg The
highest variation had 'Ance' (0.52 — 2.80 kg%nDuring storage the least loss of
firmness was shown by 'Adele' and 'Sonora'.

Content of soluble solidsvaried significantly among the years of study — 10.14
to 14.96 Brix%. In the dry year 2009 fruits of 'Ance' and 'Adele’ had significantly
higher Brix content than other cultivars, but in 2010 the high temperature and moistur
had positive effect on the Brix content of 'Sonora’, but significantly reduced the
content in 'Ance' and 'Adele'. During storage no significant decrease of soluble solid
content had 'Ance' and 'Adele’.

Total acid content did not showed statistically significant differences among
cultivars. Acid content in fruits of 'Ance' and 'Adele' did not varied significantly
between years, while 'Sonora’ showed notable variation with the highest content i
2008 — 1.42%

After evaluation of the cool storage potential of all cultivars, it may be
concluded that 'Ance' and 'Lotte' had faster ripening, and their fruits should be sold ¢
soon as possible. Good storage potential with slow changes in biochemical content al
firmness had 'Adele’ and 'Sonora'. Even after two weeks of storage their visue
appearance and flavour remained good.

For cultivars 'Adele' and 'Lotte' the Brix content would fall under the influence
of precipitation and increased with higher solar radiation.

2 hitp://www.vaad.gov.lv/21/section.aspx/390
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Pollination trials of perspective hybrids showed significantly better results in
2008 when the average and minimal temperatures in spring were higher and the
flowering was earlier than in other years. Results did not differ significantly in 2009
and 2010 when the amount of fruit set was much lower.

For cultivar 'Adele' in 2008 significant June drop was observed independent
of the pollinator cultivar, but the best pollinator was 'Victoria' (70% fruit set of
pollinated flowers). After June drop there were no significant differences of results
among pollinators in 2009 (9.9 — 21.7%) and 2010 (25.2 — 36.6%). For choice of the
pollinator cultivar the grower should take into account the desirable kind of orchard
management. With a pollinator, which gives the highest results one can obtain regular
and sufficiently high yields, but fruit thinning will be needed in years of abundant
yield. Choosing a pollinator, which provides average fruit set, one can obtain good
yields and will have no need for fruit thinning. A cultivar will have good chances of
pollination if several simultaneously flowering cultivars grow nearby. In open
pollination the amount of fruit set in different years can be 15.9 — 31.3%.

For cultivar 'Lotte’ use of a good pollinator variety is essential in orchard
establishment, to obtain profitable yields. The best pollinator was 'Victoria' (fruit set in
different years 23.7 — 45.8%), in open pollination fruit set was 6.6 — 24.0%.

For cultivar 'Sonora' pollination results showed the least variation between
the years of study. The best results gave pollinators 'Experimentalféltets Sviskon'
(31.8 — 37.8%) and 'Minjona’ (27.6 — 42.7%). This cultivar had very good fertilization
potential if several simultaneously flowering cultivars have been planted nearby (fruit
set in open pollination in different years 28.6 — 54.0%).

For cultivar 'Ance’ pollinations was not done, because did not have sufficient
number of trees for replication.

Self-fertility of the cultivars was studied in 2009 and 2010. It was found that
'Ance’, 'Adele' and 'Lotte’ are self-sterile, but 'Sonora' is self-fertile (fruit set in 2009
was 41.1%, in 2010 — 17.6%).

PHENOLOGICAL DEVELOPMENT OF PLUMS UNDER THE INFLUENCE
OF AGRO-CLIMATIC FACTORS

During the research carried out in years 2011 — 2013, because of unfavourable
meteorological conditions possibilities were sought to reduce winter damage and its
after—effect. The following research was done to find out the effect of boron and
calcium foliar fertilizers on plant development.

Beginning of the vegetation period.According to long term data the
vegetation season in Latvia lasts for 175 — 195 days, and it is assumed that it starts in
the 1st decade of April. Observations of the last seven years showed that the
vegetation period started at this time in 2009, 2010 and 2011, but in 2007 fruit tree
vegetation started already in the end of March. On the contrary, in 2008, 2012 and
2013 the vegetation started only in the 2nd decade of April. When the vegetation
beginning is gradual, the winter—injured trees have a better chance of regeneration.
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In 2013 in the 2nd decade of April the average air temperature increased fror
+2 °C till +8 °C just in four days. Part of the trees, which had rapidly broken into leaf
yellowed and died. Bud break of 'Sonora' and 'Edinburgas Hercogs' started at the sal
time, but for cultivar 'Ese' — 4 to 6 days later. Evaluation of the effect of boron and
calcium fertilizers on bud break showed that bud break was 2 — 3 days earlier in th
calcium treatment compared with control. Boron 3 — 4 days delayed the beginning c
vegetation for all cultivars, thus reducing the stress caused by too high air temperatur

Flowering phenology in 2011after a rapid temperature fall in February flower
bud injury was observed in spring, as well as winter—killed fruit spurs and trees. Ther
was no plum yield this year.

Year 2012 begun with interchanging thaws and colds. Plum trees flowered
abundantly, but a large part of flowers did not have pistils or showed significant injury
of flower base (receptacle). Plum flowering was short (on average 6.8 days)
Flowering for all cultivars in the trial started earlier in the variant with calcium foliar
treatment, but slightly later — with boron foliar treatment. The longest period of
flowering had cultivar 'Ese’.

In 2013 the vegetation period started in the 2nd decade of April with high day
and night temperature fluctuations, in the beginning bud swelling was slow. In the 1s
decade of May the average air temperature increased so rapidly that the buds bro
and burst into flower in a week and a half. On May 10 flowering of cultivars 'Sonora’
and 'Edinburgas Hercogs' begun. Because of sharp increase of temperature duri
flowering the anthers dehisced rapidly and already on the next day part of the stame|
had dried out. This significantly reduced pollen germination. During the flowering of
‘Lase' the air temperature reached +28.5 °C (May 18), followed by strong shower
during full bloom. This notably reduced the length of flowering and possibly had
negative effect on pollination and fertilization. The average length of flowering in
2013 was 10.6 days.

Development of plums in relation to the effective temperature sum (ETS)
significantly differed between years and between all included cultivars (Figure 1):

— From the beginning of the vegetation (+5 °C) till beginning of flowering it was
close to the temperature found in literature. Lower ETS was found for 'Sonora' an
‘Edinburgas Hercogs' in 2013, when higher temperature caused rapid bu
development;

— From the beginning till the end of flowering no significant differences of ETS were
found between fertilizing variants, but the years differed significantly;

— From flowering till fruit maturing for harvest ETS for 'Sonora' and 'Edinburgas

Hercogs' in 2012 did not differ significantly, whileade' had no yield in 2012.
In 2013 there were no significant differences between variants, but difference:
were found between cultivars. During fruit maturing when the air temperatures
rapidly increased (on 08.08.2013. even to +33.9 °C), the fruits of 'Sonora' coloure
and softened rapidly, although their flavour properties were weakly expressed. Th
stone remained adherent to flesh, and the fruit size was significantly lower than ii
the previous years.
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VEGETATIVE GROWTH OF PLUMS IN CONNECTION WITH BORON
AND CALCIUM FOLIAR SPRAYS

Although the main interest of plum growers is the tree generative development
and yield, it is not possible to obtain good results without healthy vegetative growth.
As mentioned above, during the second stage of research the winter meteorological
conditions were unfavourable.

Trunk growth intensity showed significant differences among years. No
significant differences were found among cultivars and variants. In 2013 with the first
fruit yield all cultivars in all variants showed reduced trunk growth index. The most
significant reduction was in the boron treatment.

Chlorophyll content — both at the beginning of the trial and during all research
period the lowest average chlorophyll content index (CCI) hase'L

In 2011 for all cultivars CCIl was significantly higher than in the following
years (Figure 2). It rapidly decreased®bil2after the unfavourable winter and spring
weather conditions. In control CCI declined for all the trial years, indicating
unsatisfactory regeneration of the winter-injured plants. In calcium and boron
treatments irR013the CCI started to increase. Although 'Sonora' had the highest CClI,
during the years it declined in all variants.

Although in foliar fertilizing treatments CCI did not increase significantly, it
did not continue to fall rapidly, except for ‘Sonora’.

To determine the effect of foliar fertilizer sprays, CCl dynamics over years was
evaluated (Figure 3).

In 2012, CCI in all variants and for all cultivars was reduced. For cultivars
‘Lase’ and 'Edinburgas Hercogs' the decrease of CCIl was significantly lower in the
control treatment, for 'Sonora' — in the boron treatment. In 2013 fse''land
'Edinburgas Hercogs' CCI in control continued to decrease, while in the calcium and
boron treatments it already increased significantly (especially in the boron treatment).
It allows concluding that during a longer period positive effect of boron and calcium
on tree regeneration may be observed. It is possible that the positive effect of boron is
explained by its role in biosynthesis of lignin as a component of cellular membranes,
and the role of calcium in the transportary regulation of cellular membranes as well as
the transfer of signals in cells.

Chlorophyll a fluorescence measurements.

Analysis of photosystem |l effectivity index F,/F,, was performed for
characterize of photosynthesis light reactions and plant vitality.

In 2011, at the beginning of investigating changesRFndex characterizing
the maximal photosystem Il quantum effectivity (Figure 4), fasé.in control it was
significantly higher than in the boron treatment. Analysis @Ffchanges till year
2013 (similarly as CCI) showed significant increase in the boron treatment. In other
variants the increase could not be proven statistically.

'Sonora’ in 2011 had significantly higheyHz, in the control treatment and
the lowest — in calcium treatment. The most significant increasgrf #l year 2013
also was found in the calcium treatment.
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The index of F/F, in the leaves of 'Edinburgas Hercogs' did not differ
significantly between variants in 2011 and 2012. In 2013 significant increasd-gf F
was found in the control and boron treatments.

If F,/F, is lower than 0.8, it shows that the plant leaf is not healthy — FS
(photosystem) Il has decreased ability to reduce the primary electron acceptor.

In the course of three years CCIl in general decreased and/Hgifdex
became higher, while the visual tree health condition became poorer.

To characterize the tree physiological condition more preciselgnt
performance index(Pl) was used in addition. In average of years and cultivars Pl in
2012 was 2.84 when the trees renewed vegetation after the severe winter, in June
was from 0.23 to 0.80, which indicates sharp decrease of tree health. The chlorophy
molecules present in plants were inactive and did not actively participate in
photosynthesis. As a result the leaves were pale and unhealthy. In July PI started
increase and already in August was significantly higher, reaching maximal value:
(3.82 to even 5.25), showing significant differences between treatmentader and
'Edinburgas Hercogs'. In the summer of 2013 the plant performance index was close
the average, and significant differences between treatments were found only in July.

The RC/ABS indexis one of the parameters used to determine the effectivity
of chlorophyll by the plants, as it characterizes the proportion between chlorophyll
molecules in the photosystem reaction centre and antennary pigments in chloroplas
The decrease of the value of this parameter points at negative changes in tl
photosystem activity. In 2011 deterioration of tree health was not yet notable and th
RC/ABS value was relatively low (Figure 5). In June of 2012 after the damage cause
by winter thaws plant vitality was critically low, and RC/ABS was significantly higher
than during other measurements. This explains the poor visual health of the plant
although chlorophylk: fluorescence values were not so low. Usually in favourable
growth conditions this index is relatively higher, as reaction centres are formed by
photochemically active chlorophyll molecules, while less active ones serve a:
antennae. Increase of the amount of antennary pigments indicates at disruptions
photosynthetic system activity, i.e. increase of the amount of less active chlorophyl
molecules. Possibly, with increase of the amount of antennary pigments the plant trie
to maintain the effectivity of photosynthesis and ,fights” against disruptions caused by
environmentary stress factors.

Calculations of RC/ABS index decrease (rate of photosystem revitalization) in
June to July of year 2012 showed the most rapid decreaseadet dnd 'Edinburgas
Hercogs' in the boron treatment. This indicates that foliar spray of boron providec
higher activation of chlorophyll.

In spite of higher initial fluorescence level in the control treatment, faster plant
revitalization after winter injury was found under the influence of boron.

It may be concluded after the analysis of all parameters of photosynthesis the
analysis of the Fv/Fm index does not provide adequate information to characteriz
plant reaction to stress factors. Only complex evaluation of the parameters o
chlorophyll fluorescence can provide different aspects of information. For example, ir
2012 after prolonged winter thaws the tree health conditions was critical, althougt
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measurements showed satisfactory photosynthesis intensity. Stress condition was
shown by Pl and RC/ABS indexes.

GENERATIVE DEVELOPMENT OF PLUMS INFLUENCED BY BORON
AND CALCIUM FOLIAR SPRAYS

Results of flower bud development investigationTo find out bud survival,
their testing was done for every winter. From each cultivar included in the study
5 branches were taken from different sides of the tree and the numbers of vegetative
and generative buds per branch length were counted, calculating the amount of dead
buds.

In 10.01.2011. practically no winter—killed buds were found. After sharp
temperature fluctuations the revision on 15.02.2011. showed:

— for 'Sonora’' the winter injury of vegetative buds was 29.9%, for generative
buds 30.1%;

— for 'Lase’ — 22.8% vegetative and 15.3% generative bud injury;

— for 'Edinburgas Hercogs' no leaf bud injury was found, flower bud injury
was 6.4%.

After the next temperature fall in the end of February and beginning of March

revision was done on 31.03.2011:

— for 'Sonora’ vegetative bud injury was 41.9%, generative — 44.4%;

— for 'Lase’ vegetative bud injury was 44.3%, generative — 41.3%;

— for 'Edinburgas Hercogs' vegetative buds — 15.2%, flower buds — 28.8% injury.

After critical winters, the further development and growth of plants during the
vegetation season may be influenced by reduced leaf surface and health, as normal
assimilation of nutrients is hindered.

Several authors have indicated the positive influence of boron and calcium on
fruit tree growth and development, therefore in summer of 2011 foliar sprays of boron
and calcium were started.

January of 2012 was comparatively warm, but February — cold. Cross sections
of generative buds after the February cold showed that the buds were alive, with green
centres. After repeated cold in the end of March revision of buds on April 24 showed
that a large part of buds had injured receptacle or the whole bud centre. In spring of
2012 there were no significant differences between control and calcium treatments,
while the count of bud injury in the boron treatment was lower.

There were significant differences among branches of different age. In spring
the development of generative buds was more rapid on two-year-old branches.
Significant damages in this year were found for cultivasél_ (Figure 6).

Investigations of flower bud developmentEvaluation was started in the 3rd
decade of July, 2012. At this time differentiation of flower buds was observed in the
calcium treatment, while in the boron treatment — one week later. Differentiation in the
control treatment started in the beginning of August. Significant differences were
found in the control and calcium treatments for flower bud initiation on fruiting wood
of different age; on two-year-old wood it was slower. In the boron treatment
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differences in generative bud initiation on fruiting wood of different ages were less
expressed. The development rate of generative buds was not the same among cultivz
and the boron foliar treatment significantly differed from other variants with lower
winter damages. In the calcium treatment damages were higher.

Generative bud differentiation forake' and 'Sonora' was almost simultaneous
in this year. Significantly later it was for ‘Edinburgas Hercogs'.

Flowering and pollination parameters were evaluated ir2012 and 2013
during full bloom by visually determining of flowering intensity and winter injuries of
flowers by variants. Flowering intensity showed significant differences among years
(p < 0.05), but not between variants (p > 0.05). For cold injuries no differences wer
proven statistically between years (p > 0.05), although visually there were differences

Amount of generative buds by the age and location of fruiting woogvas
evaluated visually for cultivars and foliar fertilizer treatments.

In 'Lase’ fruiting wood formation starts early with abundant development of
flower buds also on annual shoots, but these do not set fruits (fruit set is only on olde
wood).

In 'Sonora’ abundant formation of generative buds is observed both on annu:
and older wood. Fruit spurs live for several years.

In 'Edinburgas Hercogs' during the first year of production generative buds
develop only on tips of annual shoots, which are usually removed by tree pruning
This somewhat delays the start of bearing. With growth of fruit spurs year by year th
amount of flowers increases, as generative buds developed mostly on short spurs
older wood.

Evaluation of the flowers number Flower count per branch cross section area
was calculated (Figure 7, A). In 2012 the trees in the trial bloomed for the first time,
but because of winter and spring injuries most flowers and fruitlets fell off.

In 2012 ANOVA (analysis of variance) revealed significant differences among
cultivars (p < 0.05): 'Edinburgas HercdgsSonord, 'Lase®, but between variants
differences were found for control and boron treatments.

In 2013 also significant differences were found between cultivars (p < 0.05),
'Sonord and 'lase® had higher number of flowers in the calcium treatment.
'Edinburgas Hercodsdid not have significant differences between variants. Inter-
factorial analysis for year 2013 revealed significant interaction among the studiec
characteristics and cultivar as well as variant (p < 0.05). Cultivar and variant
interaction was significant, too (p < 0.05).

Fertility or fruit set (Figure 7, B). The characteristic traits of cultivar
flowering and fruit formation were clearly expressed. Althougisél had abundant
flowering in both years, the number of fertilized flowers (fruit set) was estimated as
low and did not significantly vary between fertilizer treatments.

In both years of investigations control and boron treatments showed significan
differences. For 'Sonora' boron in 2013 significantly improved the fruit set. For
'Edinburgas Hercogs' the rate of fruit set was estimated as very good in both year
Boron facilitated fruit set in 2012, but had negative effect in 2013.
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Inter-factorial analysis for year 2012 showed significant interaction among the
studied characteristics and cultivar as well as variant (p < 0.05), but cultivar and
variant interaction was not significant (p > 0.05). Inter-factorial analysis for 2013
revealed significant interaction of characteristics and cultivar (p < 0.05) and also
cultivar and variant (p < 0.05).

Evaluation of pollen germination {n vitro). For 'Lase' only boron foliar
fertilizer improved pollen germination, while the pollen germination of '‘Sonora' was
average, ~ 50%, and did not differ significantly between variants. The germination of
'‘Edinburgas Hercogs' was ~ 70%. No differences between treatments were proven, but
visually in the control and boron variants pollen tubes grew more rapidly.

EVALUATION OF YIELD AND FRUIT QUALITY PARAMETERS

Yield is one of the most important characteristics of a cultivar. Not always
intense flowering and fruit set ensures higher productivity of the plantation.

Time of fruit ripening depends of the meteorological conditions of the year
and, according to many authors, may vary by several weeks. Fruit ripening of cultivars
varies also depending on their biological characteristics.

In this study, differences between fertilizer treatments were found only for the
boron variant, where fruits matured later for 2 — 3 days.

Time of fruit growth and development significantly differed among years.
Notably shorter time of development was observed in 2013, but no significant
differences were found between variants (p > 0.05)0kPanalysis of meteorological
conditions revealed significant positive correlation between the duration of fruit
development and solar radiatiop, @ 0.77; p < 0.05). Significant negative effect had
average and maximal air temperatures (for bgth=r—0.63; p < 0.05). 12013
significant positive correlation was stated for amount of precipitation and minimal air
temperature (accordingly,r=0.76; p < 0.05 and= 0.68; p < 0.05). None of the
meteorological parameters showed significant negative correlation.

Evaluation of mature fruit amount per number of flowers (%)
(Figure 8, A), yield density (number of fruits per branch cross section area)
(Figure 8, B) andjield per trunk cross section area(kg cni®) (Figure 8, C) showed
significant differences among cultivars for all these parameters (Figure 8).

In 2012 in the meteorological conditions described above the cultase’ had
some fruit set (Figure 7), but no fruits at harvest time (Figure 8, A). For cultivar
'Sonora' no significant differences were found between variants. For 'Edinburgas
Hercogs' the number of mature fruits per number of flowers was significantly higher in
the boron treatment.

In 2013 the yield parameters of cultivarase' were very low and without
significant differences between variants (Figure 8, B). The amount of harvested fruits
per number of flowers and per branch cross section area for cultivar 'Sonora' was
significantly higher in the boron treatment, but for 'Edinburgas Hercogs' — in the
control treatment.
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The evaluation of yield per trunk cross section area (Figure 8, C) in 2013
showed significant differences only for cultivar 'Edinburgas Hercogs' between contro
and foliar spray treatments. To determine the stability of this parameter, long-tern
observations are necessary. In 2012 maturity fruits were very little and estimates wel
not done.

If boron had positive effect on the amount of fruit set and harvested vyield in
cultivar 'Sonora’, then cultivar 'Edinburgas Hercogs' in a year of high yield boron
reduced the amount of fruits per number of flowers. Publications of other authors als
point out that boron works as a regulator of fruit amount, but, to ascertain this
tendency, a larger number of cultivars would be necessary.

Evaluation of fruit quality. It was important to find out the effect of foliar
fertilizers on the parameters of fruit quality.

Average fruit weight did not showed significant differences between variants
(p = 0.138). Significant were the differences among cultivars (p = 0.00).

In comparison with the results of the first stage of trials in 2008 — 2010, when
the average weight of three years for cultivar 'Sonora’ was 47.9 g (the cultivar belong
to the large fruited group, above 45 g), but in 2013 the average fruit weight betwee
variants was only 36 g.

In a study carried out in Latvia in the 1990ties, the avegrage fruit weight of
cultivar ‘Lase' was 26.9 g (22 — 41 g), which is significantly lower than in the current
study, when the average weight was 44.7 g. It can be explained by the low yield il
2013, as the yield amount and fruit weight have negative correlation. Foliar fertilizers
did not increase the average fruit weight.

Stone size in relation to fruit weightdid not significantly differ between
variants. This proportion determines the share of the edible part in the fruit. Amonc
cultivars the smallest stone hadse'.

Investigation of fruit firmness and biochemical parameterswas done
in 2013, measuring the firmness, content of soluble solids and titrable acids.

Fruit firmness measurements did not showed significant differences between
variants. Firmness is essential in fruit transportability and their eating quality. Fruits,
which are too soft, are not suitable for shipping, while overly firm fruits are not
acceptable for eating. In this study a higher sum of effective temperatures over
shorter period of time caused premature softening of fruits in cultivar ‘Sonora’
(0.72 — 0.83 kg cff), and their eating quality was lower than in the other years.
Changes of fruit firmness under the influence of foliar fertilizing were not significant
(p > 0.05).

Content of soluble solidssignificant differences were found between variants.
In comparison with the first stage of trials in 2008 — 2010, when soluble solid conten
was 10.14 — 14.96 Brix%, in the second stage (2013) the soluble solids content i
cultivars was higher. For cultivardke' the boron treatment had similar effect as in
other published studies — the Brix% was singificantly higher than in control. For other
cultivars the soluble solids content in the boron treatment was significantly lower
(p > 0.05), in 'Sonora' 13.5 Brix% and 'Edinburgas Hercogs' 13.4 Brix%, which still is
higher than the minimal level recommended for consumption (above 12.5 Brix%). Ir
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the calcium treatment the content of Brix% was significantly lower for cultivase"L
(14.2%) and 'Edinburgas Hercogs' (14.5%).

Content of total acidsfor all cultivars was higher in the control treatment.
There were differences in calcium and boron treatments, but they were not significant.
In cultivar ‘Lase’ the acid content was 1.44 — 1.61%, in 'Sonora' 1.21 — 1.51%, in
'Edinburgas Hercogs' 1.46 — 1.59%. In comparison with the first stage of research
(2008 — 2010), the total acid content was significantly higher.

In order to determine the impact of weather conditions (from the end of
flowering to fruit harvesting) on fruit firmness and biochemical parameters, as well as
how foliar sprays influenced these parameters, correlation analysis was used (Table 2).

Only soluble solids content had significant differences between the variants for
correlation with the total acidity and meteorological parameters. Both for fruit
firmness and total content of acids the correlation relationships with meteorological
conditions were similar between the variants, but with different correlation closeness.

INTEGRATED EVALUATION OF FOLIAR SPRAYS

To determine the effect of foliar fertilizer sprays on the parameters analyzed
during the investigation, integrated evaluation was performed by cultivars, variants
and years. Integrated evaluation was done by summing of 32 parameters studied (in
2012 evaluated 13 parameters, 19 parameters evaluated in 2013). The positive effect
of foliar sprays by years differed among cultivars.

Evaluation of the plant reaction to foliar sprays showed that the effect of boron
sprays on the control cultivar 'Edinburgas Hercogs' was lower than for other cultivars,
while summary evaluation of calcium sprays even showed negative result for this
cultivar. The most postive effect calcium sprays had on cultidgae'L

Summary of the integrated evaluation of of foliar fertilizer sprays is shown in
Figure 9.
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CONCLUSIONS

Among the evaluated hybrids the best according their production characteristic
were 0658 K (‘Adelyn’/'Adele’/), BPr 6511 (‘Sonora’), 0344 H (‘Ance’) and
1443 B (‘Lotte”), which have been handed in for variety registration in Latvia.
The best pollinator for 'Adele' and 'Lote' was 'Victoria' (fruit set till 70% and till
45.8% of pollinated flowers, respectively), while '‘Sonora' showed good and
stable pollination with simultaneously flowering cultivars (28.6 — 54.0%) and a
good degree of self-fertility (17.6 — 41.1% fruit set in different years).

Foliar fertilizer sprays did not showed statistically significant effect on the
phenological development, but tendency of earlier flowering induction by
calcium treatment as well as delay in flowering and fruit maturing by boron
treatments was observed.

Evaluation of the plant photosynthesis processes (chloroptodhcentration
index and fluorescence indices — Fv/Fm, RC/ABS and PI) showed that plant:
treated by boron foliar sprays had better regeneration after the streses caused
agro—climatic factors, their intensity of vegetative growth was lower after the
beginning of fruit production in comparison with other variants.

The highest pollen germination had cultivar ‘Edinburgas Hercogs’ — 70%, for
'‘Sonora’ it was 50%, while dse' had low germination in control and calcium
treatments — up to 10%, and improved pollen germination in the boron
treatment — 20%.

Foliar sprays had positive effect on the flowering intensity, and boron sprays in
most cases increased pollen germination and enhanced fruit set.

Due to unfavourable winter conditions and sharp temperature fluctuations in
the beginning of the vegetation period the yield of plum was absent in 2011, it
had also negative effect on fruit development and yield in year 2012. In 2013
the development of fruits and plum yield improved in the variant with boron
foliar treatment, resulting in a higher amount of mature fruits.

The negative effect of the meteorological condition changes was most
expressed for the content of soluble solids of fruits. Excessively fast increase ©
the effective temperature sum (~1200 —1250 °C) gave faster fruit maturity anc
significantly reduced the fruit quality. Other cultivars were less sensitive to
temperature changes.

The integrated evaluation of 32 parameters showed positive effect of boror
foliar fertilizer on the growth and development of cultivags® by 13
parameters (summary evaluation +6), for 'Sonora' by 13 parameters (+7), fo
'Edinburgas Hercogs' by 14 parameters (+5).
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