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IEVADS

Zemenes ienem nozimigu vietu komercdarzkopiba Latvija. Patérétaji tas
iecienijusi, pateicoties to izcilajam garSas Tpasibam un augstvertigajam biokTmiskajam
sastavam. Savukart audzetaji ka pozitivako atzimé to, ka zemenes péc iestadiSanas atri
sak razot, tapec atrak iesp&jams atgit iegulditos Iidzek]us, salidzinot ar citiem
auglaugiem. Zemeném ir arT ar salidzinoSi augsta audzESanas plasticitate, jo tas var
audzet dazadas audz&Sanas sisteémas gan atklata lauka, gan segtajas platibas.

Zemenu razoSanas periods lauka apstaklos Latvija ir Iss — vid&ji viens
ménesis. Pagarinot raZoSanas sezonu, var nodro$inat ilgstoSu svaigas produkcijas
piegadi patérétajiem, tadgjadi nodroSinot augstvertigaku, vitaminiem bagatu uzturu, ka
arT iegiistot augstakus ienakumus, jo netradicionala laika ieglitajam ogam ir augstaka
realizacijas cena un ir mazaka konkurence tirgli. Daudzas valstis izstradatas zemenu
audzeSanas sistémas raZzas ieguvei gandriz visa gada garuma. Latvijas klimatiskajos
apstaklos razas iegiliSana segtajas platibas ziemas perioda augsto izmaksu del ir
nerentabla, tapec vairak javer§ uzmaniba uz raZoSanas sezonas pagarinasanas iesp&jam
pavasara — rudens perioda, tad audzéSanas izmaksas ir zemakas.

Liela nozime augstas un kvalitativas razas ieguvei ilgsto$a laika perioda ir
pareizai Skirnu izvélei. Pasaulg katru gadu tiek selekciongtas daudzas jaunas vasaras
zemenu Skirnes ar dazadu ogu ienakSanas laiku, tau ne visas ir piemérotas audz&Sanai
Latvijas klimatiskajos apstaklos, kam raksturigas aukstas ziemas ar sp&cigiem
kailsaliem vai atku$piem un salidzinosi Tss vegetacijas periods.

Ogu ienakSanas laiku, razibu un kvalitati var ietekmét, arT izmantojot dazadus
augsnes un augu segumus, kas pasaulé ir diezgan plasi pétiti, tacu iegiitie rezultati
biezi vien ir pretrunigi, un Latvija to lietoSana ir saméra maza pieredze. Daudzas
valstis zemenu raZo$anas sezonas pagarinasanai izmanto aukstuma glabatos stadus un
remontantas zemenes, tacu Latvija Iidz Sim nav izvert€tas §Is raZoSanas sezonas
pagarinasanas iespgjas.

Darba hipotéze: zemenu raZzoSanas sezonu Latvija lauka apstaklos iesp&jams
pagarinat 1idz Cetriem mé&neSiem, izmantojot dazadus audz&Sanas tehnologiskos
pan€mienus un piemérotas Skirnes.

Darba merkis ir izvertét $kirnu, meteorologisko apstaklu un dazu audzéS$anas
tehnologisko panémienu ietekmi uz zemenu razo$anas laiku, razibu un razas kvalitati
lauka apstaklos Latvija.

Darba uzdevumi:

1. izvertét vasaras zemenu (isas dienas) Skirpu fenologiskos un raZibas
parametrus un noteikt piemé&rotakas Skirnes kvalitativas raZas ieguvei un
razo$anas sezonas pagarinasanai lauka apstaklos;

2. izvertet meteorologisko faktoru ietekmi uz zemenu razosanas laiku;

3. noteikt virssegumu un melnas pléves augsnes mulas ietekmi uz zemenu
fenologiskajiem un razibas parametriem;

4. izvertet aukstuma glabato stadu izmantoSanas efektivitati zemenu razoSanas
sezonas pagarinasanai lauka apstak]os;

5. novertét remontanto zemenu fenologiskos un raZibas parametrus, un to

potencialu raZzoSanas sezonas pagarinasanai;



6. izvertét dazadu zemenu audzeSanas tehnologiju ekonomisko efektivitati
razo$anas sezonas pagarinasanai.

Darba zinatniska novitate: pirmo reizi izverteéts dazadu audz&Sanas
tehnologisko papémienu un $kirpu kopums augstas un kvalitativas zemenu razas
ieguvei ilgstosa laika perioda Latvijas apstaklos.

P&ttjumu rezultati atspoguloti 12 zinatniskajas publikacijas latviesu, anglu un
krievu valoda, tai skaita 6 no publikacijam ieklautas SCOPUS datu bazg. Par
zinatniska darba rezultatiem zinots 13 konferences, tai skaita 4 mutiskie zinojumi.

Pétijumu rezultati iegiiti projektos:

1. LZP projekts ,,Latvijas apstakliem optimalu darzkopibas modelu zinatniska
izstrade’’. 1997. — 2000. g.

2. TOP 00-29 projekts ,Latvija izplatito un jaunintroducéto zemenu Skirgu
izvert€jums ogu saldéSanai un parstradei’’. 2000. — 2001. g.

3. LZP projekts 05.1369. Auglu un darzenu ilgtsp€jigu razosanas sistemu
izstrade  atbilsto§i  biologiskas  lauksaimniecibas  pamatprasibam.
2005. - 2008. g.

4. Valsts Petfjumu programmas ,,Inovativas tehnologijas augstvértigu, dro$u un

veseligu partikas produktu ieguvei no genétiski, fiziologiski un biokimiski
daudzveidiga augu un dzivnieku izejmateriala” projekts Nr. 2 ,,Augstveértigas
Latvijas ogas: no Skirnes lidz kvalitativam, veseligam un dro§am produktam”.
2007. -2009. g.

5. ZM pasiitits pétijumu projekts ,,Vidi saudzgjoSu audzeSanas tehnologiju
precizéSana auglu un ogu darzos dazados augsnes un klimatiskajos
apstaklos”. 2007. — 2009. g.

6. ZM pasitits LAP sadalas ,,Vides un lauku ainavas uzlaboSana” pétijjumu
projekts ,Ilgtsp&jigas auglkopibas attistiba, izmantojot vidi un didenus
saudz€josas, ka ar1 lauku ainavu saglabajosas integrétas audze€Sanas
tehnologijas klimata parmainu mazina$anai un biologiskas daudzveidibas
nodro8inasanai”. 2010. — 2011. g.



IZMEGINAJUMU APSTAKLI UN METODIKA

Pétfjumi veikti Pires Darzkopibas izméginajumu stacija (Plres DIS) un Pires
Darzkopibas pétjumu centra (Pires DPC), Tukuma novada. Geografiskas
koordinates — 57°02° ziemelu platuma un 22°52" austrumu garuma, 50 m virs jiras
limepa. Lauka izm&ginajumi veikti no 1996. Iidz 2010. gadam, ierikojot vairakus
savstarpé€ji nesaistitus izméginajumus atbilstigi izvirzitajiem darba uzdevumiem.

Vasaras zemenu (isas dienas) Skirnu veértésana. Lai varétu izveértét Skirnu
piemérotibu biologiskas audz&S$anas sist€mai, izméginajums ierikots Pares DIS
biologiski  sertificétas platibas un kopSana veikta abilstosi biologiskas
lauksaimniecibas prasibam. Zemenes iestaditas 2005. gada septembrT rindas 0.3x1.0 m
attalumos. Velak veidotas paplasinatas rindas (0.2 m platas). Rindstarpas regulari
kultivétas vai diskotas, mul€a netika izmantota. LaistiSana — virspusgja. [zm&ginajuma
kopuma ieklautas 16 zemenu Skirnes: ‘Bogota’, ‘Bounty’, ‘Dukat’, ‘Feierverk’,
‘Honeoye’, ‘Induka’, ‘Jonsok’, ‘Rubinovii Kulon’ (Rubinovij Kulon), ‘Pandora’,
‘Polka’, ‘Senga Sengana’, ‘Symphony’, ‘Siurprise Olimpiadi’ (Sjurpriz Olimpiadi),
‘Tenira’, ‘Venta’, ‘Zefyr’ (Zefirs). Laucini izvietoti randomizgti Cetros atkartojumos,
katra laucina 30 augi. Vert€sana veikta laika no 2006. Iidz 2008. gadam. Verteta augu
fenologiska attistiba, aprékinats agrinuma indekss, veértéta ziemas bojajumu intensitate,
raziba un kvalitate. Veikts svaigo un saldeto ogu organoleptiskais vert&jums.

Meteorologisko faktoru ietekmes uz vasaras zemenu raZoSanas laiku
vértéSana. P&tjjuma izmantoti dati par zemenu razoSanas laiku Plres DIS zemenu
laukos no 1990. Iidz 2008. gadam no Piires DIS zinatniskajam atskaiteém. Visos
zemenu laukos izmantota lidziga audzESanas sistema. VertéSana ieklautas divas
Latvija plasi un ilgstosi audz&tas vasaras zemenu Skirnes: ‘Zefyr’ — ar agru ogu
ienakSanas laiku, un ‘Senga Sengana’ — ar vidgji v€lu ogu ienakSanas laiku.
Meteorologiskie dati ievakti vietéja meteostacija, kas izvietota Plires ciemata centra.
No 1990. lidz 2005. gadam meteorologiskie dati registréti manuali. No 2006. gada
meteodatu registracijai izmantota automatiska meteostacija ,Luft’’. Datu analizg
izmantoti $adi meteorologiskie raditaji: gaisa vidéja, maksimala, minimala temperatira
(°C), efektivo (>5 °C) un aktivo (>10 °C) temperatiiru summas, dienu skaits ar
temperattiru >5 °C un >10 °C, nokri$nu daudzums (mm).

Augu virssegumu un melnas pléves muléas ietekmes vérteSana.
Izm&ginajums ierikots 2007. gada rudeni. Zemenes staditas uz 0.6 m platam dobém,
divas rindas. Attalums starp augiem rindas — 0.4 m, starp rindam uz dobes — 0.3 m,
starp dobju centriem — 1.5m, celini — 0.9 m. Dobes aprikotas ar pilienveida
aptidenoSanas sistému.

Izm&ginajuma iekartojuma izmantota dalito laucinu sist€éma ar tris faktoriem:
1) mul¢esana — ieklauti varianti ar melnas pléves mulcu un bez mulcas; 2) virsgjie
segumi — augu segSanai izmantota caurspidiga polietilena pléve (120 pm biezuma) un
agrotikls (Pegas agro, 17 gm™), ki ari kontroles variants — bez augu segianas;
3) skirnes — vertetas 3 Skirnes: ‘Zefyr’, ‘Honeoye’ (ar agrinu ogu ienaksanas laiku) un
‘Polka’ (ar vidgji agru ogu ienak$ands laiku). Uzskaites laucina lielums — 10 m®.
Laucini izvietoti Cetros atkartojumos. Melnas pléves mulca uzklata pirms stadijuma
ierikoSanas, veidojot dobes. Virs€jie segumi 2008. gada uzklati 9. un 10. aprili,
6



2009. un 2010. gada — 8. aprill. Segumi klati uz plastmasas lokiem, veidojot 0.5 m
augstus tunelus. Segumi novakti ogu raZoSanas sakuma. Zied&Sanas laika un karstas
dienas (t>25 °C) pa dienu segumi atsegti un vakara augi atkal nosegti.

Vertesana veikta no 2008. Iidz 2010. gadam. Visos audzéSanas gados verteta
augu fenologiska attistiba, raziba un ogu kvalitate. 2008. un 2009. gada vértéta augu
vegetativa augSana, uzskaitot 10 augiem laucina (katram augam atseviski) kopgjo lapu
daudzumu un sanvasu daudzumu. Ogam veiktas biokTmiskas analizes un noteikts ogu
stingrums (sikak skatit ,,Laboratorisko analizu metodika™). 2008. un 2009. gada laika,
kad virs augiem bija segumi, mérita augsnes temperatira 0.07 m dziluma un uz
augsnes vai mulcas virsmas.

Aukstuma glabato stadu vérteésana. Lai izvertetu aukstuma glabato zemenu
stadu izmantoSanas iesp&jas raZzoSanas sezonas pagarinasanai lauka apstaklos, dazados
laikos ierikoti tITs zemenu izm&ginajumi.

Skotijas atsiititi aukstuma glabatie Skirnes ‘Elsanta’ stadi, A+ kategorija, ar 15 —
18 mm lielu saknu kaklina diametru. Augi izverteti, izmantojot stadiSanas biezibu:
50000 augi ha' un 33000augi ha'. Varianti izvietoti randomizéti &etros
atkartojumos, viena sleja. Laucina lielums — 5 m”.

Skotijas atsiititi aukstuma glabatie Skirnes ‘Elsanta’ stadi, A kategorija, ar 13 mm lielu
saknu kaklina diametru. Augi, 1idzigi ka pirmaja izm&ginajuma, izvertéti, izmantojot
stadiSanas biezibu: 50 000 augi ha™ un 33 000 augi ha™'. Laucini izvietoti sistematiski
divas slejas, etros atkartojumos. Laucina lielums — 10 m?.

3. izméginajums ierikots 2008. gada 9. maija. StadiSanai izmantoti aukstuma
glabatie stadi no Niderlandes, A kategorija, ar vidgjo saknu kaklina diametru 10.2 mm,
Skirne ‘Elsanta’, un svaigi raktie, standarta kategorijas stadi no Pares DIS, ar vidgjo
saknu kaklina diametru 10.6 mm. Aukstuma glabatie stadi staditi, izmantojot
stadi¥anas biezibu: 33 000 un 66 000 augi ha”'. Svaigi raktie stadi staditi tikai ar
stadiSanas biezibu 33 000 augi ha™'. Svaigi raktajiem stadiem ziedneSus neizknieba un
lava raot jau stadiSanas gadd. Laucinu lielums — 6m’ tie izvietoti &etros
atkartojumos.

Visos tris izm&ginajumos vertéSana veikta divas vegetacijas sezonas. Vertéta
augu fenologiska attistiba, aprékinats agrinuma indekss. Stadijuma veikts raZibas un
kvalitates vert€jums.

Remontanto zemenu veértéSana. Lai izvért€tu remontanto zemenu
izmantoSanas iesp€jas razoSanas sezonas pagarinasanai lauka apstaklos, iertkoti divi
izméginajumi.

1. izm&ginajums ierikots 1998. gada 19. maija. Izméginajuma ieklautas
remontantas gards dienas tipa zemenu Skirnes: ‘Rapella’ un ‘Krimskaja
Remontantnaja’. Augi staditi rindas 0.3x1.0 m attalumos. Uzskaites laucina lielums —
9 m’. Laucini izvietoti sistematiski viena sleja, tris atkartojumos. Otraja un treaja
raZo$anas gada laucini pardaliti uz pusém (pa 4.5 m?) un pusei laucigu lidz 1. jinijam
izkniebti visi ziedneS$i, lai var€tu noskaidrot ziedneSu izkniebSanas ietekmi uz
razoSanas laiku un raZas kvalitati.



2. izméginajums ierikots 1999. gada pavasarl. Izmégindjuma ieklautas
remontantas neitralas dienas tipa zemenu Skirnes: ‘Selva’ un ‘Calypso’. Pargjie
izmégindjuma apstakli lidzigi ka pirmaja izm&gindjuma. Laucini izvietoti &etros
atkartojumos.

1. izm&ginajuma vertesana veikta tis razoSanas gadus, bet 2. izméginajuma —
divus, jo treSaja gada augi bija slikti parziemojusi, daudzi aizgajusi boja. Abos
izm&gindjumos verteta augu fenologiska attistiba, ziemas bojajumu intensitate, veikts
razibas un kvalitates vertgjums.

Lauka novérojumu metodika.

Augu fenologiska attistiba vértéta, atzim&jot ziedéSanas sakuma, masveida
ziedSanas, raZoSanas sakuma un raZoSanas beigu datumus, v&lak aprékinos
parveidojot gada dienas.

Agrinuma indekss aprékinats, nemot véra raZoSanas gaitu, péc formulas:

I, = Z(nlg1 +n,8,+....) ’ (1)
8
kur: J,g — agrinuma indekss/ index of earliness;

ny, n,...— razas vakSanas diena, skaitot no 1. janvara/ the day of the year
when fruits are harvested, counting done from the beginning
of year;

g1, &»..— kopraza, g, katra lasiSanas reizé/ harvested yield at every
picking time, g;

g- kopraza visa sezona, g/ fotal yield, g.

Ziemas bojajumu intensitate vertéta pavasarl péc vegetacijas atsakSanas,
vertgjot vizuali balles 1 — 9, kur: 1 — bojajumu nav; 9 — visi augi pilniba nosalusi.
Izm&ginajumos ar remontantajam zemen&m ziemas bojajumu intensitate verteta balles
1 -5, kur: 1 — bojajumu nav; 5 — visi augi pilniba nosalusi.

Raziba un razas kvalitate vertéta, nosverot koprazu, bruto raZu un atseviski pa
kategorijam — augstakas kvalitates jeb E, I un II kategorijas, puvusas un pargjas
nestandarta ogas g m~, péc tam parrékinot % no koprazas. Ogas Skirotas saskana ar
EEK regulu Nr. 899/87 (izméginajumiem, kas ierikoti Iidz 2002. gadam) un EK regulu
Nr. 843/2002 (izm&ginajumiem, kas ierikoti p&c 2002. gada).

Ogu vid@ja masa noteikta, katra lasijuma nosverot Iidz 50 E un I kategorijas

ogas.

Svaigo ogu organoleptiskaja (sensoraja) vertejuma veértets argjais izskats,
garsa, stingrums. Vasaras zemenu $kirnu izvert€sana vertgjums veikts balles 1 — 9, kur
9 — augstakais pozitivais vert€jums, bet 1 - zemakais. Izmé&gindjumos ar
remontantajam zemeném vert&jums veikts balleés 1 — 5, kur 5 — augstakais pozitivais
vertejums, bet 1 — zemakais.

Saldéto ogu organoleptiskaja (sensoraja) vert€§juma vertets argjais izskats,
garSa un konsistence p&c atsaldéSanas. Ogu argja izskata un garSas vert&jums dots
balles 1 — 9, kur 9 — augstakais pozitivais vert€jums, bet 1 — zemakais.




Laboratorisko analiZu metodika. Visiem izm&gindjumiem pirms stadijuma
iertkoSanas veiktas augsnes analizes Agrokimisko pétjjumu centra, VZRU ,Raziba”
saskana ar visparpienemto metodiku.

Izm&ginajuma ar melnas pléves mul¢as un augu virssegumu izmantoSanu
veiktas ogu bioktmiskas analizes un vertets ogu stingrums. Analizes veiktas Latvijas
Valsts auglkopibas institita (LVAI) biokimijas laboratorija un Pires DPC
laboratorija.

LVALI biokimijas laboratorija divus vértésanas gadus (2008. un 2009. g.) ogas
noteikts kop€jo fenolu daudzums (nosakot ar spektrometru UV-1650-PC pie vilpu
garuma 765 nm) un kop€jo antocianu daudzums (nosakot ar spektrometru
UV-1650-PC pie vilpu garuma 535 nm), C vitamina saturs (izmantojot joda metodi),
titr§jamo skabju saturs (titrgjot ar 0.1 N NaOH), antiradikala aktivitate (ar DFPH
(difenilpikrihidrazila) metodi). M&rjjumi veikti vienu reizi sezona ogu raZoSanas
maksimuma 1kg ogu paraugam no katra varianta, veicot 12 mérfjumus katram
paraugam.

Pires DPC laboratorija tris reizes sezona — razoSanas sakuma, maksimuma
un beigas — noteikts $kistosas sausnas saturs (Brix®), izmantojot rokas refraktometru,
un ogu stingrums (g), izmantojot Wagner ogu penetrometru ar uzgali 6 mm diametra,
iespieZot to oga Iidz 8 mm dziJumam. Merfjumi veikti trTs raZoSanas periodus.

Datu matematiska apstrade. leglito datu apstradé un analiz€ izmantotas
Microsoft Excel 2003 un STATISTICA™ programmas. Datu analizé izmantotas
vienfaktora un daudzfaktoru dispersijas analizes, daudzdimensionala klasterizacija,
korelacijas, regresijas analize un aprakstosa statistika, kas veiktas p&c visparpienemtas
metodikas. Vid€jo raditaju atskirtbu butiskuma noteikSanai izmantota vismazaka
bitiska starpiba un Dunkana kritrijs. Rezultati analiz&ti, izmantojot 95% ticamibas
pakapi. Aprékinats un vértéts faktoru ietekmes ipatsvars (1 %).

Meteorologiskie apstakli. No visiem vértéSana ieklautajiem izm&ginajumu
gadiem augstaka aktivo temperatiru summa (ATS) un efektivo temperatiru summa
(ETS) vegetacijas perioda noverota 1999. gada, bet zemaka — 2008. gada. Augstaka
ATS un ETS no gada sakuma lidz 1. julijam, kad tradicionali ir sakusies zemenu
razoSana, bija 2000. gada. Zemaka ATS no gada sakuma Iidz 1. jilijam bija
1999. gada, bet zemaka ETS — 2008. gada. Izveértejot nokriSnu daudzumu vegetacijas
sezona pa gadiem, vairak nokriSnu bija 1998. gada, bet sausakas bija 1999., 2000.,
2006. un 2008. gada sezonas. Izvertgjot nokrisnpu daudzumu no gada sakuma lidz
1. julijam, vairak to bija 1998. gada, bet vismazak — 2006. gada. Nelabveligakas
ziemas zemenu parziemoSanai ar spécigiem kailsaliem bija 1999., 2006. un
2007. gada. Loti zema temperatiira novérota 2010. gada ziema (-33.6 °C), tacu tad
zemi klaja bieza sniega sega, kas aizsargdja zemenes no apsalSanas.



IZMEGINAJUMU REZULTATI UN TO ANALIZE

Vasaras zemenu Skirpu vértéjums

Vasaras zemenu Skirpu fenologiska attistiba. Izveértjot Latvija audzg$ana
izplatitas vasaras zemenu Skirnes, visos vertéSanas gados konstatétas bitiskas
(p<0.001) atskiribas starp Skirn€m zied€Sanas un ogu ienakSanas laika, un agrinuma

indeksa (1. tab.).

1.

tabula/ Table 1

Vasaras zemenu skirpu ziedésanas, razosanas laiki un agrinuma indekss, vidéji
tris vértéSanas gados/
Summer-fruiting strawberry cultivar flowering, harvesting time and index of earliness,
in average of three years

Skirne/ Cultivar Zied&Sanas RazoSanas Agrinuma indekss/ RazoSanas
sakums, sakums, gada Index of earliness | beigas, gada
gada diena/ diena/ diena/
Beginning of | Beginning of End of
flowering, Sruit harvesting,
day harvesting, day day
Agras Skirnes/ Early season cultivars
Zefyr 136 a* 167 ab 175 a 191 a
Rubinovii Kulon 139 ¢ 166 a 176 193 abc
Siurprise Olimpiadi 136 a 167 a 178 ¢ 194 cd
Jonsok 138 b 167 ab 178 cd 194  bc
Venta 139  bc 168 ab 177  bc 192  ab
Honeoye 138 ab 167 ab 177  bc 193  be
Vidgji agras skirnes/ Medium-early season cultivars
Polka 142 ef 169  bc 180 f 198  ef
Induka 143 f 168 ab 179  de 194  bc
Dukat 139 be 167 ab 180 ef 196  de
Vidgji velas Skirnes/ Medium-late season cultivars
Tenira 141  de 170 «cd 180 f 194 cd
Feierverk 141 de 172 de 180 f 194 cd
Senga Sengana 141 d 171 de 182 g 197 ef
Symphony 145 ¢ 172 e 183 h 200 gh
Bounty 143 f 172 e 183 h 199 fg
VElas skirnes/ Late season cultivars
Pandora 152 i 179 f 191 202 h
Bogota 148 h 178 f 188 i 200 gh
Vidgji visam Skirném/
Average of all
cultivars (+s,) 141 0.5 170 +0.5 180 +0.5 196 +0.4

*starp skaitliem kolonnas, kas apziméti ar dazadiem burtiem, ir statistiski pieradama starpiba
(Dunkana kritérijs, p=0.05)/ values within columns marked by different letters have significant
difference (Duncan criteria, p=0.05).
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Atskiras arT augu fenologiskas attstibas gaita starp vértéSanas gadiem, jo
gadi bija atSkirigi péc meteorologiskajiem apstakliem. RaZoSana izm&ginajuma sakas
vidgji 29 dienas pec zied€Sanas sakuma, tas sakrit ar literatiira aprakstito. RazZoSanas
sakuma laiks bitiski (p<0.01) pozitivi korel&ja ar ziedeSanas sakuma laiku (ry,=0.77).

Vadoties no ogu ienakSanas laika un agrinuma indeksa, péc
daudzdimensionalas klasteru analizes rezultatiem vertetas Skirnes vargja iedalit Cetras
grupas: Skirnes ar agru ogu ienaksanas laiku — ‘Zefyr’, ‘Rubinovii Kulon’, ‘Honeoye’,
‘Venta’, ‘Siurprise Olimpiadi’, ‘Jonsok’; Skirnes ar vidgji agru ogu ienaksanas laiku —
‘Induka’, ‘Polka’, ‘Dukat’; Skirnes ar vidg€ji v€lu ogu ienaksanas laiku — ‘Tenira’,
‘Feierverk’, ‘Senga Sengana’, ‘Bounty’, ‘Symphony’; Skirnes ar vélu ogu ienakSanas
laiku — ‘Bogota’, ‘Pandora’.

Vidgji tris vertésanas gados agrajam Skirném ogas ienacas gada 167. diena,
un tas razoja lidz gada 193. dienai. Vidgji agrajam Skirn€m ogas saka ienakties tikai
vidgji par vienu dienu velak neka agrajam Skirn€m, tau raZoSanas periods bija par tris
dienam garaks. Vidgji velajam Skirn€m raZoSana sakas un beidzas vidgji Cetras dienas
velak neka agrajam Skirném. Savukart vélajam Skirném ogas saka ienakties vidgji 11
dienas vélak neka agrajam Skirn€m, un raZoSanas sezonu var€ja pagarinat lidz gada
201. dienai jeb par 8 dienam ilgak, neka audzgjot agras Skirnes. Kopuma, izmantojot
izm&ginajuma ieklautas Skirnes ar dazadu ogu ienaksanas laiku, zemenu razas periods
pirmaja raZoSanas gada bija 21 diena, otraja — 36 dienas, bet treSaja — 49 dienas.
RaZoSanas perioda garums pieauga lidz ar stadijjuma vecumu un bitiski (p<0.01)
pozitivi korelgja ar iegiito razu (r,,=0.88). Vidgji tris raZoSanas gados raZoSanas
perioda garums bija 36 dienas — no gada 166. lidz 202. dienai, tas ir apm&ram no
junija vidus I1dz julija otras dekades beigam, tas ir samera 1ss periods.

Ziemas bojajumi, raziba un ogu kvalitate. Izv€loties audz&Sanai Skirnes,
svarigs ir ne vien ogu ienakSanas laiks, bet arT Skirnes raziba, ogu kvalitate un izturiba
pret kaitekliem, slimibam un nelabvéligiem vides faktoriem. Ipasi nozimigs Skirnes
raditajs Latvijas klimatiskajos apstaklos ir ziemcietiba. No vertétajam Skirném
kopuma divos vertéSanas gados augstako ziemcietibu no agrajam Skirném uzradija
Skirnes ’Zefyr’ un ‘Rubinovii Kulon’, vidgji agrajam — ‘Induka’, vidgji vélajam —
‘Senga Sengana’ un vélajam — ‘Pandora’ (2. tab.).

Izvertgjot skirpu razibu, agro Skirpu grupa razigakas bija ‘Siurprise
Olimpiadi’ un ‘Zefyr’, no vidgji agrajam Skirném — ‘Polka’, no vidgji velajam
Skirném — ‘Bounty’ un ‘Senga Sengana’, no vélajam — 'Pandora’.

No vertetajam agrajam Skirném augstaka ogu vidgja masa un visgar§igakas
ogas bija ‘Venta’, tacu $ai Skirnei ogas bija mikstas, Iidz ar to nav piemérotas talai
transport€Sanai. No Skirn€m ar vid&ji agru ogu ienakSanas laiku vislielakas ogas bija
‘Induka’, bet vislabaka ogu garsSa — ‘Polka’. No $kirn€m ar vidg&ji velu ogu ienakSanas
laiku vislielakas ogas bija ‘Symphony’, bet Sai Skirnei ogu garSa bija viduvgja.
Augstako ogu garsa vertejumu vid&ji velo Skirnu grupa ieguva ‘Bounty’. No Skirném
ar velu ogu ienaksanas laiku vislielakas un garSigakas ogas bija skirnei ‘Pandora’.
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2. tabula/ Table 2
Vasaras zemenu skirpu ziemas bojajumi, raziba un ogu veértéjums/
Winter damage, yield and fruit evaluation of summer-fruiting strawberry cultivars

Skirne Ziemas bojajumi, Kopraza, kopa Ogu vert&jums, vidgji divos
vidgji divos gados, tris gados, gados/
ballés 1 — 9/ gm?¥ Fruit evaluation, average of two
Winter damage, in Total yield of years
average of two three years, vidgja masa/ garsa, balles
years, points 1 — 9 gm’ average weight, 1-9/
g [flavour, points
1-9
Agras Skirnes/ Early season cultivars
Zefyr 30 a 2473  bed 85 ¢ 6.8 ab
Rubinovii Kulon 30 a 1670 ab 6.8 7.2  abc
Siurprise
Olimpiadi 3.8 abc 3041 d 85 ¢ 7.1 abc
Jonsok 3.1 ab 2075 abc 62 a 62 a
Venta 34 ab 1712 ab 127 h 7.6 bc
Honeoye 45 cd 2115 abcd 8.8 cde 7.1 abc
Vidgji agras skirnes/ Medium-early season cultivars
Polka 3.8 abc 3044 d 8.6 «cd 80 ¢
Induka 33 ab 2434  abcd 9.9 fg 6.9 abc
Dukat 39 bce 1827 ab 8.2 bc 7.0 abc
Vidgji velas skirnes/ Medium-late season cultivars
Tenira 54 e 1471 a 8.1 bc 7.6 bc
Feierverk 39 be 2229 abcd 9.6 def 6.7 ab
Senga Sengana 3.1 ab 2789 «cd 7.1 ab 6.7 ab
Symphony 45 cd 2339  abcd 103 fg 6.6 ab
Bounty 44 cd 2961 cd 8.1 bc 7.7 be
Veélas skirnes/ Late season cultivars
Pandora 64 f 2468 bced 109 ¢ 7.3 abc
Bogota 4.8 de 1681 ab 9.7 ef 7.0 abc
Vidgji visam
Skirném/
Average of all
cultivars (+s,) 4.0 0.2 2271  #124 89 0.2 7.1 #1.2

*starp skaitliem kolonnas, kas apziméti ar dazadiem burtiem, ir statistiski pieradama starpiba
(Dunkana kriterijs, p=0.05)/ values within columns marked by different letters have significant
difference (Duncan criteria, p=0.05).

Apkopojot tris vértéSanas gadu vasaras zemenu razas un ogu kvalitates
raditajus, agro Skirpu grupa labakas bija Skirnes ‘Zefyr’, ‘Honeoye’ un ‘Siurprise
Olimpiadi’, vidgji agro Skirnu grupa — ‘Induka’ un ‘Polka’, vid&ji velo skirpu grupa —
‘Senga Sengana’ un ‘Bounty’, un no vélajam skirném — ‘Pandora’.
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Meteorologisko faktoru ietekme uz vasaras zemenu razosanas laiku

Vasaras zemenu Skirpu izvert€Sana pieradijas, ka zemenu razoSanas laiku
bitiski ietekm&é ne vien Skirne, bet arT gada meteorologiskie laika apstakli. Lai
izvert€tu zemenu razoSanas laika iesp&amas svarstibas pa gadiem, kuri
meteorologiskie faktori to visvairak ietekmé, veikta divu zemenu Skirnu ar atSkirigu
ogu ienakSanas laiku — ‘Zefyr’ (agra) un ‘Senga Sengana’ (vid€ji véla) — raZoSanas
laiku izvertéSana ilgstosa laika perioda (1990. — 2008. g.).

Izvertgjot "Zefyr’ razoSanas periodus 19 uzskaites gados, Skirnes razosanas
sakuma laiks svarstijas pa gadiem 30 dienu robeZas, bet razoSanas beigu datums — 33
dienu robezas. Skirnei *Senga Sengana’ raZoSanas sakuma laiks pa gadiem svarstijas
mazak neka Skirnei ‘Zefyr’, tas ir, 25 dienu robezas, bet razoSanas beigu datums bija
svarstijies I1idzigi ka ‘Zefyr’ — 33 dienu robezas. Abam skirném bija verojama
tendence gadu gaita razosanas laikam paagrinaties, kas vartu bt saistits ar klimata
izmainam.

Veicot korelativo sakaribu izvert€Sanu starp razoSanas sakuma laiku un
efektivo un aktivo temperatiru summam Ilidz raZoSanas sakumam, konstatéts, ka
statistiski bitiska korelacija bija tikai Skirnei ‘Zefyr’ (attiecigi korelacijai ar efektivo
temperatiiru summu r,,=0.57, p<0.01 un ar aktivo temperatiiru summu r,,=0.54,
p<0.01).

Izvertgjot meteorologisko faktoru ietekmi uz zemenu razoSanas laiku, liela
ietekme bija temperatiirai pavasara, vasaras sakuma perioda. Abam vértétajam
Skirném razoSanas sakumu biatiski (p<0.05) bija ietekm&jusas gaisa vid&jas
temperatiiras februarl un maija, minimala temperatiira jiinija, maksimala temperatiira
februari, marta, maija un jiinija, kur konstat€ta negativa korelacija ar raZoSanas
sakuma gada dienu (3. tab.).

3. tabula/ Table 3
Meteorologisko faktori ar statistiski biitisku (p<0.05) ietekmi uz zemenu skirnu
‘Zefyr’ un ‘Senga Sengana’ razoSanas sakuma laiku un ietekmes raditaji/
Meteorological factors with statistically significant (p<0.05) impact on the beginning
of fruit ripening time of strawberry cultivars ‘Zefyr’ and ‘Senga Sengana’ and impact

parameters

Faktors/ Laiks/ Zefyr Senga Sengana

Factor Time R’ by p R’ byx p
Dienu skaits ar no gada sakuma Iidz
t*>10 °C/ razoSanas sakumam/
Number of days from the beginning of
with t*>10 °C year till fruit ripening | 0.42 | 0.58 | 0.003 | 0.35 0.56 | 0.007
Dienu skaits ar no gada sakuma lidz
t>5 °C/ razoSanas sakumam/
Number of days from the beginning of
with 5 °C year till fruit ripening | 0.29 | 0.56 | 0.018 - - | ns**
Minimala t/ februaris/ February 0.24 | -0.48 | 0.032 - - ns
Minimal t, °C junijs/ June 0.35 | -0.13 | 0.008 | 0.29 | -0.14 | 0.018
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3. tabulas turpinajums/ Table 3 continued

Faktors/ Laiks/ Zefyr Senga Sengana
Factor Time R? byx p R’ by« p
Maksimala t/ februaris/ February 029 | -0.19 | 0.016 | 0.24 | -0.10 | 0.035
Maximal t, °C marts/ March 0.28 | -0.20 | 0.019 | 0.28 | -0.19 | 0.021
maijs/ May 0.29 | -0.19 | 0.016 | 0.27 | -0.22 | 0.022
junijs/ June 0.23 | -0.12 1 0.039 | 0.22 | -0.14 | 0.042
Minimala

virszemes t/
Minimal t on soil

surface, °C marts/ March 0.21 | -0.34 | 0.050 - - ns
Gaisa vidgja t/ februaris/ February 0.26 | -0.23 | 0.027 | 0.21 | -0.23 | 0.050
Average air t, °C maijs/ May 0.26 | -0.10 | 0.026 | 0.25 | -0.11 | 0.030
ATS* (t>10 °C) maijs/ May - - ns | 031 ] -5.60 | 0.013
ETS* (t>5 °C) maijs/ May - - ns | 029 | -3.86 | 0.017
Nokrisni/ maijs/ May 035 | 1.81 | 0.008 | 0.43 2.24 | 0.002
Percipitations, no gada sakuma Iidz
mm razoSanas sakumam/

from the beginning of

year till fruit ripening | 0.24 | 6.16 | 0.033 | 0.26 7.07 | 0.025
*t — temperatlira/ temperature; ATS — aktivo temperatiru summa/ The sum of active

temperatures; ETS — efektivo temperatiiru summa/ The sum of effective temperatures.
**ns — statistiski nebtiska ietekme/ statistically nonsignificant influence.

RaZo$anas sakuma laiku abam Skirném biitiski bija ietekmgjis arT dienu skaits
ar temperatiiru virs 10 °C un nokriSnu daudzums no gada sakuma lidz raZoSanas
sakumam, un nokri$ni maija. NokriSnu daudzums maija un no gada sakuma lidz
razoSanas sakumam abam vertétajam Skirn@m batiski (p<0.05) pozitivi korelgja ar
razoSanas sakumu. Tas norada uz to, ka vairak nokrisnu raZo$anas sakumu pavélina,
iesp&jams, tas saistits ar apmakuSos laiku un pazeminatu saules radiaciju nokri$nu
laika.

Vertgjot starp Skirn€m, agrinajai Skirnei ‘Zefyr’ vislielaka ietekme uz
razoSanas sakuma laiku bija dienu skaitam ar temperatiiru virs 10 °C no gada sakuma
Iidz raZoSanas sakumam, bet vidgji v€lajai Skirnei ‘Senga Sengana’ — nokrisnu
summai maija.

Darba tika veikta daudzfaktoru linearas regresijas modela izstrade razoSanas
laika prognozesanai ar secigu faktoru ieklausanu. Statistiski ticamu (p=0.000;
R’=0.70) modeli vidgji vélajai Skirnei ‘Senga Sengana’ vargja izveidot, ieklaujot taja
faktorus: minimala dekazu vid€ja virszemes temperatiira maija, nokriSnu daudzums
maija un dienu skaits ar temperatiiru virs 5 °C maija, veidojot regresijas vienadojumu:

YSS: 10387 - 2~33TvidA virsz. min V T+ 019NV + 257Dv, (2)
kur: Ygs— razoSanas sakuma laiks Skirnei ‘Senga Sengana’, gada
diena;

Tyid. virsz. min v — Minimala dekaZu vid€ja virszemes temperatiira maija, °C;
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Ny — nokri$ni maija, mm;
Dy - dienu skaits ar temperatiiru virs 5 °C maija.

Savukart, veidojot regresijas modeli agrinas Skirnes ‘Zefyr’ raZoSanas sakuma
laikam, statistiski ticamu (p=0.019) regresijas modeli ar determinacijas koeficientu
0.77 8kirnei ‘Zefyr’ vargja izveidot, ja regresijas modelt ieklava daudz vairak raditaju:
vidgjo, maksimalo un minimalo temperatiiru februari; maksimalo un virszemes
minimalo temperatiiru marta; vidéjo un maksimalo temperatiiru un nokriSnpu daudzumu
maija.

Rezultati norada uz to, ka agras Skirnes ‘Zefyr’ raZoSanas sakuma laiku lauka
apstaklos ietekmé vairak faktoru neka velinakai Skirnei ‘Senga Sengana’. Turklat
agras Skirnes razoSanas sakuma laiku vairak ietekmgja laika apstakli visa ziemas —
pavasara sezona, bet v&linakai Skirnei — laika apstakli maija. RaZoSanas laika
pasteidzinasanai janodroSina augstakas gaisa temperatiiras pavasara sezona, to var
panakt ar dazadu virssegumu izmantoSanu.

Zemenu razosanas sezonas pasteidzinasana, izmantojot dazadus virssegumus un
melno plévi augsnes mulcai

Virssegumu un mulcas ietekme uz zemenu ziedéSanas un raZoSanas
laiku. Zemenu razoSanas laika pasteidzinaSanai izm&ginajuma tika vertéti divi augu
virsseguma veidi — polietiléna pléve un agrotikls, veidojot zemos tunelus, no augsnes
mulé¢am — melna pléve.

4. tabula/ Table 4
Zemenu ziedeéSanas un razosanas sakums, audzeésana izmantojot dazadus
virssegumus, vidgji tris veértéSanas gados/
The beginning of strawberry flowering and harvesting using different plant covers, in
average of three testing years

Virsseguma veids/ Zied@Sanas sakums/ RazoSanas sakums/
Plant cover Beginning of flowering Beginning of fruit harvesting
gada starpiba, salidzinot ar gada starpiba, salidzinot ar
diena/ kontroli, dienas/ diena/ kontroli, dienas/
day of the difference in day of the difference in
the year comparison to the year | comparison to control,
control, days days
Bez seguma
(kontrole)/ Without
cover (control) 137 c* 0 165 ¢ 0
Agrotikls/ Agronet | 130 a -7 157 b -8
Pléve/ Plastic 124 b -13 150 a -15
p 0.000 - 0.000 -

*starp skaitliem kolonnas, kas apziméti ar dazadiem burtiem, ir statistiski pieradama starpiba
(Dunkana kritérijs, p=0.05)/ values within columns marked by different letters have significant
difference (Duncan criteria, p=0.05).
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No vertetajiem faktoriem vislielaka ietekme uz zemenu zied€Sanas un
razo¥anas laiku bija augu virssegumiem, kur faktoru ietekmes ipatsvars 1’ ziedéSanas
sakumam bija 72%, bet razoSanas sakumam — 77%. Vidgji tris verte€Sanas gados
pléves virssegums pasteidzinaja ziedeSanu vidg&ji par 13 dienam un razoSanu — vidgji
par 15 dienam, bet agrotikla segums — attiecigi ziedéSanu par 7 un raZoSanu par 8
dienam, salidzinot ar audze$anu bez segumiem (4. tab.).

Melnas pléves mul€as ka faktora ietekmes Ipatsvars uz zemenu ziedéSanas un
raZo$anas sakumu izmégindjuma bija loti zems: n° zied&Sanas sakumam — 0.1%, 1’
razoSanas sakumam — 0.02%. Statistiski butiska mulcas ietekme uz ziedéSanas un
razoSanas sakumu nav konstatéta. Konstateta biitiska gadu un mul¢as mijiedarbiba
(p<0.01) un butiska segumu un mulcas mijiedarbiba (p<0.01) attieciba uz razoSanas
sakuma laiku. Audzgjot bez virsseguma, raZzoSana uz melnas pléves sakas vidgji par
vienu dienu agrak, neka audz&jot bez augsnes mul€as. Savukart, audzgjot ar pleves
virssegumu, razo$ana uz melnas pléves sakas vidgji par vienu dienu véelak, neka
audzg€jot bez augsnes mulCas. Statistiski bitiska mijiedarbiba starp visiem tris
galvenajiem faktoriem — mul¢a, segums, $kirne — izméginajuma nav konstatéta.

Ar agrako raZoSanas laiku raksturojami audzeSanas varianti, kur agrinas
Skirnes ‘Zefyr’ un ‘Honeoye’ audz&tas uz dobém gan bez, gan ar melnas pléves mulcu
un ar pléves virssegumu pavasari. Sajos variantos ra7o$ana sakas maija beigas.

Virssegumu un muléas ietekme uz zemenu razibu. Augu virssegumu
ietetkme uz zemenu raZibu bija neliela, bet statistiski bitiska (nzkopmiﬁ 0.6%;
nzbruw rza= 1.4%; p<0.01) un svarstijas pa gadiem. Abi vertetie virssegumi — agrotikls
un pléve — bija butiski paaugstinajusi kopa tris audz&Sanas gados iegiito zemenu bruto
razu (p=0.001). Pléves virsseguma izmanto$ana bija paaugstinajusi bruto raZu par
27%, bet agrotikla izmantoSana — par 29%, salidzinot ar audz&Sanu bez virsseguma.
Bitiskas atSkiribas raziba starp abiem vért€tajiem virssegumu veidiem — agrotiklu un
plévi — nav konstat€tas.

Abi vertétie virssegumi bija uzlabojusi arT raZas kvalitati, jo Sajos variantos
bija bitiski procentuali vairak augstakas kvalitates jeb E un I kategorijas ogas
(p=0.000) un mazak nestandarta ogas (p=0.000) neka nesegtaja varianta. Visvairak E
kategorijas ogas, kuram ir visaugstaka pardoSanas cena, ievaktas, audze$ana
izmantojot agrotikla virssegumu, vid&ji 138 g m™ jeb par 23% vairak, neka audzgjot
bez virsseguma. Abu virssegumu izmantoSana bija bitiski (p=0.000) veicinajusi
pelekas puves (Botrytis cinerea Pers.) infekciju, lai gan kopuma izméginajuma pelekas
puves bojato ogu bija maz. PuvuSo ogu Ipatsvars, audz€jot ar pléves virssegumu, bija
pieaudzis vidgji par 1.5%, bet ar agrotikla virssegumu — vidgji par 1.9%, salidzinot ar
audzeS$anu bez seguma.

Lielaka ietekme neka virssegumiem uz zemenu raZibas paaugstinasanu bija
melnas pléves mulcai ('I']zkopraza= 5.7%; nzbrmo raza= 3.9%; p<0.001). Kopa tr1s vertésanas
gados, audzg€jot ar melnas pléves mulcu, iegiita videji par 50% augstaka kopraZa un
par 46% augstaka bruto raZa neka audz&jot bez augsnes mulcas. Melnas pléves mulcas
izmanto$ana bija paaugstinajusi razibu visam tris vert€tajam Skirném gan audzgjot ar
virssegumiem, gan bez tiem.
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Ta ka izmégindgjuma mérkis bija pasteidzinat zemenu raZas ienakSanas
sakumu, svarigi bija ieglit p&c iesp&jas lielaku agro ogu razu. No visiem vert€tajiem
audz€Sanas variantiem vid&ji tris vert€Sanas gados augstaka bruto raza maija
3. dekade, kad sakas raZoSana, iegita Skirnei ‘Zefyr’ audz€Sanas varianta ar pléves
virssegumu un bez mulcas (1. att.). Jinija 1. dekad@ un arT abas dekades kopa (maija
3. un junija 1. dekad€) augstaka bruto raza ievakta Skirnei ‘Zefyr’ audzgSanas varianta
ar pléves virssegumu un melnas pléves mulcu. Tas ar1 biitu ieteicamakais audzeé$anas
variants agras razas iegtiSanai.
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1.att. Zemenu bruto raza maija 3. un jinija 1. dekadg, vidgji tris vértéSanas
gados dazados audzesanas variantos, g m>.
Fig. 1. Strawberry marketable yield in the third decade of May and the first decade of
June under different treatments, g m”.
Starp raditajiem dekazu ietvaros, kas apzimeti ar dazadiem burtiem, ir statistiski pieradama
starpiba (Dunkana kriterijs, p=0.05)/ values within decades marked by different letters have
significant difference (Duncan criteria, p=0.05).

Rezultati norada — lai izlidzinatu raZas apjomu pa vakSanas laikiem un
pagarinatu raZoSanas laiku, jaizmanto gan pléves, gan agrotikla virssegumi, agrako
razu ievacot zem pléves seguma, bet pec tam — zem agrotikla seguma.

Virssegumu un muléas ietekme uz ogu kvalitati. Virssegumiem bija
bitiska ietekme uz ogu vidgjo masu (p<0.000). Ogu masu samazinaja abi lietotie
virssegumi, bet visvairak pléves virssegums. Vidgji trTs vertéSanas gados, audzgjot bez
virsseguma, ogu vidéja masa bija 10.6 g, audzgjot ar agrotikla virssegumu — 10.2 g, ar
pléves virssegumu — 8.4 g. Izvértejot pléves mulcas ietekmi, konstatéts, ka tas
izmantoSana bija biitiski (p<0.01) palielindjusi ogu vidéjo masu. Audz&jot uz melnas
pléves mul€as, ogu vidéja masa pieauga vid&ji par 0.8 g jeb 8.0%, salidzinot ar

audz&Sanu bez mulcas.
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Liela ietekme uz ogu vidéjo masu bija kirnei (3’=29%; p=0.000). Ar
vislielako ogu vid&jo masu raksturojama Skirne ‘Honeoye’ (10.1 g), bet vissikakas
ogas bija Skirnei ‘Polka’ (9.3 g). Izméginajuma konstatEtas arT bitiskas faktoru —
segums un Skirne (n2 =3.9%; p=0.000) un mulc¢a un Skirne (n2:1.3%; p=0.000) —
mijiedarbibas attieciba uz ogu vidgjo masu. No visiem vert€tajiem audz€Sanas
variantiem lielaka ogu vid€ja masa bija Skirnei ‘Honeoye’, kas audzéta uz dobém ar
melnas pléves mulcu un bez virsseguma izmantoSanas (11.8 g).

Virssegumi butiski ietekmgja arT ogu stingrumu, kas ir svarigs raditajs pie
ogu transportéSanas un glabaSanas. Mikstakas ogas bija variantos, kur audzéSana
izmantots pléves virssegums, zem kura bija visaugstaka temperatiira. Arl agrotikla
virssegums paaugstindja gaisa temperatliru zem seguma un negativi ietekmeja ogu
stingrumu. Ogu stingrums vid&ji cieSi negativi korelgja ar gaisa temperatiru zem
segumiem (ry,= -0.75). Melnas pléves mulCas statistiski biitiska ietekme (p=0.0004)
uz ogu stingrumu paradijas tikai viena no vert€Sanas gadiem — 2008. gada, kad,
audzgjot uz melnas pléves, ogas bija mikstakas, neka audz€jot bez mulcas.

Ogu kvalitates noverteSanai nozimigi ir biokimiskie raditaji. Izméginajuma
ogu biokimiskais sastavs butiski vari€ja gan starp vértéSanas gadiem, gan audz€Sanas
variantiem un Skirném.

No visiem vertétajiem faktoriem vislielaka ietekme uz C vitamina un fenolu
saturu ogas, ka arT antiradikalo aktivitati bija Skirnei (5. tab.).

5. tabula/ Table 5
Faktoru: gads, mulca, virssegums, $kirne, ietekmes ipatsvars uz ogu biokimisko
sastavu, 1°%
The effect size of factors: year, mulch, plant cover and cultivar, on strawberry
biochemical content, 112%

Faktors/ AN FEN CVIT TS AA SS
Factor

Gads/

Year 34 ck* 4.1 w* 1.8 ** 11.0 ** 09 * 28.0 **
Mulca/

Mulch 2.4  k* 1.9 ** 0.8 ns 6.3 k* 0.8 ns 0.6 ns
Segums/

Cover 36.2 ** 50 ** 1.6 ns 103 ** 93 k¥ 0.7 ns
Skirne/

Cultivar 115 *+ | 422 ** 559 ** 9.3 k% 312 ** 257 **

AN - antociani/ anthocyanins; FEN — kopgjie fenoli/ total phenolics; C VIT — C vitamins/
vitamin C; TS — titrjamas skabes/ titratable acidity; AA — antiradikala aktivitate/ radical
scavening activity; SS — $kistosa sausna/ soluble solids.

* jetekme statistiski butiska pie ticamibas p=0.05/ significant at p=0.05; ** ietekme statistiski
bitiska pie ticamibas p=0.01/ significant at p=0.01, ns — ietekme nav statistiski biitiska/ not
significant; Fisera tests/ F test.

Antocianu saturu ogas visvairak bija ietekmgjis virssegums. Abi virssegumi
antocianu saturu ogas bija bitiski samazinajusi. Savukart Skisto$as sausnas un
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titrgjamo skabju saturu vairak ietekm&a gada meteorologiskie apstakli. Vismazaka
ietekme uz ogu biokimisko sastavu bija augsnes mulcai.

Ta ka paraugi tika ievakti dazados datumos, jo raZzoSana dazados audz&Sanas
variantos notika atSkirigos laikos, biokimisko sastavu butiski vargja ietekmét art
meteorologiskie apstakli pirms paraugu vakSanas. Izm&gindgjuma konstatéta butiska
vid&jas gaisa temperatiiras dekade, kad ievakti ogu paraugi, pozitiva ietekme uz ogu
fenolu saturu (ry= 0.36; p<0.05), $kistosas sausnas daudzumu (ry,= 0.36; p<0.01) un
antiradikalo aktivitati (r,= 0.37; p<0.05). Turklat konstat€ta butiski negativa
korelacija starp ogu paraugu vakSanas dekades nokriSnpu daudzumu un ogu fenolu
saturu (r= -0.38; p<0.05), $kistoSas sausnas saturu (ry,=-0.23; p<0.01) un
antiradikalo aktivitati (ry,= -0.43; p<0.05).

Ogu paraugos vid&ji divos vertéSanas gados atkariba no audzeSanas varianta
titr§jamo skabju daudzums vari&ja no 0.81 Iidz 1.14%, Skistosas sausnas saturs — no
8.9 Iidz 11.3 °Brix, C vitamins — no 49.1 Iidz 88.4 mg 100 g'l, antocianu daudzums —
no 13.7 lidz 25.9 mg 100 g, kopgjo fenolu daudzums — no 164 lidz 257 mg 100 g™
un antiradikala aktivitate — no 65.1 11dz 86.2%.

Aukstuma glabato zemenu stadu vértéjums vélinas razas ieguvei lauka apstaklos

Aukstuma glabato stadu izmantoS$ana raZoSanas sezonas pagarinasanai plasi
tiek izmantota daudzas valstis, tau Latvija pétfjumu par aukstuma glabatajiem
stadiem ir Joti maz. Promocijas darba apkopoti tris dazados laikos ierikoto
izméginajumu rezultati. [zverteti dazadu kategoriju stadi un dazada stadiSanas bieziba.

Aukstuma glabato stadu fenologiska attistiba atkariba no stadiSanas
laika. Izm&ginajumos pieradijas, ka, stadot aukstuma glabatos stadus dazados laikos,
var biitiski pagarinat zemenu razoSanas sezonu to stadiSanas gada. RazoSanas sezonas
pagarinajums atkarigs gan no aukstuma glabato stadu stadiSanas laika, gan konkréta
gada meteorologiskajiem apstakliem.
zied&Sana sakas junija vidd, tas ir, 17 dienas péc iestadiSanas, bet raZoSana — jilija
vidi, tas ir, 42 dienas péc iestadiSanas (6. tab.). RaZoSana turpinajas Iidz augusta
otrajai pusei. Taja pasa gada tradicionali audzétas zemenes Pures DIS raZoSanas
stadijumos jau beidza razot jiilija beigas.
ziedgt julija sakuma, tas ir, 19 dienas p&c iestadiSanas, bet razot — augusta sakuma, tas
ir, 49 dienas péc iestadiSanas. RaZoSana turpinajas Iidz septembra vidum, tatad bija
butisks razosanas laika pagarinajums.

3. izméginajuma, kad aukstuma glabatie stadi tika iestaditi 9. maija, tie saka
zied@t junija sakuma, tas ir, vid&ji 23 dienas péc iestadiSanas. RaZoSana aukstuma
glabatajiem stadiem sakas jilija sakuma, tas ir, vid€ji 55 dienas péc iestadiSanas jeb
14 dienas velak neka svaigi raktajiem stadiem. RaZoSana beidzas augusta pirmaja
dekadeg, tas ir, vid&ji 29 dienas vélak neka svaigi raktajiem stadiem.

Apkopojot tris izméginajumu rezultatus, aukstuma glabatajiem stadiem
stadiSanas gada razoSana sakas videji 49 dienas péc iestadiSanas, tas atSkiras no

19



literatira minéta, ka aukstuma glabato stddu raZoSana sakas vid&ji 60 dienas péc
iestadiSanas.

6. tabula/ Table 6
Zemenu stadu ziedéSanas un razosanas laiki pirmaja audzeésanas gada/
Strawberry plant flowering and fruit harvesting time in the first growing year

Stadu veids, StadiSanas ZiedéSanas RaZo$ana/ Fruit harvesting
kategorija/ laiks, sakums, sakums, beigas, perioda garums,
Plant type, grade datums/ datums/ datums/ datums/ dienas/
Planting Beginning of | beginning, end, the leght of
time, date Sflowering, date date period, days
date (£s,)

1. izméginajums/ Trial 1

Aukstuma glabatie
stadi/ Cold stored
plants, A+ 02.06. 19.06. 14.07. 20.08. 38 1.1

2. izmé&ginajums/ Trial 2

Aukstuma glabatie
stadi/ Cold stored
plants, A 13.06. 02.07. 03.08. 15.09. 43 +0.0

3. izméginajums/ Trial 3

Aukstuma glabatie
stadi/ Cold stored

plants, A 09.05. 03.06. 03.07. 10.08. 38 #1.6
Svaigi raktie stadi,

standarta/ Fresh

dug plants, CAC 09.05. - 17.06. 12.07. 26 £3.1

Otraja audz&sanas gada aukstuma glabato stadu zied&Sanas un razoSanas laiks
neatskiras no tradicionali audz&to zemenu ziedé$anas un razosanas laika.

Izvertejot aukstuma glabato stadu dazadu stadiSanas biezibu — 33 000, 50 000
un 66 000 augi ha!, statistiski bitiskas atikiribas zemenu ziede$anas un ra’oSanas
sakuma laikos starp stadiSanas biezibas variantiem pirmaja audzeSanas gada netika
Konstatgtas. Varianta ar stadi$anas biezibu 66 000 augi ha' raZoSanas periods bija par
6 dienam garaks neka pie stadiSanas biezibas — 33 000 augi ha™, tatad svaigo zemenu
sezona tika pagarinata vél gandriz par nedelu.

Aukstuma glabato stadu razibas un Kkvalitates vertéjums. Aukstuma
glabato stadu raZiba atSkiras starp izm&ginajumiem, jo stadiSanai tika izmantoti
dazada lieluma stadi. Visaugstaka raza iegiita 1. izm&gindgjuma, kura izmantoti
augstakas (A+) kategorijas stadi ar lielako saknu kaklina diametru — vidg&ji 15 — 18
mm (7. tab.). Viszemaka raza iegita 3. izm&ginajuma, kur stadiSanai izmantoti A
kategorijas stadi ar vismazako saknu kaklina diametru — vid&ji 10 mm. Datu
korelacijas analize paradija, ka aukstuma glabato stadu raziba Skirnei ‘Elsanta’
stadiSanas gada cieSi pozitivi korele ar stadu saknu kaklina diametru (r,,=0.80), tas
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saskan ar literatiira aprakstito. Otraja audz€Sanas gada sakotn&jais saknu kaklina
diametrs vairs razibu bitiski neietekm&ja (p>0.05).

Atskiribas starp izmégindjumiem izpaudas ne vien aukstuma glabato stadu
raziba, bet arT razas kvalitatg, to ietekm&ja gan stadu lielums, gan arT meteorologiskie
apstakli. 1997. gada vasara, kad ierikots 1. izmégindjums, bija sausa un karsta, tapec
ogas bija sameéra sikas un maz E un I kategorijas ogu. Savukart 1998. gada sezona,
kad ierikots 2. izméginajums, bija v€saka un ar pietiekoSu nokrisnu daudzumu, tapec
ogas $aja izm&ginajuma veidojas lielakas. 2008. gada sezona, kad ierikots
3. izméginajums, bija visvésaka, tas pazeminaja ogu kvalitati, veidojas daudz
nestandarta ogu, ka arT $aja izm&ginajuma bija izmantoti vissikakie stadi, kas ari
pazeminaja ogu lielumu.

7. tabula/ Table 7
Aukstuma glabato stadu raziba un ogu kvalitate stadiSanas gada, izmantojot
dazadas stadiSanas biezibas variantus/
Yield and fruit quality of cold stored plants in the planting year in different planting

densities
StadiSanas Bruto raza/ E un I kategorijas ogas, % Ogu vidgja
bieziba, augi ha™'/ Marketable yield no koprazas/ masa/
Planting density, gm? g augs’/ Class E and 1, in % from | Average fruit
plants ha! g plant’ total yield weight, g
1. izméginajums, A+ kategorijas stadi/ Trial 1, A+ grade plants

33000 223 70 47 8.96
50 000 347 67 48 8.80
Vidgji/ Average 285 69 47 8.88

p 0.026 0.710 0.915 0.124

2. izmé&ginajums, A kategorijas stadi/ Trial 2, A grade plants

33000 162 49 64 11.38
50 000 231 46 60 10.89
Vidgji/ Average 197 48 62 11.14

p 0.062 0.717 0.476 0.247

3. izméginajums, A kategorijas stadi/ Trial 3, A grade plants

33000 70 21 44 8.20
66 000 153 23 55 8.00
Vidgji/ Average 112 22 49 8.10

p 0.04 0.669 0.032 0.544

Izveértejot aukstuma glabato stadu stadiSanas biezibas variantus 33 000 un
50 000 augi ha”, abos ierikotajos izmégindjumos stadiSanas gada, izmantojot lielaku
stadiSanas biezibu, iegiita augstaka bruto raza (vid€ji par 43 — 56% augstaka), tacu
statistiski butiski augstaka (p<0.05) ta bija tikai 1. izm&gindjuma, kad stadisana
izmantoti lielaki stadi (7. tab.). RaZiba no auga starp abiem stadiSanas biezibas
variantiem statistiski batiski neat$kiras. Otraja razoSanas gada abos izméginajumos
biitiski augstaka raZa no platibas vienibas iegiita, izmantojot lielaku stadiSanas biezibu
(p<0.05). Bitiskas atskiribas raZas kvalitateé un ogu vid€ja masa starp stadiSanas
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biezibu 33 000 un 50 000 augi ha™ abos izméginajumos, abos vértésanas gados netika
konstatgtas.

Izvértgjot stadiSanas biezibas variantus 33 000 un 66 000 augi ha”, pie
lielakas stadiSanas biezibas gan pirmaja, gan otraja audz€Sanas gada iegtita butiski
augstaka (p<0.05) bruto raZa no platibas vienibas neka retaka stadijjuma (attiecigi
pirmaja gada par 107% un otraja — par 28%), tacu otraja audzeSanas gada pie lielakas
(p=0.027). Ogu videja masa abos vertéSanas gados starp abiem stadiSanas biezibas
variantiem bitiski neat$kiras, ka arT lielaka stadiSanas bieziba nesamazindja E un I
kategorijas ogu ipatsvaru.

Remontanto zemenu Skirnpu vértéjums razosanas sezonas pagarinasanai

Garas dienas tipa remontanto zemenu Skirpu vértéjums. Izmantojot
audz€Sana remontantas garas dienas zemenu Skirnes, var€ja pagarinat zemenu
razoSanas sezonu lidz pat rudens salnam. StadiSanas gada remontantajam zemeném
razoSana sakas augusta sakuma un turpindjas lidz 2. oktobrim, kad ziedi un ogas
apsala. RaZoSanas gaita raksturojama ar pakapenisku razas pieaugumu rudent (2. att.).
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2.att. Remontanto garas dienas tipa zemenu razoSanas gaita tris razZoSanas gados/
Fig. 2. Production pattern of everbearing long-day cultivars in three years.

Otraja un treSaja audz&Sanas gada raZoSana abam vertetajam skirném sakas
junija otraja dekade — reize ar vasaras Skirném. Otraja gada raZoSana turpinajas lidz
pirmajam rudens salnam, tas ir, 12. oktobrim. TreSaja gada rudens salnas sakas agrak
un razu vargja vakt tikai Iidz septembra vidum. RaZoSanas gaita otraja un tresaja
razoSanas gada bija neizlidzinata un abam Skirn€m veérojami divi razas maksimumi —
vasaras sakuma, reiz€ ar vasaras zemenu Skirném, un vasaras beigas — augusta beigas,
septembrT.
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No izm&ginajuma vertetajam Skirném vislabaka raziba bija $kirnei ‘Krimskaja
Remontantnaja’, kura arT deva visaugstako rudens razu (8. tab.). Tacu ogas Sai Skirnei
bija saméra mikstas un vairak puva, tapéc ieteicams to audz€t pardoSanai uz vietas
saimnieciba un audz&$ana ieverot profilaktiskos pasakumus puves ierobeZoSanai.

8. tabula/ Table 8
Remontanto garas dienas zemenu Skirnu raziba un ogu vértéjums, vidéji tris
vertésanas gados/
The yield and fruit evaluation of everbearing long-day cultivars, in average of three

years
Skirne/ Bruto raza/ | Puvusas Ogu Ogu sensorais Vertgjums, balles*/
Cultivar Marketable | ogas, % vidgja Sensorial evaluation of fruits,
yield, g m™ no masa/ points*
koprazas/ | Average argjais garSa/ | stingrums/
Rotted Sfruit izskats/ flavour |  firmness
fruits, in | weight, g | attractiveness
% from
total
yield
Rapella 174 7.6 11.6 3.5 3.8 33
Krimskaja
Remontantnaja 293 144 1.3 3.9 3.9 2.7
p 0.000 0.000 0.627 0.093 0.964 0.002

*vertgjums dots ballés 1 — 5, kur 1 — zemakais pozitivais vert€jums, bet 5 — augstakais/ the
evaluation is given in points 1 — 5, where 1 — the lowest positive evaluation and 5 — the highest.

Skirne ‘Rapella’ uzradija saméra zemu ziemcietibu, un lidz ar to arf raza
otraja un treSaja audzEéSanas gada bija zema, taCu tai bija stingrakas ogas neka
‘Krimskaja Remontantnaja’. So $kirni ieteicams audz&t tikai vienu raZo$anas sezonu.
Ogu lielums un garSas un argja izskata vert€jums abam Skirném bija I1dzigs.

Neitralas dienas tipa remontanto zemenu Skirpu vértéjums. P&tijumu
rezultati paradija, ka, izmantojot audzE€Sana remontantas neitralas dienas zemenu
Skirnes 11dzigi ka garas dienas remontantas zemenes, ar1 var butiski pagarinat zemenu
raZoSanas sezonu Latvija.

Pirmaja audzesanas gada, stadot pavasari, neitralas dienas $kirném raZoSanas
periods sakas julija 1. dekade (3. att.). Pedgjas ogas abam Skirném novaktas
12. oktobr1, jo péc tam sakas rudens salnas. Otraja audzéSana gada raZoSana abam
vertetajam skirném sakas jiinija 2. dekade un turpinajas lidz rudens salnam, kas sakas
15. septembr1. TreSaja audzeéSanas gada augi bija ziema stipri apsalusi, tapéc verteéSana
vairs netika veikta.

Izvertgjot raZzoSanas gaitu, pirmaja audzeéSanas gada, lidzigi ka garas dienas
zemen&m, razoSana pieauga rudens puse (3. att.). Otraja audz&Sanas gada, ar1 [idzigi ka
garas dienas zemen&m, abam Skirn€m razoSanas gaitd novérots neliels cikliskums ar

beigas, septembra sakuma. Vasaras sakuma raZiba kopuma bija zemaka neka rudeni.
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3.att. Remontanto neitralas dienas tipa zemenu raZoSanas gaita divos razoSanas
gados/
Fig. 3. Production pattern of everbearing day-neutral cultivars in two years.

No vertetajam neitralas dienas Skirn€m butiski augstaku razu deva Skirne
‘Calypso’ (9. tab.).

9. tabula/ Table 9

Remontanto neitralas dienas zemenu Skirpu raziba un ogu vértéjums, vidéji divos
vertésanas gados/
The yield and fruit evaluation of everbearing day-neutral cultivars, in average of two

years
Skirne/ | Brutoraza/ | Puvusas ogas, Ogu Ogu sensorais vertgjums, balles*/
Cultivar | Marketable % no vidgja Sensorial evaluation of fruits, points*
yield, g m™ kopraZas/ masa/ argjais garSa/ | stingrums/
Rotted fruits, Average izskats/ Sflavour | firmness
in % from total Sruit attractiveness
yield weight, g
Selva 322 5.8 12.6 4.0 3.6 4.1
Calypso 434 8.2 10.7 4.1 4.2 3.5
p 0.018 0.139 0.000 0.571 0.057 0.036

*vert&jums dots ballés 1 — 5, kur 1 — zemakais pozitivais vertgjums, bet 5 — augstakais/ the
evaluation is given in points 1 — 5, where I — the lowest positive evaluation and 5 — the highest
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Procentuali vairak lielo ogu un mazak nestandarta ogu, ka arT lielaka ogu
masa un stingrakas ogas bija Skirnei ‘Selva’, kurai gan ogu garSa bija sliktaka neka
‘Calypso’. Abam vérteétajam Skirn€m Iidz ar stadijuma vecumu raZiba un augu
dzivotsp&ja samazinajas, tapec tas nav ieteicams audzet ilgak par divam raZoSanas
sezonam.

Vertejot kopuma, zemenu raZoSanas sezonas pagarinaSanai no neitralas
dienas zemen&m audzesanai Latvijas apstak]os ieteicamaka ir ‘Calypso’.

Pirmo ziedneSu izkniebsanas ietekme uz remontanto zemenu razosanu.
Ziednesu izkniebsSana 11dz jinija sakumam abam vértétajam skirnpu grupam pavélinaja
razosanas sakuma laiku. Garas dienas Skirném tomér ta bija neefektiva, jo pazeminaja
kopgjo razibu un lielo ogu daudzumu. Neitralas dienas Skirn€m raZibu un raZas
kvalitati ziedneSu izkniebSana biitiski neietekméja, bija ve@rojama tendence raZibai
pieaugt augusta ménesi, 1pasi Skirnei ‘Calypso’.

Zemenu raZosanas sezonas pagarinasanas ekonomiskais vértéjums

Darba veikts dazadu izm&gindgjumos izmantoto raZoSanas sezonas
pagarinaSanas metoZu ekonomiskais izvertejums, veicot vienkarSotu izmaksu — bruto
ienémumu — aprékinu.

Virssegumu un melnas pléves mulfas izmantosana. Veértgjot kopuma,
audzeéSanas varianti, kur raZoSanas laika pasteidzina$anai izmantots pléves segums un
kur ogas ienacas visagrak, bija ekonomiski izdevigi (10. tab.). Audz&Sana atmaksajas
jau otraja raZoSanas gada.

10. tabula/ Table 10
Zemenu audzéesanas izmaksas un bruto segums, audzéjot bez augsnes mul¢ésanas
un ar melnas pléves mul¢u, izmantojot dazadus virssegumus, kopa tris
audzesanas gados/
Growing expenses and gross profit of strawberry grown without mulching
and with black plastic mulch and different plant covers, in total of three years

Segums/ Skirne/ Kopégjas Bruto raza/ | RaZas Bruto
Plant cover | Cultivar audze€Sanas Marketable | vertiba/ segums/

izmaksas/ Total yield, Yield Gross

expenses, kg ha’! value, profit,

€ha' € ha' €ha'

Audzgjot bez mulcas/ Growing without mulching

Bez seguma/ | Zefyr 17094 4218 10781 -6313
without Honeoye 17739 6210 14175 -3564
cover Polka 18360 8149 16128 -2232
Agrotikla Zefyr 28282 5866 20871 -7411
segums/ Honeoye 30100 10591 33848 3748
Agronet Polka 30856 12941 31399 543
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10. tabulas turpinajums/ Table 10 continued

Segums/ Skirne/ Kopgjas Brutoraza/ | Razas Bruto
Plant cover | Cultivar audzesanas Marketable | vertiba/ segums/
izmaksas/ Total yield, Yield Gross
expenses, kg ha'! value, profit,
€ha' € ha’' € ha'!
Pleves Zefyr 35878 6442 39201 3323
segums/ Honeoye 36943 9737 49103 12159
Plastic Polka 37945 12865 48043 10098
Audzgjot ar melnas pléves mulcu/ Growing with black plastic mulch
Bez seguma/ | Zefyr 18679 7783 21393 2714
without Honeoye 19380 9929 24147 4767
cover Polka 21643 16965 32857 11214
Agrotikla Zefyr 29228 6897 27562 -1665
segums/ Honeoye 31524 14030 48282 16758
Agronet Polka 32874 18232 42572 9698
Pleves Zefyr 37741 11259 60443 22702
segums/ Honeoye 37399 10379 48005 10607
Plastic Polka 39652 17314 60038 20386
ParsegSanai izmantojot agrotikla segumu, ogas ienacas vélak, neka

izmantojot pléves segumu, tapéc to pardoSanas cena bija zemaka, un lidz ar to zemaki
arT iendkumi. Ne visos vertétajos audz€Sanas variantos agrotikla izmantoSana
atmaksajas. Ekonomiskas efektivitates aprékinos paradijas atSkiribas starp Skirném.
Visaugstakais bruto segums, raZas pasteidzina$ana izmantojot agrotiklu, iegiits,
audzgjot agrino skirni ‘Honeoye’ uz dobém ar melnas pléves mulcu.

AudzgSana bez virssegumu izmantoSanas visam trijam vertétajam Skirném
ekonomiski atmaksajas tikai tad, ja mulc€Sana bija izmantota melna pléve, kas deva
butisku razas pieaugumu.

Izvertgjot visus audz@Sanas panemienus agras ogu razas ieguiSanai,
visaugstaka ekonomiska efektivitate ir variantam, kura Skirne ‘Zefyr’ audz€ta uz
dob&m ar melnas pléves mulcu un pavasarl razas steidzinasanai dobes parklatas ar
pléves segumu, veidojot zemos tunelus.

Aukstuma glabatie stadi. Veicot ekonomiskos aprékinus izmégindjumiem,
kur stadiSana izmantoti aukstuma glabatie stadi (A un A+ kategorija), kas staditi
dazados terminos — maija sakuma, jiinija sakuma vai jiinija vidi — neviena audzeé$anas
varianta bruto segums nebija pozitivs, ja stadijumu ieriko tikai uz vienu gadu un
vidgja ogu pardoSanas cena ir 2.85 € kg’ (2.00 Ls kg™'). Izmantojot lielaku stadiSanas
biezibu, lai gan paaugstinajas raZa no platibas vienibas, tomér bruto segums veidojas
negativaks neka retdkam stadjjumam, jo bija augstakas stadama materiala izmaksas.
Japem vera, ka aukstuma glabato stadu cenas ir augstakas neka tradicionalajiem,
svaigi raktajiem stadiem, tas arT pazemina to ekonomisko efektivitati, sadardzinot
stadfjuma ierikoSanas izmaksas. Pozitlvs bruto segums netika iegiits, arT audzgjot
aukstuma glabatos stadus divus gadus, jo izmé&gindgjumos izmantotajai Skirnei
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‘Elsanta’ raksturiga zema ziemcietiba miisu apstaklos, tap&c otraja gada tas raza bija
zema.

Ienakumus, audz€jot aukstuma glabatos stadus, var paaugstinat, ja stadiSanai
izmanto lielakus — augstakas kategorijas stadus, kas stadiSanas gada dod lielaku razu.
Stadijumi var atmaksaties arT tad, ja tos izmanto razas vakSanai vairakus gadus, tikai
tad audzEsana jaizvelas Skirnes ar labu ziemcietibu. Augstakus ienakumus otraja
audzeéSanas gada varétu ieglt arl, ja otraja audzeSanas gada stadijumu izmantotu razas
steidzinasSanai un agras ogas varétu pardot par augstaku cenu.

Remontantas zemenes. Izveért€jot remontanto garas dienas zemenu
audzeéSanas izmaksas un ienakumus, ieglits pozitivs bruto segums (11. tabula). Kopa
tris audz€Sanas gados visaugstakais bruto segums ieglits no Skirnes ‘Krimskaja
Remontantnaja’, audz&jot to bez pirmo ziedneSu izkniebSanas. Skirnei ‘Krimskaja
Remontantnaja’ audz&$ana ekonomiski atmaksajas jau pirmaja, bet Skirnei ‘Rapella’ —
otraja raZoSanas gada.

11. tabula/ Table 11
Zemenu audzéesanas izmaksas un bruto segums remontantajam garas dienas tipa
zemeném (kopa tris audzéSanas gados) un neitralas dienas tipa zemeném (kopa
divos gados), izmantojot audzéSanu ar un bez ziednesSu izkniebSanas/
Growing expenses and gross profit for everbearing long-day strawberry (in total of
three growing years) and day-neutral strawberry (in total of two years) using
inflorescences removal and without removal

Skirne/ Variants/ | Kopgjas | Brutoraza/ | Razas vertiba/ Bruto
Cultivar Treatment | izmaksas/ | Marketable Yield value, ien€mumi/

Total vield, €ha' Gross

expenses, kg ha™! profit,

€ ha! €ha!

Garas dienas Skirnes/ Long-day cultivars
Rapella B1* 15229 5153 18643 3414
B2 15382 4279 16192 811
Krimskaja Bl 21043 17730 62891 41848
Remontantnaja | B2 18166 10315 40319 22152
Neitralas dienas $kirnes/ Day-neutral cultivars

Selva B1* 15319 6686 25274 9956
B2 14784 4937 18895 4110
Calypso Bl 16236 8681 33489 17253
B2 16745 9177 35198 18453

*B1 — ziednesi neizkniebti; B2 — ziednesi 1idz 1. jlinijam izkniebti/ BI — inflorescences are not
removed; B2 — inflorescences are removed till June 1.

Tapat pozitivs bruto segums ieglts, audz€jot neitralas dienas tipa
remontantas zemenes (11. tab.). Abam vertetajam Skirn€m audzeSana pie aprekinos
izmantotajam audzeéSanas izmaksam un ogu realizacijas cenas ekonomiski atmaksajas
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jau pirmaja audzeSanas gada. Kopa divos audzESanas gados visaugstakais bruto
segums iegilts Skirnei ‘Calypso’, audz&jot to ar pirmo ziedneSu izkniebSanu (lidz
1. jinijam) otraja gada.
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SECINAJUMI

Izmantojot audzeSanai vasaras zemenes ar dazadu ogu ienakSanas laiku,
atklata lauka razu var iegtt vid€ji 36 dienas. Vidgjais razas vaksanas periods
ir no gada 166. Iidz 202. dienai. No izvertetajam vasaras zemenu Skirném
Latvija ilgsto$akai razas ieguvei lauka apstaklos ne tikai biologiskaja
lauksaimnieciba, bet arT integrétaja audzesana ieteicamakas ir: agras skirnes —
‘Zefyr’, ‘Honeoye’ un ‘Siurprise Olimpiadi’, vidgji agras Skirnes — ‘Induka’
un ‘Polka’, vidgji vélas Skirnes — ‘Senga Sengana’ un ‘Bounty’, un véla
Skirne ‘Pandora’.

Meteorologiskajiem apstakliem — gaisa temperatfirai un nokri§piem — ir
bitiska ietekme uz zemenu raZoSanas periodu. Skirném ar daZadu ogu
ienaksanas laiku meteorologisko apstaklu ietekme ir atSkiriga. Agras Skirnes
‘Zefyr’ razoSanas sakuma laiku vairak ietekme laika apstakli visa ziemas —
pavasara sezona, bet velinakai Skirnei ‘Senga Sengana’ — laika apstakli maija.
Izmantojot zemos tunelus ar pléves segumu, raZoSanas sakumu var
pasteidzinat vid&ji par 15 dienam, bet, izmantojot agrotikla segumu — vidgji
par 8 dienam, salidzinot ar atklatu lauku. Segumu izmantoSana paaugstina
zemenu raZibu: pléves segums vidgji par 27%, bet agrotikla segums — par
29%. Tomér segumi samazina ogu vidéjo masu un stingrumu un palielina
pelekas puves infekciju.

Melnas pléves mulcas izmantoSana paaugstina zemenu raZibu vidéji par 50%,
un ogu vidgjo masu vidgji par 8.0%, bet samazina ogu stingrumu. Tas
ietekme uz razoSanas laika pasteidzinaSanu ir nebiitiska.

Izmantojot aukstuma glabatos stadus un stadot tos dazados terminos, var
butiski pagarinat zemenu raZoSanas sezonu stadiSanas gada. Aukstuma
glabato stadu raZzoSana atklata lauka sakas vid&ji 49 dienas p&c stadiSanas.

Lai iegiitu lielaku raZzu no platibas vienibas stadiSanas gada, aukstuma
glabatos stadus var audzet, izmantojot lielaku stadijuma biezibu — 50 000 (A
un A+ kategorijas stadiem) un 66 000 augi ha” (A kategorijas stadiem), kas
biitiski nepazemina ogu kvalitati.

Remontanto garas dienas un neitralas dienas zemenu $kirnu raZoSanas gaita
Latvijas klimatiskajos apstaklos ir lidziga, un tas var izmantot zemenu
razoSanas sezonas pagarinasanai lidz rudens salnam. No vert€tajam garas
dienas Skirn€m audz&Sanai ieteicamaka ir ‘Krimskaja Remontantnaja’, bet no
neitralas dienas Skirném — ‘Calypso’.

Ekonomiskie aprékini rada, ka pléves seguma izmantoSana, veidojot zemos
tunelus, ir ekonomiski izdeviga zemenu raZas steidzinasana. Agrotikla
seguma izmantoSanas ekonomiska efektivitate ir zemaka neka pléves seguma
izmanto$anai, un ne visos gadijumos ta atmaksajas. Ekonomiski izdeviga ir
ar1 remontanto zemenu audze&Sana.

Kombingjot $kirnes un audzesanas tehnologiskos elementus, zemenu sezonu
Latvija lauka apstaklos iesp&jams nodrosinat lidz cetriem mé&neSiem — no
maija 3. dekades lidz oktobra sakumam.
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INTRODUCTION

Strawberry is taking an important stand in the commercial horticulture in
Latvia. Customers like these berries due to their outstanding flavour and valuable
biochemical composition. Whereas for growers strawberries are profitable due to their
fast producing shortly after planting and it is possible to get back investments more
quickly than for other fruit crops. Strawberries are also very environmentally plastic
crop and they can be grown in different growing systems on open field or under
covers.

Strawberry production season on open field traditionally in Latvia have been
short, in average one month. It is important to extend strawberry production season for
prolonged supply of customers with fresh and vitamin rich local fruits. Higher price
and lower competition in the market in out-of-season period ensure the higher income
also for growers. Different growing systems for obtaining a strawberry yield almost
all year round are developed in many countries. In Latvia climatic conditions,
strawberry growing in greenhouses during winter period is unprofitable due to high
expenses. The more attention should be pointed for extending of production season
towards spring — autumn period when growing expenses are lower in comparison to
winter.

The correct choice of cultivars has significant importance for obtaining of
high and qualitative yield in extended production period. Many new summer-fruiting
(short-day) strawberry cultivars with different ripening time are bred every year in the
world. Not all of them are appropriate for growing in Latvia climatic conditions
characterized by cold winters with strong black frosts and thaws and rather short
period of vegetation.

The strawberry ripening time, yield and quality are subjected to influence of
many factors including used soil and/or plant covers. It is extensively investigated
worldwide. However obtained results are often contradictious and there is still a lack
of experience in Latvia. The extending of strawberry production season using cold
stored plants and everbearing cultivars is widely used in many countries, but also
these technologies are weakly investigated in Latvia.

The hypothesis of the research

The strawberry production season under field conditions in Latvia using
different methods of growing technology and appropriate cultivars can be prolonged
until four months.

The aim of the research is to evaluate the influence of cultivars,
meteorological conditions and some methods of growing technology on strawberry
production season, yield and yield quality under open field conditions in Latvia.

The tasks of the research
1. To evaluate the phenological and yield parameters of summer-fruiting

(short-day) strawberry cultivars and to select the most appropriate cultivars

for obtaining of high quality yield and extending of production season under

open field conditions.
2. To evaluate the influence of meteorological factors on strawberry production
season.
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To determine the influence of plant covers and black plastic mulch on
strawberry phenological and yield parameters.

To evaluate the effect of using cold stored strawberry plants for extending of
production season under open field conditions.

To evaluate the phenological and agronomical properties of everbearer
strawberry and effectiveness for extending of production season.

To give an economical evaluation of different methods for extending of
strawberry production season under field conditions.

The scientific novelty of the research: there is for the first time evaluated

complex of different methods of growing technology and cultivars for obtaining of
good quality strawberry yield for a prolonged season in Latvia conditions.

Research results are published in 12 scientific papers in Latvian, English or

Russian. Six of publications are included in SCOPUS database. The results are
presented in 13 scientific conferences, containing 4 oral presentations.
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MATERIALS AND METHODS

The research was performed at the Piire Horticultural Research Station (Piire
HRS) and Piire Horticultural Research Centre (Pire HRC), Tukums region.
Geographical coordinates: 57°02° N and 22°52° E, 50 m above sea level. Field
experiments were performed in the period from 1996 to 2010. Several independent
experiments were carried out according to research tasks.

Evaluation of summer-fruiting (short-day) strawberry cultivars. To
evaluate the suitability of cultivars for organic growing, the experiment was
established in the organic certified field at Pire HRS where strawberries were grown
according to regulations for organic farming. Strawberries were planted in September
of 2005, in single rows with 1.00 x 0.30 m distance. Later 0.2 m wide matted rows
were developed. Plants were grown without soil mulching, with overhead irrigation.
16 strawberry cultivars were evaluated: ‘Bogota’, ‘Bounty’, ‘Dukat’, ‘Feierverk’,
‘Honeoye’, ‘Induka’, ‘Jonsok’, ‘Rubinovii Kulon’ (Rubinovij Kulon), ‘Pandora’,
‘Polka’, ‘Senga Sengana’, ‘Symphony’, ‘Siurprise Olimpiadi’ (Sjurpriz Olimpiadi),
‘Tenira’, ‘Venta’, ‘Zefyr’ (Zefirs). Plots were arranged randomly in four replications
with 30 plants per plot. The evaluation was done from 2006 to 2008. Phenological
development of plants was recorded and index of earliness calculated. Winter damage,
yield and quality were evaluated. The sensoral evaluation of fresh and frozen fruits
was done.

Influence of meteorological factors on summer-fruiting strawberry
production period. The data about strawberry production season at Pire HRS
strawberry fields in period from 1990 to 2008 were analysed. In all strawberry fields,
similar growing technology was applied. Two in Latvia widely grown strawberry
cultivars: ‘Zefyr’ (early season) and ‘Senga Sengana’ (medium-late season) were used
in the investigation. Meteorological data were collected at the local meteorological
station that is located in the centre of village Piire. From 1990 to 2005 meteorological
data were registered manually. Starting from 2006 the registration of meteorological
data was performed by automatic meteorological station “Luft”. Following
meteorological data were used for data analysis: average, maximal and minimal air
temperature (°C), sum of effective (>5 °C) and active (>10 °C) temperatures, number
of days with temperature >5 °C and >10 °C, amount of precipitation (mm).

Evaluation the influence of plant covers and black plastic soil mulch. The
trial was established in autumn of 2007. Strawberries were planted on 0.6 wide two
row beds. The distance between plants in rows was 0.4 m. The distance between rows
on beds was 0.3 m and 1.5 m between bed centres. Drip irrigation and fertigation was
applied in the trial.

Split plot design with three factors was used in the trial: 1) mulch — with
black plastic mulch and without mulching; 2) plant covers — with transparent
polyethylene film (120 um) cover, agronet (Pegas agro, 17 g m™) cover or without
plant cover, as control; 3) cultivars — three cultivars ‘Zefyr’ and ‘Honeoye’ (with early
ripening time), and ‘Polka’ (with medium early ripening time) were evaluated. The
size of smallest plots was 10 m”. Plots were arranged in four replications.
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Black plastic mulch was covered before the establishment of planting, during
preparing of beds. Plant covers were applied in April 9 and 10 in 2008 and in April 8
in 2009 and 2010. Plant covers were spread on plastic arches, creating 0.5 m high
tunnels. Covers were removed at the beginning of fruit harvesting. During flowering
period and in hot days (t>25 °C) the covers were opened in the morning and closed in
the evening.

The investigation was carried out from 2008 to 2010. Plant phenological
development, yield and fruit quality were evaluated for all three seasons. In 2008 and
2009, plant vegetative development was evaluated by counting amount of crowns and
leaves for 10 plants per plot (for each plant separately). The biochemical analysis of
fruits and fruit firmness evaluation was performed (in details see ,Methods of
laboratory analysis™). The soil temperature in 0.07 m depth and on soil and mulch
surface was measured during covers were applied.

Evaluation of cold stored plants. Three trials in different periods were
established for evaluation the possibility to use cold stored plants for extending the
production season for strawberries under open field conditions.

Trial 1 was established in June 2, 1997. Cold stored plants from Scotland, A+
grade with crown diameter 15 — 18 mm, cultivar ‘Elsanta’ were used in the trial.
Plants were planted with two densities: 50 000 plants ha™ and 33 000 plants ha™. Plots
were arranged randomly in four replicates. The plot size was 5 m’.

Trial 2 was established in June 13, 1998. Cold stored plants from Scotland, A
grade with average crown diameter 13 mm, cultivar ‘Elsanta’ were used in the trial.
Plants, like in the Trial 1, were planted in two densities: 50 000 plants ha! and
33 000 plants ha™. Plots were arranged systematically in four replicates. The plot size
was 10 m”.

Trial 3 was established in May 9, 2008. Cold stored plants from Netherlands,
A grade with average crown diameter 10.2 mm and fresh dug plants from Pare HRS
with average crown diameter 10.6 mm, cultivar ‘Elsanta’ were used in the trial. Cold
stored plants were planted with two densities: 50000 plants ha' and
33000 plants ha'. Fresh dug plants were planted only with density 33 000
plants ha™'. Plots were arranged randomly in four replicates. The plot size was 6 m”.

In all trials, the evaluation was performed for two seasons. Phenological
development was recorded and index of earliness calculated. Plant yield and fruit
quality were evaluated.

Evaluation of everbearing strawberry. Two trials were established for
evaluation the possibility to use everbearing strawberries for extending of production
season in open field conditions.

Trial 1 was established in May 19, 1998. Two long-day type everbearing
cultivars ‘Rapella’ and ‘Krimskaja Remontantnaja’ were evaluated. Plants planted in
single rows in 1.00 m distance, with planting distance in row 0.30 m. The plot size
was 9 m’. Plots were located systematically in three replications. In the second and
third production seasons, plots were split in two parts (each 4.5 m®). In one part
inflorescences were removed till June 1, to evaluate the influence of inflorescence
removal on production time and yield quality of strawberry. In other part all
inflorescences remained untouched.
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Trial 2 was established in spring of 1999. Two day-neutral type everbearing
cultivars ‘Selva’ and ‘Calypso’ were evaluated. Plots were arranged in four
replications. Planting distance and trial design was similar to Trial 1.

In Trial 1, the evaluation was performed for three seasons, but in Trial 2 — for
two seasons because plants suffered during winter and in the third vegetation season
the most plants did not survive.

Evaluation methods in field

Plant phenological development was evaluated by recording the date of
beginning and maximum of flowering, beginning and end of fruit ripening.

Index of earliness was calculated taking into account the production pattern
using formula 1.

Winter damage was evaluated in spring, after the beginning of vegetation.
Plants were scored visually from 1 to 9, where 1 — no damage observed, 9 — all plants
are dead. Everbearing cultivars were scored from 1 to 5, where 1 — no damage
observed, 5 — all plants are dead.

Yield and yield quality was evaluated by weighting total yield, marketable
yield, and separately class E, T and II, rotted and other unmarketable fruits (g m™ and
calculated in % from total yield). Fruits were graded according to Regulation of ECC
No. 899/87 (for trials established before 2002) and EC Regulation No. 843/2002 (for
trials established after 2002).

Average fruit weight was determined by weighing no more than 50 fruits of
class E and I at each picking time.

Fresh fruit quality was evaluated sensory by scoring fruit attractiveness,
flavour and firmness. For summer-fruiting strawberry cultivars the 1 — 9 scores scale
was used where 9 — the highest positive evaluation and 1 — the lowest. For everbearing
cultivars 1 — 5 scores scale was used, where 5 — the highest positive score and 1 — the
lowest.

Frozen fruit quality after thawing was evaluated sensory by scoring fruit
attractiveness, flavour and consistency. Fruits were scored from 1 to 9 where 9 — the
highest positive evaluation and 1 — the lowest.

Methods of laboratory investigations. The soil analysis for all trials before
establishment was performed. Soil samples were analysed in the Centre of
Agrochemical Investigations (VZRU ,,RaZiba”) according to approved methodology
ublic.

Fruit biochemical analysis and firmness evaluation were performed in the
black plastic mulch and plant covers evaluation trial. Analysis were performed at the
Biochemical Laboratory of Latvia State Institute of Fruit-Growing (LSIFG) and
laboratory of Piire HRC.

At the laboratory of LSIFG the following chemical fruit compounds were
determined: the content of ascorbic acid, by the iodine method; the titratable acidity,
by titrating with 0.1 N NaOH (ISO 750:1998); the amount of soluble solids, by hand
refractometer (ISO 2173: 2003), the total content of phenolics, by the
spectrophotometric Folin-Ciocalteau method using a spectrometer UV-1650-PC at
wave length 765 nm; the total content of anthocyanins, by the conventional method
using a spectrometer UV-1650-PC at wave length 535 nm; the antiradical activity, by
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2.2- diphenyl-1-picrylhydrazyl (DPPH) method and radical scavenging activity (RSA)
in % was calculated. The evaluation was done in years 2008 and 2009. Fruit samples
(1 kg from every treatment) were collected once per season in the time of maximum
fruiting. Each measurement was done in 12 replications.

The amount of soluble solids (Brix°®), by hand refractometer, and fruit
firmness (g), using Wagner fruit penetrometer (size of cap 6 mm @) pressing it till 8
mm depth were determined for three production seasons at the laboratory of Piire
HRC. The testing was performed three times per season: at the beginning, maximum
and end of fruit harvesting.

Statistical analyse of data. Microsoft Excel 2003 and STATISTICA™
software were used for data analysis. One factor and multifactorial analysis of
variance, cluster analysis, correlation and regression analysis and descriptive statistics
were applied according to generally accepted methodology. The significant
differences between means were determined at p= 0.05, by Duncan’s multiple range
test and least significant difference. The effect size of different factors was evaluated
and 1* % calculated.

Meteorological conditions. The highest sum of active temperatures (SAT)
and sum of effective temperatures (SET) in vegetation period during the years of
investigations were observed in 1999, but the lowest — in 2008. The highest SAT and
SET from the beginning of year till July 1 were observed in 2000. The lowest SAT
from the beginning of year till July 1 was registered in 1999, but the lowest SET — in
2008. The highest amount of precipitation during vegetation period was in 1998.
Whereas seasons of 1999, 2000, 2006 and 2008 were the most dray. The highest
amount of precipitation from the beginning of year till July 1 was registered in 1998,
but the lowest — in 2006. Winters of 1999, 2006 and 2007 were the most unfavourable
for strawberry due to strong black frosts. Very low temperature was observed in
winter of 2010 when it dropped down to -33.6 °C, but strawberry was covered by deep
snow which protected strawberry plants from damage.
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RESEARCH RESULTS AND ANALYSIS

Evaluation of summer-fruiting strawberry cultivars

Phenological development of summer-fruiting strawberry cultivars.
Significant difference (p<0.001) between cultivars according to time of flowering,
fruit ripening and index of earliness was stated (Table 1). The difference in course of
phenology between investigation years also was observed, because years differed in
meteorological conditions. The beginning of fruit harvesting significantly (p<0.01)
positively correlated with time of beginning of flowering (ry,=0.77). According to
observations in the trial, fruit ripening began in average 29 days after beginning of
flowering. Similar data are referred also by others.

Clustering generated from fruit ripening time and index of earliness divided
cultivars in four groups: cultivars of early season — ‘Zefyr’, ‘Rubinovii Kulon’,
‘Honeoye’, ‘Venta’, ‘Siurprise Olimpiadi’, ‘Jonsok’; cultivars of medium-early
season — ‘Induka’, ‘Polka’, ‘Dukat’; cultivars of medium-late season — ‘Tenira’,
‘Feierverk’, ‘Senga Sengana’, ‘Bounty’, ‘Symphony’; cultivars of late season —
‘Bogota’, ‘Pandora’.

In average of three investigation years, for early season cultivars the fruit
production season lasted from day 167 to 193. For medium-early season cultivars the
fruit harvesting started one day later than for early cultivars, however, the production
period was three days longer than for early cultivars. For medium-late season cultivars
fruit harvesting started and ended in average four days later than for early cultivars.
Whereas for late season cultivars fruit production season started 11 days later than for
early cultivars and production season lasted till day 201, it is 8 days longer than using
early cultivars. Altogether, using cultivars with different fruit ripening time it was
possible to ensure the production period for 21 day in the first growing year, 36 days
in the second production year and 49 days in the third production year. The length of
production period increased with the age of plantation and significantly (p<0.01)
positively correlated with obtained yield (r,,=0.88). In average of three production
years, the length of production season was 36 days, it lasts from day of the year 166 to
202 or from the middle of June till the end of the second decade of July which is
rather short period.

Winter damage, yield and fruit quality. It is important to take in
consideration not only the ripening time, but also cultivar productivity, fruit quality
and resistance to diseases, pests and unfavourable environment conditions in choosing
the cultivars for production. Winter hardiness is especially important trait in Latvia
climate. In trial, the highest winter hardiness in average was observed for ‘Zefyr’ and
‘Rubinovii Kulon’ among early season cultivars, ‘Induka’ among medium-early
season cultivars, ‘Senga Sengana’ among medium-late season cultivars and ‘Pandora’
among late season cultivars (Table 2).

Regarding to cultivar productivity, cultivars ‘Siurprise Olimpiadi’ and
‘Zefyr’ were the most productive among early season cultivars, ‘Polka’ among
medium-early season cultivars, ‘Senga Sengana’ and ‘Bounty’ among medium-late
season cultivars and ‘Pandora’ among late season cultivars.
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Among the early season cultivars, ‘Venta’ had the highest average fruit
weight and the tastiest fruits, however fruits were soft and not suitable for long
transportation. ‘Induka’ had the highest average fruit weight among the medium-early
season cultivars, whereas the best fruit flavour evaluation was scored for ‘Polka’.
Among the medium-late season cultivars, ‘Symphony’ had the largest fruits, but
medium flavoured. ‘Bounty’ had the highest fruit flavour evaluation among
medium-late cultivars. Among late season cultivars, ‘Pandora’ had the largest and the
tastiest fruits.

Cultivars ‘Zefyr’, ‘Honeoye’ and ‘Siurprise Olimpiadi’ showed the best
results among early season cultivars according to results of three years evaluation for
yield and fruit quality. ‘Induka’ and ‘Polka’ were the best among medium-early
cultivars, ‘Senga Sengana’ and ‘Bounty’ among medium-late cultivars and ‘Pandora’
among late season cultivars according to yield and fruit quality.

Influence of meteorological factors on summer-fruiting strawberry ripening time

In investigation of summer-fruiting strawberry cultivars, it was observed that
strawberry ripening time depends not only from cultivar, but it is influenced also by
meteorological conditions of the year. The analysis of ripening time of two different
strawberry cultivars ‘Zefyr’ (early season) and ‘Senga Sengana’ (medium-late season)
during long time period (1990 — 2008) was performed to clarify the fluctuation of
strawberry ripening time within years and meteorological factors most influencing
ripening time.

It was found that the beginning of fruit ripening for cultivar ‘Zefyr’ was
fluctuated within years in 30 days period. The end of fruit production fluctuated
within 33 days period. For cultivar ‘Senga Sengana’ the beginning of fruit ripening
fluctuated less than for ‘Zefyr’, it was fluctuated within 25 day period and the end of
fruit production fluctuated within 33 days that was similar to ‘Zefyr’. The tendency to
earlier ripening season within years was observed for both tested cultivars, most
probably it is influenced by global climate changes.

Significant correlation between time of beginning of fruit ripening and active
and effective temperature sums was stated only for cultivar ‘Zefyr’ (respectively
correlation with effective temperature sum ry,=0.57, p<0.01 and with active
temperature sum r,,=0.54, p<0.01).

The temperature in spring and beginning of summer had the highest
influence on strawberry ripening time. Average air temperature in February and May,
minimal temperature in June, maximal temperature in February, March, May and June
had statistically significant influence (p<0.05) on time of beginning of fruit ripening
for both cultivars evaluated, where negative correlation with the day of first harvest
was stated (Table 3). Number of days with temperature above 10 °C and amount of
precipitation from the beginning of year until the fruit ripening time and amount of
precipitation in May also had significant impact on the beginning of fruit ripening for
both cultivars. The amount of precipitation in May and from the beginning of year
until fruit ripening significantly (p<0.05) positive correlated with the time of fruit
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ripening. It means that more precipitation shift production time later. Probably it is
connected with cloudy weather and following lower photosynthetic active radiance in
rainy days.

Number of days with temperature above 10 °C from the beginning of year
until fruit ripening had the highest influence on fruit ripening time for early cultivar
‘Zefyr’. Whereas the sum of precipitation in May had the highest influence on fruit
ripening time for medium-late cultivar ‘Senga Sengana’.

Multiple linear regression models with step-by-step including of factors were
performed for prognosis of strawberry ripening time. Statistically reliable model
(p=0.000; R*=0.70) for cultivar ‘Senga Sengana’ was developed including factors:
average minimal temperature over decades on soil surface in May, sum of
precipitations in May and number of days with temperature above 5 °C in May with
following regression equation:

YSS: 10387 - 2-33Tav4 abovegr. min V + 019NV + 257Dv, (2)
where:  Ygs— time of beginning of fruit ripening for cultivar
‘Senga Sengana’, day of the year;
Ty abovegr. minv—  average minimal temperature over decades on
soil surface in May, °C;
Ny - sum of precipitation in May, mm;
Dy - number of days with temperature above 5 °C in
May.

Statistically reliable model (p=0.019; R?=0.77) for cultivar ‘Zefyr’ was
possible to develop with more factors included in the model than for ‘Senga Sengana’:
average, maximal and minimal temperature in February; maximal air temperature and
minimal temperature on soil surface in March; average and maximal air temperature
and sum of precipitation in May.

Regression modelling results indicate that the beginning of fruit ripening of
early cultivar ‘Zefyr’ under open field conditions have been influenced by more
factors than later ripening cultivar ‘Senga Sengana’. Moreover the beginning of fruit
ripening for early cultivar was more influenced by weather conditions in all winter —
spring period, but for later cultivar it was more influenced by weather conditions in
May. For obtaining of earlier yield, higher air temperature in spring must be ensured.
It can be achieved by using different plant covers.

Forcing of strawberry production season using different plant covers and black
plastic soil mulch

Influence of plant covers and soil mulch on strawberry flowering and
fruit ripening time. Low tunnels with polyethylene film or agronet covers, and black
plastic soil mulch were used in the trial for forcing of strawberry season. The
influence of factors: plant cover, mulch, cultivar and year (meteorological conditions),
and factor interactions on strawberry flowering and ripening time were evaluated.
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Plant covers had the highest influence on strawberry flowering and ripening
time between tested factors. The plant cover effect size (n?) was 72% for beginning of
flowering and 77% for beginning of production. In average of three testing years,
plastic film cover forced the beginning of flowering for 13 days and beginning of fruit
ripening for 15 days earlier compare to uncovered plants. Agronet cover forced the
beginning of flowering for 7 days and beginning of fruit ripening for 8 days earlier
(Table 4).

Black plastic mulch as a factor had very low impact on strawberry flowering
and fruit ripening time. n* for time of beginning of flowering was 0.1% and for
beginning of fruit ripening it was 0.02%. Statistically significant influence of black
plastic mulch on strawberry flowering and ripening time was not stated. Whereas the
significant influence of factor interactions: year and mulch (p<0.01) and plant cover
and mulch (p<0.01), on fruit ripening time were observed. Plants grown on beds with
black plastic mulch, without plant covering started to ripen fruits one day earlier than
plants grown without soil mulching and plant covering. Whereas plants grown with
polyethylene film cover and using black plastic mulch started to ripen fruits one day
later than plants grown without mulching and polyethylene film cover.

Statistically significant interaction within all main factors evaluated: mulch,
cover and cultivar, regarding to flowering and fruit ripening time was not stated.

The earliest yield was harvested in treatments where cultivars ‘Zefyr’ and
‘Honeoye’ were grown on beds with or without mulch and with plant covering in
spring by polyethylene film cover. The fruit ripening started at the end of May in
these treatments.

Influence of plant covering and soil mulching on strawberry yield. The
influence of plant covering on strawberry productivity was low but statistically
significant (nzml yiea= 0.6%; nzmarkemble yiela= 1.4%; p<0.001) and differed between
years. Both evaluated covers agronet and polyethylene film, significantly increased
strawberry total marketable yield of three growing years (p=0.001). The using of
polyethylene film cover increased marketable yield for 27%, but the using of agronet
cover — for 29% compare to uncovered plants. The harvested yield did not differ
significantly, within treatments with applying of polyethylene film or agronet cover.

Both evaluated plant covers improved yield quality. In these treatments
significantly higher percentage of class E and I fruits (p=0.000) and less unmarketable
fruits (p=0.000) were observed in comparison to treatments without plant covering.
The highest amount of class E fruits, that usually have higher price, were harvested in
treatments with applying of agronet cover, in average 138 g m™ or for 23% more than
in treatments without plant covering. Both covers were significantly (p=0.000)
increased infection by grey mold (Botrytis cinerea Pers.). However in total, the
amount of rotted fruits was low in the trial. In the treatments with applying of
polyethylene film cover, the percentage of rotted fruits was increased for 1.5%, but in
the treatments with applying of agronet for 1.9% compare to growing without cover.

Black plastic mulch had higher impact on strawberry yield than plant covers
(nzwtal yield= 3.7%; nzmarkemble yield= 3.9%; p<0.001). In total of three testing years, black
plastic soil mulch treatment increased the total yield for 50% and marketable yield for
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46% compare to growing without mulch. Black plastic soil mulch increased the yield
for plants grown with plant covers and without covers for all three cultivars.

As the aim of the research was to force the strawberry production season, it
was important to obtain as much as possible higher early yield. In the third decade of
May, when the first fruits ripened, the highest yield was harvested for cultivar ‘Zefyr’
in the treatment with polyethylene film cover and without soil mulching (Figure 1). In
the first decade of June and in both decades together (the third decade of May and the
first decade of June), the highest yield was harvested for cultivar ‘Zefyr’ in the
treatment with polyethylene film cover and black plastic soil mulch. This growing
variant is the most recommendable for obtaining of early yield.

Obtained results indicate that for ensuring even course of production in early
season, both covers should be used in the plantation — polyethylene film and agronet.
The earliest yield can be obtained using polyethylene film cover and then following
yield harvested under agronet cover.

Influence of plant covers and mulching on fruit quality. Plant covers had
significant influence on average fruit weight (p<0.000). Both of tested plant covers
reduced average fruit weight, especially polyethylene film cover. In average of three
evaluation years, the average fruit weight was 10.6 g in the treatment without plant
covering, 10.2 g in the treatment with agronet cover and 8.4 g in the treatment with
polyethylene film cover. The using of black plastic mulch significantly (p<0.01)
increased average fruit weight, for 0.8 g or 8.0% compare to growing without
mulching.

Strong influence of cultivar on the average fruit weight was stated (n* =29%;
p=0.000). Cultivar ‘Honeoye’ had the highest average fruit weight among tested
cultivars (10.1 g). Whereas cultivar ‘Polka’ had the smallest fruits (9.3 g). The most
significant factor interactions regarding the influence on average fruit weight were
found between plant cover and cultivar (n2 =3.9%; p=0.000), and mulch and cultivar
(n*=1.3%; p=0.000). The highest average fruit weight was registered for cultivar
‘Honeoye’ grown on beds with black plastic mulch and without plant covering
(11.8 2).

Covers significantly influenced also fruit firmness that is very important for
fruit transportation and storage. The softest fruits were obtained in treatments with
polyethylene film cover in spring, where the highest temperature under cover was
observed. Also agronet cover increased temperature and negatively influenced fruit
firmness. Fruit firmness had medium strong negative correlation with air temperature
under cover (ry= -0.75). The significant influence of black plastic mulch on fruit
firmness was found only in one year, in 2008 (p=0.0004), when fruits on black plastic
mulch were softer than that grown without mulching.

Biochemical properties are very important for evaluation of fruit quality. The
content of biochemical compounds significantly varied among strawberry cultivars,
treatments and years of the evaluation.

Cultivar had the greatest influence on the content of ascorbic acid, total
phenolics and RSA of all studied factors (Table 5). The content of anthocyanins was
mainly influenced by plants covering. Both tested covers significantly reduced the
content of anthocyanins in fruits. The annual meteorological conditions had the
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highest impact on the content of titratable acidity and soluble solids. Soil mulching
had the least influence on the fruit biochemical content.

As fruit samples were collected in different dates, because fruit ripening time
differed between treatments, the biochemical content was influenced also by
meteorological conditions before collection of samples. Significant positive
correlations between average air temperature in the decade before samples collection
and content of total phenolics (ry,=0.36; p<0.05) and RSA (r,,=0.37; p<0.05) were
found. Moreover, the significant negative correlations between sum of precipitation in
the decade before fruit sampling and content of total phenolics were found:
(ryx =-0.38; p<0.05) and RSA (r,, =-0.43; p<0.05).

In average of two testing years, the content of titratable acidity varied from
0.81 to 1.14%, content of soluble solids — from 8.9 to 11.3 °Brix, content of vitamin
C- from 49.1 to 88.4 mg 100 g', content of anthocyanins — from 13.7 to
25.9 mg 100 g, content of total phenolics — from 164 to 257 mg 100 g and RSA —
from 65.1 to 86.2%.

Evaluation of cold stored strawberry plants for late yield under open field
conditions

Cold stored strawberry plants are widely used in many countries. In Latvia,
the research and experience on growing cold stored strawberry plants is very little. In
doctoral thesis the research results of three trials with cold stored plants are
summarized. Different plant grades and planting densities have been evaluated.

Phenological development of cold stored plants depending on planting
time. Obtained results indicate that, it is possible to extend strawberry harvesting
season in the planting year by planting of cold stored plants in different terms. The
extension of fruit production season depends on planting time of cold stored plants
and meteorological conditions.

In trial 1, when cold stored plants were planted on June 2, the flowering
began in the middle of June, 17 days after planting (Table 6). Fruit ripening began in
the middle of July, 42 days after planting. Fruit production ended at the second part of
August. At the same growing season for conventionally grown strawberry in the
production plantations of Piire HRS, the harvesting was finished at the end of July.

In trial 2, when cold stored plants were planted on June 13, the flowering
began at the beginning of July, 19 days after planting. Fruits started to ripen in the
beginning of August, it is 49 days after planting. Fruit production ended in the middle
of September and significant extension of production season was achieved.

In trial 3, when cold stored plants were planted on May 9, the beginning of
flowering was registered at the beginning of June, it is in average 23 days after
planting. Fruit ripening for cold stored plants began in the beginning of July. It is 55
days after planting and 14 later than for fresh dug plants. Fruit production of cold
stored plants ended in the first decade of August. It is 29 later than for fresh dug
plants.
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Three trial results allow us to conclude that the average beginning of fruit
ripening of cold stored plants took place 49 days after planting. It differs from referred
in literature where 60 days after planting are mentioned as beginning of fruit ripening
of cold stored plants.

In the second growing year, flowering and production seasons of cold stored
plants did not differ from conventionally grown plants of the same cultivar.

Different planting densities 33 000, 50000 and 66000 plants ha
significantly did not influence the flowering and production time of cold stored plants
in the first growing year. The fruit harvesting period was for 6 days longer at planting
density 66 000 plants ha™', than at planting density 33 000 plants ha'. The strawberry
season was prolonged for almost one week by increased planting density.

Evaluation of yield and yield quality of cold stored plants. The yield of
cold stored plants differed among three trials because different grade plants were used.
The highest yield was obtained in trial 1 where higher grade plants (A+) with larger
crown diameter (in average 15 — 18 mm) were planted (Table 7). The lowest yield was
harvested in the trial 3 where A grade plants with the smallest average crown diameter
(10 mm) were planted. The correlation analysis indicated that the yield of cold stored
plants of cultivar ‘Elsanta’ strongly positive correlated with plant crown diameter
(ryx=0.80). It agrees with data found in literature. In the second growing year the
crown diameter of planting material did not have influence on the yield anymore
(p<0.05).

Differences among trials were stated not only for productivity of cold-stored
plants but also for yield quality. The fruit quality was influenced by size of planting
material and meteorological conditions. In 1997, when trial 1 was established, the
summer was hot and dry. It reduced fruit size and the amount of fruits of class E and 1.
Whereas in 1998, when trial 2 was established the summer was cooler, and with
optimal amount of precipitation. Fruits in this trial were bigger. The summer of 2008,
when trial 3 was established, was the coolest from three years of investigation. It
negatively influenced fruit quality - more unmarketable fruits were harvested and the
average fruit weight was lower than in other trials. The fruit size was smaller also
because planting material in this trial was weaker than in other trials.

Comparing planting densities of 33000 and 50 000 plants ha”, in the
planting year, for 43 — 56% higher marketable yield per ha was obtained in denser
planting. However the statistically significant (p<0.05) increase of yield was observed
only in trial 1, where higher grade planting material was used (Table 7). In the second
production season, the significantly higher yield per ha (p<0.05) was obtained at
denser planting in both trials. The yield per plant did not differ statistically
significantly between planting densities in both seasons. Increased planting density
(50 000 plants ha™) significantly did not influence yield quality and fruit size in both
trials and both production seasons.

Comparing planting densities of 33000 and 66000 plantsha”, the
significantly higher (p<0.05) marketable yield per ha was obtained in denser planting
(in the first season for 107% higher and in the second season for 28% higher than in
less dense planting). However in the second season, at the denser planting the weaker
plant development and significant decrease of yield per plant (p=0.027) were
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observed. Increased planting density (66 000 plants ha™') significantly did not reduce
yield quality and fruit size in both production seasons.

Evaluation of everbearing strawberry cultivars for extending of production
season

Evaluation of long-day everbearing strawberry cultivars. It was possible
to extend strawberry harvesting season till autumn frosts by using long-day
everbearing strawberry cultivars. In the planting year the production season began at
the beginning of August and lasted until October 2, when flowers and fruits were
damaged by first frosts. The course of production was characterized by increase of
production in the autumn period (Figure 2).

In the second and third production seasons the fruit ripening for both tested
long-day cultivars started in the second decade of June, at the same time as for
summer-fruiting (short-day) cultivars. In the second season the fruit harvesting lasted
till the first autumn frosts, that was in October 12. In the third season the autumn
frosts started earlier and fruit harvesting was possible only till the middle of
September. The course of production in the second and third production seasons was
uneven for both tested cultivars. Two production peaks: at the beginning of summer,
at the same time as for summer fruiting cultivars, and at the end of summer — end of
August, September were observed.

Cultivar ‘Krimskaja Remontantnaja’ gave the highest total yield among
tested cultivars. It had also the highest yield during the autumn period (Table 8).
However the fruits of this cultivar were rather soft and susceptible to rots. By these
reasons, it is recommended to grow this cultivar for fruit selling directly in farm,
avoid long transportation, and use preventive activities against rots.

Cultivar ‘Rapella’ had low winter hardiness that decreased the yield in the
second and third production seasons. However it has firmer fruits than ‘Krimskaja
Remontantnaja’. This cultivar is recommended for growing only for one season.

The fruit size, evaluation of fruit flavour and attractiveness were similar for
both cultivars.

Evaluation of day-neutral everbearing strawberry cultivars. Research
results show that similarly to long-day cultivars the strawberry production season in
Latvia can be significantly extended also by using of day-neutral everbearing
strawberry cultivars.

In the planting year, the picking season for day-neutral cultivars began in the
first decade of July (Figure 3). The last fruits for both evaluated cultivars were
harvested in October 12, when the first autumn frost was observed. In the second
production season, the fruit harvesting began in the second decade of June and ended
in September 15, when autumn frosts started. In the third season, plants were strongly
suffering during winter and the evaluation was terminated in the trial.

The course of production of day-neutral strawberry cultivars in the first
growing year was similar to long-day strawberry cultivars, with increase of production
rate in autumn (Figure 3). In the second production season, the course of production
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characterized by two production peaks that also was similar to long-day cultivars. The
production peaks were observed in June (at the same time as for summer fruiting
cultivars) and at the end of August, beginning of September. The summer yield was
higher than autumn yield. In July there was observed decrease of yield, plants had only
few flowers and fruits. It was similar also to long-day cultivars.

‘Calypso’ gave the highest yield among tested day-neutral cultivars.
However ‘Selva’ had higher percentage of large fruits and less unmarketable fruits, as
well as higher average fruit weight and firmer fruits, but fruit flavour evaluation was
lower. In total, ‘Calypso’ was stated as more preferable for extending of strawberry
production season in Latvia conditions than ‘Selva’.

The yield and plant surviving rate decreased with the age of plants for both
tested cultivars. Therefore it is recommended to grow day-neutral cultivars for no
longer than two seasons.

Influence of removal of first inflorescences on everbearing strawberry
production. The removal of inflorescences till beginning of June delayed the
beginning of fruit ripening for all evaluated everbearing strawberry cultivars. However
it was not effective for long-day cultivars, because it reduced the total yield and
amount of large size fruits. The removal of first inflorescences had no significant
effect on yield and yield quality of day-neutral cultivars. There was observed a
tendency for increase of yield in August, especially for cultivar ‘Calypso’.

Economical estimation of extending of strawberry production season

The evaluation of economical aspects of different methods for extending of
strawberry production season under open field conditions was done. The simplified
calculation of expenses and income was used.

Using of plant cover and black plastic mulch. The economical estimation
shows that all treatments for forcing of yield with applying of polyethylene film cover
on low tunnels were profitable due to earlier fruit ripening and higher price (Table
10). It became cost-effective in the second growing year.

Agronet for plant cover gave lower income than polyethylene film cover. It is
caused by later fruit ripening and therefore lower price. Economical effectiveness
differed among cultivars and not in all cases it was profitable. The highest gross
income using agronet cover was obtained for cultivar ‘Honeoye’ that was grown on
beds with black plastic mulch.

Conventional growing without applying of plant covers, for all three cultivars
was economically effective only if black plastic mulch was used, because it
significantly increased the yield.

Growing variant, where cultivar ‘Zefyr’ was grown on beds with black
plastic mulch and in spring covered by polyethylene film cover, was the most
economically effective among all tested variants for yield forcing.

Cold stored plants. The economic calculation showed that none of tested
variants of different grade cold stored plants planted in different terms did not gave
positive gross income, if plants were grown for one season, and the average fruit price
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was 2.84 € kg''. The using of higher planting density did not give higher profit
compare to lower density, even the obtained yield was higher, because of the higher
expenses for planting material. The price of cold stored plants is usually higher than
for fresh dug plants that influence the economical effectiveness of cold stored plants.
The profit was not obtained also if cold stored plants were grown for two seasons. The
reason for it was low winter hardiness of cultivar ‘Elsanta’ that was used in the trials.
It suffered in winter and did not give good yield in the second season.

The growing of cold stored plants can be more profitable if higher grade
plants are used that gives higher yield in the planting year. The income can be
increased also if plants are grown for several production seasons and winter hardy
cultivars are used. Higher income in the second growing season can be obtained if
plant covering for forcing of yield is used and fruits are sold for higher price.

Everbearing strawberry. According to economic calculation results, the
growing of everbearing long-day strawberry was profitable (Table 11). In total of
three growing years, cultivar ‘Krimskaja Remontantnaja’, when grown without the
removal of first inflorescences, gave the highest profit. The growing of ‘Krimskaja
Remontantnaja’ was cost-effective already if it was grown just for one season. The
growing of cultivar ‘Rapella’ was cost-effective if it was grown for two seasons.

Similar results were observed for day-neutral everbearing cultivars. The
growing was economically effective for both of tested cultivars and the profit was
gotten already in the first growing year (Table 11). In total of two growing seasons,
cultivar ‘Calypso’, when grown with removal of first inflorescences (till June 1) in the
second growing season, gave the highest profit.
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CONCLUSIONS

The strawberry yield can be obtained in average for 36 days period under
open field conditions if summer-fruiting strawberry cultivars with different
fruit ripening time are grown. In average, the fruit harvest period lasts from
day 166 to 202. The recommended summer fruiting cultivars for extending
the strawberry production season under open field conditions not only for
organic farming, but also for integrated growing in Latvia are ‘Zefyr’,
‘Honeoye’ and ‘Siurprise Olimpiadi’ from early season cultivars; ‘Induka’
and ‘Polka’ from medium-early season cultivars, ‘Senga Sengana’ and
‘Bounty’ from medium-late season cultivars and ‘Pandora’ from late season
cultivars.

Meteorological factors: air temperature and precipitation, significantly affect
strawberry ripening time. The strawberry ripening time for early season
cultivar ‘Zefyr’ is significantly influenced by meteorological conditions
during whole winter — spring period, whereas the ripening time of later
cultivar ‘Senga Sengana’ is more influenced by meteorological conditions
during May.

Strawberry ripening time can be forced in average for 15 days by using low
tunnels with polyethylene film cover and for 8 days by using agronet cover.
Strawberry yield is increasing for 27% by using polyethylene film cover and
for 29% by using agronet cover. However covers reduce average fruit weight
and firmness and increase grey mould infection.

The using of black plastic soil mulch increases strawberry yield in average
for 50%, and fruit weight in average for 8.0%, but reduces fruit firmness. It
has not significant influence on strawberry ripening time.

The strawberry production season can be significantly extended by using of
cold stored plants, and by planting them in different terms. The fruit ripening
of cold stored plants starts in average 49 days after planting.

For cold stored plants high planting density: 50 000 plants ha™ (for A and A+
grade plants) and 66 000 plants ha (for A grade plants) can be used to obtain
higher yield in the first season. It does not reduce fruit quality.

The strawberry production season can be extended until autumn frosts by
using everbearing cultivars. The course of production for everbearing long-
day and day-neutral cultivars is similar in Latvia conditions. ‘Krimskaja
Remontantnaja’ from long-day cultivars and ‘Calypso’ from day-neutral
cultivars are recommended for growing in Latvia.

The economical evaluation shows that using of low tunnels with
polyethylene film cover is profitable in strawberry forcing. The economical
effectiveness of agronet cover is lower than for polyethylene film and not
always is profitable. The using of everbearing cultivars for extending the
strawberry production season is profitable.

The strawberry production season under open field conditions in Latvia can
be extended for four months (from the third decade of May until beginning of
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October) by using different agro-technological components and appropriate
cultivars.
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