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Abstract. Strawberry farming in Latvia has been increasingly using cold-stored (frigo) plants, which
provide a high yield already in the year of planting and allow yields to be obtained within a specifically
planned time (on average 60 days after planting), thus potentially extending the harvest season. A
variety of fertilizers are applied to strawberries suitable for both using on soil and spraying on plants.
The aim of this experiment was to compare the effects of 3 nutrient solutions on strawberry growth,
yield and biochemical composition of berries. The trial was set up in an open field in May of 2018 in
the district of Jelgava; the HWB class frigo plants of strawberry cultivars ‘Elsanta’, ‘Corona’ and
‘Sonata’ were used. The ‘Elsanta’ was planted on May 8, but the other cultivars on May 15. May 2018
was unusually hot (an average of 3.9°C above normal), reaching 26.5°C in Jelgava on the 13th of May,
which caused rapid development of strawberry vegetative parts while root formation was delayed. On
the 29th of May, the rooting and survival of plants were assessed. The plants of the cultivar ‘Elsanta’
had survived and developed, though they were weakened. The plants of ‘Sonata’ had survived (99%,),
but they lagged behind significantly in height and development. Only individual plants (1%) of ‘Corona’
had survived until then. It was, most likely, caused by the later planting time of ‘Sonata’ and ‘Corona’,
which coincided with the peak of the heat wave which prevented normal development of the root system
despite the watering. Therefore, the subsequent trial was set up only in the planting of the ‘Elsanta’.
Four fertilizing variants were used: 1) control (water-irrigated), 2) fertilizer solution “OMEK Bio 20"
(NPK 13.4 - 13.4 - 13.4 + B, Cu, Fe, Mn, Zn) water-irrigated and sprayed on plants, 3) solution of “Van
Iperen” (NPK 13-11-36 PTE) used on soil and sprayed on plants, 4) “Vito Strawberries” + “Vito Ca”
used on soil and sprayed on plants, fertilizers used in accordance with the manufacturer's
recommendations. The trial was arranged in 3 repetitions with 10 plants in the plot. In 2018, the number
of inflorescences, the total and standard (qualitative) yield of berries, and the average weight of the
berries were measured and a biochemical composition of fresh berries: ascorbic acid, titratable acids,
soluble solids, total phenols and carotenoid, and antiradical activity (DPPH) were analyzed. In 2019,
the number of overwintered plants, inflorescences and leaves per plant were counted. For the cultivar
‘Elsanta’, the first flowers opened 20 days after planting (May 29), the first berries ripened 40 days
after planting on June 17 and production continued for 33 days. The first flowers of the ‘Sonata’ opened
25 days after planting, but the berries did not ripe due to the bad rooting (extinction of the planting).
On average, the number of inflorescences was 5.95 (2018) and 1.88 (2019), the number of leaves was
15.7 (2019) per plant, the differences between the fertilizing variants were not significant. The total
yield was on average 70.2 g, standard berry yield was 2.21 g per plant and average berry weight was
4.81 g. The differences between the variants were not statistically significant, but a trend was observed
that the yield and the average berry weight of the control were lower. In the spring of 2019, an average
of 86.7% of plants had overwintered. Berries contained on average 71.8 mg 100g™* ascorbic acid, 1.00%
titratable acids, 11.1°Brix soluble solids, 0.05 mg 100g™ total carotenoids, 244 mg 100g™ total phenols,
their antiradical activity was 49.9 mg Trolox 100g7 in fresh weight, but no significant differences were
found between fertilizing variants. In conclusion, adverse weather conditions at the beginning of
cultivation, the ripening times of berries and other cultivation factors have played a greater role than
the used fertilizer applications.

Key words: frigo plants, biochemical composition, antiradical activity.

levads

Zemenu audz&Sana Latvija arvien vairak tiek izmantoti aukstuma uzglabati (frigo) stadi, kas
saskana ar stadu razotaju ieteikumiem nodroSina augstas razas jau stadiSanas gada un lauj iegit razu
konkréti planota laika (vidgji 60 dienas péc stadisanas). STipatniba lauj potenciali pagarinat razas sezonu
(Laugale, 2015). So zemenu méslosanai tiek piedavati ari daudzveidigi méslosanas lidzekli, kas
pieméroti gan m&slosanai caur sakném, gan arpussaknu mésloSanai.
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ST eksperimenta mérkis bija salidzinat tris baribas skidumu ietekmi uz zemenu augSanu, razu un
ogu biokimisko sastavu.

Materiali un metodes

Izm&ginajums ierikots atklata lauka 2018. gada maija Jelgavas novada. lzmantoti zemenu $kirnu
‘Elsanta’, ‘Korona’ un ‘Sonata” HWB klases frigo stadi. Skirne ‘Elsanta’ stadita
8. maija, bet pargjas Skirnes 15. maija — saistiba ar stadu piegades kaveSanos un to, ka saimnieciba nebija
piemgrotas dzes€tavas stadu uzglabasanai.

2018. gada maiju raksturoja netipisks siltums (vid&ji 3.9 °C virs normas), 13. maija Jelgava
sasniedzot 26.5 °C, kas veicinaja strauju zemenu virszemes dalu attistibu, vienlaikus kavgjot saknu
veidosanos. No 19. maija iestajas menesi ilgs sausuma periods, kad vid&ja temperatiira atradas virs
normas. Tomér tieSi zemenu razas laika — junija 3. dekadg un julija 1. dekadg — iestajas salidzino$i vess
(zem normas) un nokrisniem bagats (virs normas) laiks. AtlikuSaja jilija menesi un augusta bija
augstaka gaisa temperatira un mazak nokriSnu (neka norada klimatiska norma), un tikai péc
20. septembra temperatiira un nokriSnu daudzums sasniedza klimatisko normu. ZiemosSanas apstakli
2018./2019. gada ziema bija apmierino$i — ziema bija siltaka par normu (vidgji 1.6 °C), it seviski
februari. Ar1 2019. pavasaris bija silts un ar pietiekamu nokrisnu daudzumu.

2018. gada 29. maija tika novértéta stadu iesaknoSanas un izdzivoSana. Nemot véra konstatéto
Skirnu ‘Korona’ un ‘Sonata’ slikto iesaknosSanos, turpmakais izméginajums iekartots tikai Skirnes
‘Elsanta’ stadijuma. Izm&ginajuma iekartoti Cetri méslosanas varianti: 1) kontrole (laistits ar tideni);
2) laistits ar Gdeni un smidzinats ka arpussaknu méslojums OMEK Bio 20 (NPK 13.4-13.4-13.4 + B,
Cu, Fe, Mn, Zn); 3) Van Iperen (NPK 13-11-36 PTE) laistits uz augsnes ar baribas $kidumu un
smidzinats; 4) Vito zemeném + Vito Ca laistits uz augsnes ar baribas skidumu un smidzinats.
Mgéslosanas lidzekli lietoti atbilsto§i razotaja rekomendacijam. Izméginajums iekartots tris
atkartojumos, laucina izmantoti 10 stadi.

2018. gada tika noteikts ziedkekaru skaits, kopgja un standarta (kvalitativo) ogu raza, ogu vidgja
masa un ogu biokimiskais sastavs — askorbinskabes, titrgjamas skabes, $kistos$as sausnas, kopgjo fenolu
un karotinu saturs, ka arT antiradikala aktivitate. 2019. gada — augu parziemosana, ziedkekaru skaits un
lapu skaits cera.

Paraugi ogu biokimisko analizu veiksanai tika nemti divos terminos — 4. julija (pilnrazas laika —
vesa un nokriSniem bagata perioda) un 13. julija (razas perioda beigas, kad iestajas silts un sauss laiks).
Skisto§as sausnas saturs noteikts parauga sasmalcinata viendabiga masa atbilstosi ISO 2173:2003!
standartam ar digitalo refraktometru Mettles Toledo. Titrgjamo skabju saturs paraugos noteikts, titrgjot
ar 0.1N NaOH (ISO 750-1998 Fruit and vegetable products — Determination of titratable acidity).
Askorbinskabes saturu (mg 100 g™) noteica, izmantojot jodometrisko metodi (Jansons, 2006). Kop&jo
karotinu saturu (mg 100g™) analizgja ar Jenway 6705 UV/Vis spektrofotometru pie vilna garuma
440 nm, par kontrol§kidumu izmantojot petrol&teri (MeTompl OMOXHMHUYECKOT0 HCCASTOBAHUS ..., 1987).
Kopgjo fenolu saturu zemengs noteica spektrofotometriski ar JENWAY 6705 UV spektrofotometru pie
vilna garuma 765 nm, istenojot Singleton et al. metodi ar dazam modifikacijam (Singleton, Orthofer,
Lamuela Raventos, 1999; Priecina, Karklina, 2014). DFPH antiradikalas aktivitates noteikSana veikta,
pamatojoties uz (Yu, Perret, Harris et al., 2003) ar JENWAY 6300 spektrofotometru pie vilnu garuma
517 nm ar dazam modifikacijam (Priecina, Karklina, 2014). Antiradikalas aktivitates kvantitativai
noteikSanai tika izmantots 6-hidroksil-2,5,7,8-tetrametilhromkarboksilskabes Trolox ekvivalents.

Rezultatu ticamibas parbaudei izmantota dispersijas analize.

Rezultati un diskusijas

21 dienu péc stadiSanas Skirnes ‘Elsanta’ stadi bija izdzivojusi un attistijas, kaut novajinati. Tai
pasa laika, bet $aja gadijuma 15 dienas péc stadiSanas ari $kirnes ‘Sonata’ stadi bija izdzivojusi (99%),
tomgr tie ievérojami atpalika auguma un attistiba. Skirnei ‘Korona’ tikai atseviski stadi (1%) izdzivoja
Iidz $im laikam (skat. 1. att.). Visticamak, tas saistits ar pedgjo skirnu vélaku stadisanas laiku, kas sakrita
ar karstuma vilna maksimumu — tika veicinata loti strauja virszemes dalu attistiba, ta¢u saknu sistéma
nevargja pilnvertigi izveidoties, neraugoties uz laistiSanu.

1 ISO 217:2003. Contents of soluble solids [TieSsaiste] [skatits: 2016. g. 15. maija]. Pieejams:
http://www.inmetro.gov.br/barreirastecnicas/pontofocal/..%5Cpontofocal %5Ctextos%5Cregulamentos%5CUGA
_134.pdf.
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‘Elsanta’ ‘Korona’ ‘Sonata’

1. att. Zemenu Skirnu izdzivoSana un attistiba 2018. gada 11. jiinija.
Fig. 1. Survival and development of the strawberry cultivars at 11" June 2018.

Skirnei ‘Elsanta’ pirmie ziedi uzziedgja 21 dienu péc stadisanas (29. maija), bet pirmas ogas ienacas
40 dienas péc stadiSanas (17. junija), un razoSana turpinajas 33 dienas, kas ir ievérojami atrak par
visparpienemtajam 60 dienam, ka arT atrak par V. Laugales (2015) pé&tijumos novérotajam vidgji 49
dienam. Skirnei ‘Sonata’ pirmie ziedi uzziedgja 25 dienas péc stadiSanas, ta¢u raza neienacas sliktas
iesaknosSanas un velakas stadijuma iznikSanas dgl.

Ziedkekaru skaits 2018. gada bija vidgji 5.95, un atskiribas starp mé&sloSanas variantiem nebija
butiskas (p = 0.150) — tas liecina, ka zemenu stadi bija pietickami viendabigi, jo ziedkekari frigo stadiem
ierieSas iepricks¢ja sezona stadaudzetava. 2019. gada vidgjais ziedkekaru skaits bija tikai 1.88 un lapu
skaits — 15.7, atskiribas starp mé&slosanas variantiem nebija butiskas (attiecigi p = 0.405 un p = 0.814).
AtSkiribas starp augiem bija ieverojamas, par ko liecina aprékinatie variaciju koeficienti — ziedkekaru
skaitam 42.6% (2018. gada) un 58.6% (2019. gada), lapu skaitam cera 36.8% (2019. gada), tacu ari
variaciju koeficienti buitiski neatskiras starp variantiem. Zemo ziedkekaru skaitu 2019. gada, domajams,
var izskaidrot ar stadu slikto iesakno$anos un nepilnveértigu attistibu 2018. gada sezona. 2019. gada
pavasarl bija parziemojusi vid&ji 86.7% Skirnes ‘Elsanta’ augu (tai skaitd varianta ar Van Iperen
méslojumu Vvisi 100% bija parziemojusi), pret&ji iepriek$ veiktos pétijumos novérotajai $is Skirnes
sliktajai ziemcietibai (Laugale, 2015). Jaatzist, ka atSkiribas starp mesloSanas variantiem nebija bitiskas
(p =0.347).

Kopégja raza bija vidgji 70.2 g no auga, tai skaita standarta ogu raza vidgji 2.21 g jeb tikai 3.14%,
un vidgja ogas masa 4.81 g. Atskiribas starp variantiem nebija statistiski batiskas (p = 0.251 kopgjai
razai, p = 0.479 standarta ogu razai un p = 0.129 vid&jai ogas masai), tomér novérota tendence, ka
kontroles laucina raza un vid&ja ogas masa bija zemaka (skat. 2. att.). Ar agrakos pétijumos (Laugale,
2015) noverota $ada visai zema un pat zemaka raziba Skirnes ‘Elsanta’ aukstuma glabato (frigo) stadu
pirmaja audzeSanas gada. Tiesa, minétajos p&tijumos bija daudz augstaks standarta ogu iznakums, un
ar1 vidgja ogas masa bija apméram divas reizes augstaka. Zemais standarta produkcijas patsvars
skaidrojams ar dazadiem bojajumiem — netiras ogas lietus de| (stadijums nebija mulcéts), gliemezu un
citu kaiteklu grauzumi, ogu plaisaSana, saviSana, “kokainums” un nevienmeriga krasoSanas —
nevienmeriga mitruma rezima dél ogu augSanas laika, ka ari, iesp&ams, tripSa vai zemenu miltrasas
bojajumu (netika noteikti Saja petijuma) rezultata.
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2. att. Skirnes ‘Elsanta’ vidgja raza no auga un vidgja 10 ogu masa dazados mésloganas variantos, g.
Fig. 2. Average yield per plant and average weight of 10 berries of cultivar ‘Elsanta’ in different
fertilizing variants, g.

Klidas zimes attélo videja aritmetiska standartklidu | Error bars shows Standard Error of Mean.

Ogas saturgja (rékinot uz svaigu ogu masu) vidgji 71.8 mg 100g™ askorbinskabes, 1.00% titrgjamo
skabju, 11.1°Brix $kistosas sausnas, 0.05 mg 100 g™ kop&jo karotinoidu, 244 mg 100 g** kop&jo fenolu,
to antiradikala aktivitate bija 49.9 mg 100 g* Trolox ekvivalenta, ta¢u netika konstatétas bitiskas
atSkiribas starp mésloSanas variantiem (p vértibas svarstijas no 0.106 Iidz 0.556). Ogu biokimiskais
sastavs bija iepriek$€jos Latvija veiktajos pétijumos noteikta, arT citu zemenu Skirnu ogas, daudzuma
robezas (Laugale, 2015; Kalnina, Strautina, 2015). Tomér divos gadijumos novérotas biitiskas atskiribas

skabes (0.92%) neka 4. jilija vaktas (1.07%) (skat. 3. att.).
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3. att. Titrgjamas skabes saturs divos laikos vaktas ‘Elsanta’ ogas dazados mésloSanas variantos.
Fig. 3. Titrable acids content in berries of ‘Elsanta’, harvested in two times, in different fertilizing
variants.

Klidas zimes attélo standartnovirzi | Error bars shows Standard Deviation.

Lidzigi 13. julija vaktas zemenu ogas saturja bitiski (p<0.001) vairak kop&jo karotinoidu
(0.062 mg 100 g*) neka 4. jiilija vaktas (0.043 mg 100 g*) (skat. 4. att.).
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4. att. Karotinoidu saturs divos laikos vaktas ‘Elsanta’ ogas dazados mésloSanas variantos.
Fig. 4. Carotenoids content in berries of ‘Elsanta’, harvested in two times, in fertilizing variants.
Kliidas zimes attélo standartnovirzi [ Error bars shows Standard Deviation.

S atikiriba visdrizak skaidrojama ar laika apstakliem ogu ienaksanas laika — jalija 2. dekadg, pirms
otro paraugu ievaksanas, bija augstaka temperatiira, mazak nokri$nu un vairak saulaino dienu.
Secinajumi
1. Konkrétaja gadijuma nelabvéligiem meteorologiskajiem laikapstakliem audz€Sanas sakuma un

citiem audzesanas faktoriem bija lielaka nozime neka izmantotajam méslojuma veidam.

2. Skirnei ‘Elsanta’ pirmie ziedi uzziedgja 21 dienu péc stadiSanas, pirmas ogas iendcas

40 dienas péc stadisanas, un razosana turpinajas 33 dienas.

3. Zemenes ‘Elsanta’ pirmaja audz&Sanas gada deva vid&ji 70.2 g no auga, un ogas saturéja vidgji

71.8 mg 100 g™ askorbinskabes, 1.00% titrgjamo skabju, 11.1°Brix §kistosas sausnas, 0.05 mg 100

g’ kopgjo karotinoidu, 244 mg 100 g* kopgjo fenolu, savukart to antiradikala aktivitate bija

49.9 mg 100 g* Trolox ekvivalenta.

4. Pec 2018./2019. gada ziemas atklata lauka apstaklos bija parziemojusi vidgji 86.7% Skirnes

‘Elsanta’ augu.

Pateiciba
Izméginajums veikts LLU projekta “LLU pétniecibas programmas istenoSana” projekta Nr. P1
“Zemenu Skirnu audz&Sanas sistému pétijumi segtajas platibas un atklata lauka” ietvaros.
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