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IEVADS

Arvien vairak paterétaju doma par veseligu un sabalans€tu uzturu, tacu to nav
viegli nodroSinat visa gada garuma tikai ar ierastajiem, tradicionaliem
darzeniem. P&c LR Veselibas ministrijas ieteikumiem pieaugusam cilvékam ik
dienu bitu uztura jaieklauj 0.5 kg darzenu.! Darzeni nodro$ina cilvékus ar
Skiedrvielam, antioksidantiem, vitaminiem, polifenoliem un mineralvielam. Jo
daudzveidigaks darzenu klasts tiek lietots uztura, jo pilnvertigaks tas ir. Jaunu
vai neierastu darzenu lietoSana uztura daudzveidotu ikdienas uzturu, nodrosinot
paterétajus ar darzeniem, kas ir bagati ar daudzveidigiem biologiski aktiviem
savienojumiem. Arvien biezak vérojama iedzivotaju interese un vélme pasiem
izaudzet sev dazadus auglus un darzenus. Péc centralas statistikas datiem, pedg&jo
piecu gadu laika, atklatas lauka platibas darzeni audz&ti 8.0—8.4 tiikst.ha platiba.
No $m platibam 1/3—1/4 sastada mazas saimniecibas®, kas bieZi vien nodro$ina
paterétajiem daudzveidibu darzenu piedavajuma, Ipasi sekméjot jaunu vai retu
darzenu audzesanu. Mazizplatitu darzenu razas novakSanai parsvara tiek
izmantots roku darbs, tadgjadi galvenokart mazas saimniecibas ir ieinteres€tas
jaunu vai neierastu darzenu audzé$ana. To IpaSniekiem svarigakais nav tikai
razas apjoms, bet arT razas kvalitate un augu uzturvertiba.

Arvien vairak partika izmanto arT savvala augoSus augus. Tomer to izplatiba
un pieejamiba laika gaita mainas, tadel ir jadoma arT par So augu apzinatu,
mérktiecigu kultivésanu. Turklat savvala augusiem augiem nav izsekojama to
uzturvertiba, pretstata kultivétajiem augiem (Radman et al., 2015).

Tris darzeni, kas potenciali varétu tikt audzeti Latvija darzenu sortimenta
bagatinasanai, ir liela natre, lodveida artiSoks un darzenu soja. Visa pasaulé
sastopamas vairak neka 1000 natru dzimtas augu, Latvija tikai divas to sugas, bet
liela natre ir vieniga, ko izmanto partika. Uzturvertibas zina liela natre ir loti
vertigs un pavasari visagrak iegiistamais lapu darzenis. Pasaulé zinams ap 10
dazadu artiSoku sugu, tacu partikai galvenokart tiek audzgts tikai lodveida
artiSoks. Darzenu soja ir Tpass sojas veids ar lielakam seklam un patikamu garsu
pirmsnobrieSanas fazé (apméram 80% gataviba, kad pakstis tik tikko sak
krasoties dzeltenas), kad ta tiek lietota partika.

Lai 80 augu audzésana biitu veiksmiga un izdeviga, japarzina nozimigakie to
attistibu un raZibu ietekmgjosie faktori: augsne, temperatiira, mitrums, gaisma un
audzesanas tehnologija ir vieni no galvenajiem. Visbiezak Latvija ir pétita
laukaugu vai auglaugu raza un kvalitate dazadu faktoru ietekme, bet maz ir veikti
pétijumi darzenkopiba.

! https://www.vm.gov.lv/images/userfiles/VM_Uztura_ieteik pieaug.pdf [tieSsaiste] [skatits
2020.9. 14. sept.]

2 https://data.csb.gov.lv/pxweb/Iv/lauks/lauks  03Augk ikgad/LAG020.px [tieSsaiste] [skatits
2020.g. 16. jul.]

3 https://www.csb.gov.Iv/Iv/statistika/statistikas-temas/lauksaimnieciba/augkopiba/meklet-
tema/381-latvijas-lauksaimnieciba-2019 [tieSsaiste] [skatits 2020.g. 16. jul.]



Lai gan Sie t1Ts darzeni plasi tiek audzeti citviet pasaulg, ir nepiecieSams atrast
piemérotakos  audz&Sanas  apstaklus, kas ir atbilstoSi  vietgjiem
agroklimatiskajiem apstakliem. Tas noteica nepiecieSamibu ierikot
izmégingjumus, lai noskaidrotu piemérotakos agrotehniskos faktorus un
meteorologiskos apstaklus augstas un kvalitativas razas ieguvei darzeniem, kas
lidz §im vél nav plasi audzgti Latvija.

Darba meérkis: Izvértét agroekologisko faktoru ietekmi uz Latvija maz
izplatitu darzenu razu un kvalitati tris morfologiski atkirigam sugam: lielajai
natrei (Urtica dioica L.), lodveida artiSokam (Cynara cardunculus L. var.
scolymus) un darzenu sojai (Glycine max L.).

Darba uzdevumi:

e izvertet lielas natres, lodveida artiSoka un darzenu sojas augSanu un
attisttbu dazadu agrotehnisko faktoru ietekm& un atkariba no
meteorologiskajiem apstakliem;

e izvertet izveleto darzenu ieglistamo razu dazadu agrotehnisko faktoru
ietekm@ un atkariba no meteorologiskajiem apstakliem;

e noteikt un novertet bioktmisko raditaju izmainas dazadu agrotehnisko
faktoru ietekmé un atkariba no meteorologiskajiem apstakliem.

Darba novitate: pirmo reizi Latvija pétita agroekologisko faktoru ietekme
uz lielas natres, lodveida artiSoka un darzenu sojas razu un razas kvalitati. Visiem
Siem darzeniem ir augsts potencials patérétaju uztura dazadosanai.

Darba hipotéze: Nodrosinot atbilstoSus agrotehniskos faktorus un, mazinot
meteorologisko apstaklu ietekmi, iesp&jams paaugstinat pétamo darzenu razas
apjomu un biologiski aktivo savienojumu daudzumu tajos.

Zinatniskais nozimigums: iegiitie rezultati ir aktuali darzenkopibas nozarg,
un lauj izprast reti audz&tu darzenu razas veido$anos un biologiski aktivo
savienojumu izmainas dazadu agrotehnisko faktoru un meteorologisko apstaklu
ietekme.

Pétijuma rezultati iegiiti, pateicoties projektiem:

1. “Jauna darzena - edamame audzE€Sanas tehnologijas izstrade
biologiskaja razo$ana” (2018-2019)
2. Latvijas Zinatnes padomes projekta Nr.519/2012 ,Metodes
fiziologiski aktivu savienojumu paaugstinaSanai Latvija audz&tos
darzenos mainiga klimata apstaklos” (2014—2016).
Pateictba ESF projektam Nr. 8.2.2.0/20/1/001 ,LLU pareja uz jauno
doktorantiiras finansé$anas modeli”.

Zinatniska darba aprobacija. Par §1 pétjjuma rezultatiem ir sniegti Cetri
mutiskie zinojumi un divi stenda referati starptautiskas zinatniskas konferences
un pieci mutiskie zinojumu un viens stenda referats Latvijas méroga zinatniski
praktiskajas konferenc€s. Public@ti Cetri raksti zinatniskos rakstu krajumos, kuri
indeks&ti Scopus datubazg, sesi raksti citos zinatniskos rakstu krajumos, ka ar1
astonas zinatnisko konferencu tezes.



IZMEGINAJUMA APSTAKLI UN METODIKA

Lauka izméginajumu ieriko$ana. P&tfjumi veikti laika perioda no 2014.
gada Iidz 2019. gadam. Lauka izm&ginajumi ierikoti SIA “Pures Darzkopibas
pétijumu centrs” un APP Darzkopibas institiits izm&ginajuma laukos Tukuma
novada Pires pagasta. Izméginajumos pétiti tiTs kultGraugi: lodveida artiSoks
(Cynara cardunculus L.), liela natre (Urtica dioica L.) un darzenu soja (Glycine
max L.).

Liela natre. 1zméginajums tika iekartots peéc trisfaktora izmé&ginajuma
shémas, Cetros atkartojumos (2015.-2017. gads), kur

o faktors A — klons (klons | — A, Klons Il — Ay, klons 11l — Az, klons IV
—Aa);

e faktors B — méslojums (bez méslojuma — Bi, ar m&slojumu (kudras —
kiitsméslu kompostu 4 kg m?) — By);

o faktors C — razas vakSanas biezums (divas reizes vegetacijas perioda, kad
dzinumi bija garaki par 10 cm — Cy, Getras reizes vegetacijas perioda, kad
dzinumi neparsniedza 10 cm — Cy).

Lodveida artiSoks. Izméginajums bija iekartots péc divfaktora izméginajuma

shémas, Cetros atkartojumos (2015.—.2016., 2018. gads), kur

o faktors A — augsne (kultiraugsne — As, reliktkarbonatiska briinaugsne
- Ag);

o faktors B — digstu apstrades veids (nejarovizéti — B4, jarovizéti — By).

Darzenu soja. 1zméginajums tika iekartots péc trisfaktora izméginajuma
shémas, Cetros atkartojumos (2017.-2019. gads), kur:

o faktors A — skirne (‘Chiba Green’ — Ay, ‘Midori Giant’ — Ay);

o faktors B — audzgsanas veids (s€jot tiesi lauka — By, ar déstu — B»);

e faktors C — augu bieziba (13 augi m?— Cy, 20 augi m? — Cy).

Meteorologisko apstaklu raksturojums pétito augu konteksta.

Natres. Kopuma 2015.-2017. gadu periods bija piemérots natru audzesanai.
2015. gada pavasaris bija vispiemérotakais regularas razas ieguvei, jo bija
vienmerigs un regulars mitruma nodro$inajums. 2016. gada maija pirma un tresa
dekade bija bez nokrisniem, kas negativi ietekméja razas veidosanos, bet otraja
dekade bija 57 mm nokriSnu. Savukart 2017. gada pavasaris bija ar ilgaku
sausuma periodu, ka rezultata starplaiks starp razas vakSanas reizém bija lielaks.
Maija kopgjais nokrisnu daudzums bija tikai 12 mm. Visagrak pirma raza tika
ievakta 2017. gada.

ArtikSoki. ArtiSoku audzgSanai mitruma un temperatiiras zina piemérotakie
bija 2015. un 2016. gads. 2018. gada vasaras méneSos bija visaugstaka vid&ja
gaisa temperatiira, bet vismazakais nokri$nu daudzums.

Darzenu soja. Darzenu sojas audzeSanai visos pétfjuma gados arT bija
labveligi laikapstakli, raugoties uz vegetacijas periodu kopuma. Tomer
atseviskos periodos bija v€rojamas ar1 krasas novirzes no vélamiem un ilggadigi
noverotiem apstakliem. 2019. gads bija vissiltakais, kad atseviSkos periodos
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vidgja gaisa temperatiira sasniedza pat 30 °C robezas. Noteikti jaatzimé, ka
vislielaka probléma, ar ko nacas saskarties, jo 1pasi 2018. un 2019. gada, bija
nepietiekams nokri$nu daudzums maija, kad tas ir loti nozimigi darzenu sojas
veiksmigai sadigSanai.

Izméginajuma laikad veiktie novérojumi un analizes. Visiem tiTs
izméginajuma ieklautajiem darzeniem veikti augu morfologiskie mérfjumi,
veikta razas uzskaite un noteikts biologiski aktivo savienojumu daudzums tajos.

ArtiSokiem pirmaja razas uzskaiteé visiem augiem laucina mérits auga
augstums un lapu rozetes diametrs; katra razas vakSanas reizé visam artiSoku
galvinam noteikts to diametrs un masa; aprékinata kop&ja auga raza gramos no
auga visa vegetacijas perioda; noteikts pigmentu, fenolu, flavonoidu, C vitamina
saturs un antiradikala aktivitate artiSoku galvinas katra razas vakSanas reizg.

Natrém katra razas vak$anas reize noteikts 10 augu augstums un masa. Razas
uzskaitei no katra eksperimentala laucina nogriezti visi augi, tie nosverti, raza
parrekinata uz g m2 Pigmentu, fenolu, flavonoidu, C vitamina saturs un
antiradikala aktivitate natru lapas noteikts laboratoriski, katra razas ievakSanas
reize.

Darzenu sojai razas laika no katra laucina analiz&ti 10 augi: tika mérits augu
augstums, attalums no saknu kaklina Iidz pirmajai pakstij, auga masa, paksu
skaits un to masa no auga. Razas uzskaite veikta no katra eksperimentala laucina,
novacot visas augu pakstis, paksu raza nosverta, raza parrekinata uz t ha™.

Biokimiskas analizes veiktas Latvijas Lauksaimniecibas universitates
Lauksaimniecibas fakultates Augsnes un augu zinatnu institGta. Savukart
Biotehnologiju zinatniskaja laboratorija noteica kopproteina saturu edamames
pupinas péc Kjeldala metodes.

e Hilorofila un karotinoidu saturs noteikts spektrofotometriski etanola

Skiduma, $kiduma gaismas absorbcija nolasita pie 665 nm, 649 nm un
440 nm vilnpu garumiem. To saturu augu materiala izteica mg 100 g
svaigas masas (Linchtenthaler, Buschmann, 2001).

o Askorbinskabes saturs noteikts titrimetriski, filtratu titréjot ar 0.001 n jodu
l1dz zilai krasai, pirms titréSanas parauga iepilinaja 1% cieti. To saturu
augu materiala izteica mg 100 g svaigas masas (Moor et al., 2005).

e Antocianu saturs noteikts spektrofotometriski, s$kiduma gaismas
absorbcija nolasita pie vilpu garuma 535 nm. To saturu augu materiala
izteica mg 100 g* svaigas masas (Moor et al., 2005).

e Fenolu saturs noteikts spektrofotometriski, skiduma gaismas absorbcija
nolasita pie vilnu garuma 320 nm. To saturu augu materiala izteica
mg GAE 100 g svaigas masas (Singleton et al., 1999).

e Flavonoidu noteikts spektrofotometriski, $kiduma gaismas absorbcija
nolasita pie vilnu garuma 415 nm. To saturu augu materiala izteica
mg KE100 g svaigas masas (Kim et al., 2003).



o Antiradikala aktivitate noteikta spektrofotometriski, skiduma gaismas
absorbcija tika nolasita pie vilnu garuma 517 nm, izteikta % (Barros et
al., 2007).

Datu matematiskas apstrade veikta izmantojot Microsoft Excel 2016 un
STATISTICA TM programmas. Datu apstradé izmantotas vienfaktora,
divfaktora un daudzfaktoru dispersijas analizes, korelacijas un regresijas analize,
aprakstosa statistika. Datu butiskuma noveértéSanai izmantots Dunkana kriterijs,
kas noradits grafikos un dalai grafikos noradita mazaka biitiska robezstarpiba
(RS) starp atseviskam faktora verttbam. Raditaju atskiribas bitiskuma
noteikSanai izmantoja 95% ticamibas pakapi.



IZMEGINAJUMA REZULTATI UN ANALIZE

Agroekologisko faktoru ietekme uz svaigu natru razu

Pirmaja natru razas vakSanas gada iegita raza pa variantiem varigja vidgji no
60 Iidz 410 g m? (1. att.). Statistiski biitiskas atskiribas konstatetas tikai
méslojuma ietekmé (p = 0.000). Citiem faktoriem (klons, vaksanas biezums), un
faktoru mijiedarbibai nav konstatéta statistiski butiska ietekme uz natru razu.
Lielakas atskirbas starp méslojuma variantiem konstatetas, razu vacot divas
reizes sezona. Bitiski augstaka raza ievakta laucinos, kur lietots m&slojums.
Varianta, kur raza vakta Cetras reizes, statistiski biitiskas atSkirtbas méslojuma
ietekmei nav konstatetas. No izm&ginajuma ieklautajiem kloniem varianta bez
méslojuma vislielako razu deva III klons, bet vismazako — | klons. Turpretim
variantd, kur lietots méslojums, lielaka raza tika iegtita no I klona. Tas norada,
ka 8is klons bija atsaucigakais uz méslojumu. Variantos, kur nebija lietots
méslojums, no kvadratmetra iegiiti 60 lidz 187 grami, bet m&slotaja varianta —
no 238 lidz 410 gramiem.
\

450 d
“.‘E 400
o> 350 cd cd cd

< 300 bcd bcd
< bcd

abc
ab abe abe ab abc ab
Earhrinh
& 50
. |
| ] i v | 1 i v
2x vaktas / 2-times harvested 4x vaktas / 4-times harvested

klons / clone

B bez méslojuma / without fertilization = ar méslojumu / with fertilization

1. att. Natru raza 2015. gada, g m?%/
Fig. 1. Nettle yield in 2015, g m

*lielumi, kas apziméti ar dazadiem burtiem, parada statistiski batisku atskiribu (Dunkana kriterijs,
p <0.05) / values marked by differnet letters have significant difference (Duncan s criteria, p < 0.05)

Pirmaja razas vakSanas gada augi bija spécigi, tie intensivi atauga, pat neliela
sausuma periodos, razu vargja ievakt regulari ar salidzinosi vienadiem laika
intervaliem starp razas vakSanas reiz€m — vid&ji ik pa divam ned€lam. RaZzas
vaksanas periods ilga no 17. aprila lidz 15. maijam. Varianta, kur raza vakta
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Cetras reizes, augstaka raza konstatta otraja razas vaksanas reizg, sastadot 29
lidz 51% no koprazas. Procentuali [1dziga koprazas dala iegiita arT pirmaja razas
vaksanas reizg (22-43%). TreSaja un ceturtaja razas vaksanas reiz€ razas apjoms
bija lidzigs (11-21%). Savukart divas reizes vacot razu, pirmaja raZas vakSanas
reize ta sastadija 65 lidz 82% un attiecigi otraja razas vaksSanas reizg tie bija 18
lidz 35% koprazas.

Otraja razas vakSanas gada konstatSta lidziga kopgja tendence ka pirmaja
gada — statistiski bitiska ietekme uz razibu konstateta tikai méslojuma
lietojumam (p = 0.000). Vidgja raza no variantiem vari€ja robezas no 38 lidz
273 g m? (2. att.).

. 300 e
E 250
S 200 cde  cde de
2 bed  bed  ped
150 abed abcd
q‘g abc abc
20 100 ab ab ab
o a a
8 50
I | [
| I Il \Y) | I Il v
2x vaktas / 2-times harvested 4x vaktas / 4-times harvested

klons / clone

Bbez meslojuma / without fertilization = ar m&slojumu / with fertilization

2. att. Natru raZa 2016. gada, g m%/
Fig. 2. Nettle yield in 2016, g m~

*lielumi, kas apziméti ar dazadiem burtiem, parada statistiski butisku atskirtbu (Dunkana kriterijs,
p <0.05) / values marked by differnet letters have significant difference (Duncan’s criteria, p < 0.05)

2016. gada, lidzigi ka 2015. gada, augstaka raza ievakta varianta, kur lietots
méslojums, un no lauciniem, kuros raza vakta divas reizes vegetacijas perioda,
lai gan $aja gada razas atSkiribas starp razas vakSanas reiz€m bija nebiitiskas. Tas
vedina uz pienémumu, ka intensiva razas vaks§ana novajina augus — jau pec pirma
gada varianta, kur veikta intensivaka razas vakSana, var novérot vajaku augu
attisttbu nakamaja gada, kas atspogulojas raza. Otraja razas vakSanas gada,
l1dzigi ka pirmaja gada, varianta bez meéslojuma augstaka raza iegiita no I1I klona,
bet zemaka — no | klona. Apstiprinas I klona tendence visizteiktak reagét uz
baribas vielu nodrosinajumu. 2016. gada pavasaris — vasaras sakums raksturojas
ar mazak nokri$niem, kas ietekméja augu biomasas veido$anas intensitati un lidz
ar to arl razu — razas vakSanas periods bija garaks neka pirmaja gada. Raza tika
vakta no 17. aprila Iidz 8. maijam. Vacot razu Cetras reizes, atkariba no klona
lielaka raza iegiita otraja un treSaja razas vakSanas reiz€ varianta bez meéslojuma
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un pirmaja vai otraja razas vaksSanas reiz€ méslotaja varianta. Savukart, vacot
razu divas reizes, pirmaja razas vaks$anas reiz€ ievaktas 3/4 no kop€ja razas (69—
75%).

TreSaja razas vaksanas gada bija konstateta statistiski butiska visu faktoru
(klona, razas vaksanas biezuma un méslojuma lietojuma) mijiedarbibas ietekme
uz natru razu (p =0.003). Tapat statistiski butiskas atSkirtbas konstatetas
atseviski katram faktoram (p = 0.000). 2017. gada vidgji visos variantos natru
raza varigja no 22 Iidz 177 g m (3. att.).
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*lielumi, kas, apziméti ar dazadiem burtiem, parada statistiski biitisku atskiribu (Dunkana kritérijs,
p <0.05) / values marked by differnet letters have significant difference (Duncan s criteria, p < 0.05)

Tresaja razas gada, lai arT ir saglabajusies tendence augstaku razu iegiit
méslotaja varianta, atskiribas starp m&slojuma variantiem razu vacot divas reizes,
bija vél mazakas neka iepriek$€jos gados. Varianta bez méslojuma lieto$anas,
abos razas vakSanas biezuma variantos vairs nesaglabajas iepriek§ novérota
tendence, ka zemaka raza ir I klonam, bet augstaka — IIT klonam. ST tendence
noverota tikai variantd, kur raza vakta Cetras reizes sezona. 2017. gads
raksturojas ar vismazak nokriSniem pavasara - vasaras sakuma posma. Augsne
iesila atrak neka citus gadus, tadgjadi pirma raza jau tika vakta 12. aprili, bet
mitruma trikuma d&| natres péc katras razas vaksanas reizes atauga arvien 1&énak
un razas vaks$ana turpinajas I1dz pat 20. junijam. Razu vacot Cetras reizes sezona,
augstaka kopraza vidgji visos variantos bija tre$aja razas vaksSanas reize (30—
41%). Savukart, divreiz vacot razu, abas vaksanas reize€s raza ir bijusi samera
lidziga lielakaja dala variantu. Pirmaja razas vaksanas reiz€ ta sastadija 55 Iidz
64% no koprazas.
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Izvertgjot visus tris izméginajuma gadus kopuma, statistiski butiska ietekme
konstatéta gan meslojumam (p = 0.000), gan razas vakSanas biezumam
(p=0.009), tapat ari razas gadam (p = 0.000). Raza katru gadu batiski
samazinajas, turklat, jo augstaka raza tika ievakta, jo ar katru gadu ta straujak
samazinajas. Rezultati parada, ka raza pakapeniski samazinajas un lielaks razas
kritums pa gadiem bija méslotaja varianta.

Agroekologisko faktoru ietekme uz natru biokimisko sastavu

Kopuma, nosakot hlorofila saturu izm&ginajuma tris gados, konstatéts, ka
butiska ietekme uz ta saturu natru lapas ir bijusi trim pétamajiem faktoriem (gads,
razas vaksanas biezums, klons) (p = 0.000), iznemot méslojumu (p = 0.62).
Izvertejot visu variantu vid€jos raditajus tris gadu perioda, hlorofilu daudzums
varigja no 162 Iidz 263 mg 100 g svaigas masas. Ar atseviskiem izpémumiem,
kopuma katra nakamaja gada hlorofila saturs ir bijis augstaks, salidzinot ar
ieprieksejiem gadiem. Iznanalizgjot visa izméginajuma laika dazados variantos
augusas natres, konstatgts, ka vidg€ji augstakais hlorofila saturs bija IV klonam
(216 mg 100 g* svaigas masas), bet viszemakais — | klonam (193 mg 100 g*
svaigas masas) (4. att.).

Analiz€jot karotinoidu saturu, konstatéts, ka biutiska ietekme uz to bija
tadiem faktoriem ka gads un razas vak$anas biezums (p = 0.000), bet klonam un
méslojumam nebija butiska ietekme uz karotinoidu saturu augos. Izvertgjot visu
variantu vid€jos raditajus, karotinoidu daudzums vari€ja no 40 lidz
58 mg 100 g ! svaigas masas. legiitie rezultati neuzrada skaidri izteiktu tendenci
karotinoidu satura izmainam natru augos. Tapat arT nav noverota izteikta kada
klona reakcija uz méslojumu. Karotinoidu vismazak bija I klonam, visvairak IV
klonam, bet at3kiribas bija nebiitiskas (48-50 mg 100 g svaigas masas).

Butiska ietekme uz antocianu saturu natru lapas bija visiem p&tamajiem
faktoriem (p = 0.000). Izanaliz&jot visu variantu vid€jos raditajus, antocianu
daudzums varigja no 0.6 Iidz 4.3 mg 100 g svaigas masas. Kopuma augstaks
antocianu saturs bija neméslotaja varianta. Tapat ka karotinoidu, arT antocianu
vismazak bija I klonam un visvairak IV klonam, to saturs pa kloniem vari€ja no
2.3 Iidz 2.8 mg 100 g* svaigas masas.

Izméginajuma tris gados, analiz&jot fenolu saturu, konstatéts, ka butiska
ietekme uz ta saturu bija visiem pétamajiem faktoriem (p = 0.000), iznemot
méslojumu (p = 0.59). Izvertgjot visu variantu vidgjos raditajus atseviski pa
kloniem, fenolu daudzums varigja no 216 Iidz 523 mg galluskabes ekvivalenta
(GAE) 100 g svaigas masas. Ar atseviSkiem izngémumiem un atkariba no klona,
kopuma konstatets, ka augstaks fenolu saturs bija varianta, kur iestradats
méslojums, pie abam razas vakSanas shemam. Augstakais fenolu saturs natru
lapas bija I klonam (345 mg GAE 100 g* svaigas masas), bet zemakais — IV
klonam (327 mg GAE 100 g svaigas masas).

12



400 35

350 e ot : 30

300 RS
25 & @
g %
@ z é
g5 250 2%
g% } 20 55
w = o %0
5 i~
- 200 " - o 0 g8
o o B 15
8 150 o
23
o ¥ : R
= - . ' 10 g £
100 ¥ : : ERS
) ﬂ E E | 0.5
o LI AL 2 0.0
! I klons / clone o v
Ohlorofils / chlorophyll Elkarotinoidi / carotenoids B fenoli/ phenols (GAE)
O flavonoidi / flavonoids (KE) OC vitamins / vitamin C Wantociani / antocyans

4. att. Biokimisko raditaju atikiribas starp kloniem, mg 100 g svaigas
masas /
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Analizgjot flavonoidu saturu, konstatéts, ka bitiska ietekme bija visiem
pétamajiem faktoriem (p = 0.000). Izvért&jot visu variantu vidgjos raditajusn no
visam razas vaksanas reiz€m, flavonoidu daudzums varigja no 138 lidz 274 mg
katehina ekvivalenta (KE) 100 g*' svaigas masas. Kopuma izméginajuma
konstatéta tendence, ka ar katru razas vakSanas gadu flavonoidu daudzums natru
lapas palielinajas. Flavonoidu saturs augstaks bija IV klonam.

Novertgjot C vitamina saturu, konstatets, ka butiska ietekme uz ta saturu
natru lapas bija visiem petamajiem faktoriem (p = 0.000). Izvertgjot visu variantu
vidgjos raditajus, C vitamina daudzums varigja no 115 Iidz 317 mg 100 g*
svaigas masas. Pie abam razas vakSanas shemam kopuma konstatéta tendence,
ka augstaks C vitamina saturs bija variantos, kur veikta méslosana. C vitamina
saturs biitiski augstaks bija IV klonam (244 mg 100 g svaigas masas), pargjiem
kloniem tas varigja no 190 Iidz 231 mg 100 g* svaigas masas.

Izm&ginajuma tris gados novértgjot antiradikalo aktivitati, konstatéts, ka
butiska ietekme bija visiem pé&tamajiem faktoriem (p < 0.05). Izvértgjot visu
variantu vid€jos raditajus, antiradikala aktivitate vid€ji pa visam razas vaksanas
reiz€m varigja no 27 11dz 46%.

Izvertgjot gada, meéslojuma un razas vaksanas bieZuma ietekmi un atskiribas
starp kloniem, konstatSts, ka antocianu, flavonoidu, C vitamina saturu un
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antiradikalo aktivitati ietekméja visi pétamie faktori. Hlorofila un fenolu saturu
ietekm&ja visi pétamie faktori, iznemot meslojumu un karotinoidu saturu
ietekm&ja pétjjuma gads un razas vaksSanas biezums. Kopuma noverots, ka
biologiski aktivo savienojumu daudzums natrés pa gadiem pakapeniski pieauga.
Nav konstatéta vienota tendence, pie kuras razas vakSanas shémas veidojas
augstaks biologiski aktivo savienojumu daudzums augos. Tapat arT netika
konstatéta vienota tendence, kura méslojuma varianta ir augstaks biologiski
aktivo savienojumu daudzums natru lapas. No iegiitajiem rezultatiem secinams,
ka visvertigakais biokimisko savienojumu zina bija IV klons.

Agroekologisko faktoru ietekme uz artiSoku razu

Arti$oki izm&ginajuma tika audz@ti tris gadus, bet raza iegita tikai divus
gadus, jo treSaja eksperimenta gada nelabvéligu meteorologisko apstaklu dél
augi neizveidoja ziedkopas. Noteikti ir jaatzimé, ka razoja ne tikai tie augi,
kuriem bija veikta digstu jarovizacija, bet arT tie, kam seklas tika diedzgtas bez
jarovizacijas. Sis novérojums lauj spriest, ka, izstadot augus uz lauka maija
beigas, ir notikusi dabiska to jarovizacija — augi ir bijusi paklauti dabigai zemas
temperatiiras iedarbibai péc izstadiSanas, kad vairakas dienas p&c kartas nakts
stundas vid€ja gaisa temperatiira bija zem 5 °C un diennakts vid&ja temperatiira
divas nedélas neparsniedza 15 °C robezu.

Novertgjot vidgji no viena auga visa vegetacijas perioda iegito razu,
konstatéta butiska atSkiriba gan starp izméginajuma gadiem, gan ari abam
augsném (p = 0.000), digstu apstrades veidam (jarovizeti vai nejarovizeti) nav
bijusi biitiska ietekme uz razas lielumu (p = 0.07). Starp visam faktoru
kombinacijam ir noverota butiska mijiedarbiba, iznemot gads x s€klu
diedzesanas veids (p = 0.18). leglita raza pa variantiem vari€ja no 89 Iidz 385
gramiem no auga (5. att.)
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* lielumi, kas apziméti ar dazadiem burtiem, parada statistiski biitisku starpibu (Dunkana kritérijs,
p < 0.05) /values marked by differnet letters have significant difference (Duncan s criteria, p < 0.05)

Novertgjot katru gadu atseviski, redzams, ka 2015. gada butiskas atSkiribas
bija konstatétas starp abam augsném (p = 0.002), ka arT digstu apstrades veids
bitiski ietekmgjis razas apjomu (p = 0.04). Savukart 2016. gada nevienam no
faktoriem netika konstatéta butiska ietekme uz razu. Salidzinot abus gadus,
augstaka raza bijusi 2016. gada, kad bija augstaka vid€ja gaisa temperatiira un
labaks mitruma nodro$indjums. Augusta, kad sakas razas periods, 2015. gada
HTK bija tika 0.3, bet 2016. gada — 1.4. Novertgjot galvinu veidoSanas intensitati
un to izméru, 2015. gada vid&ji uz viena auga veidojas no vienas lidz seSam
galvinam, tas nebija lielas (47—165 grami), bet 2016. gada parsvara veidojas tikai
viena galvina, bet tas bija lielakas neka 2015. gada (66—293 grami). Visi pétijuma
faktori butiski ietekm&jusi gan auga augstumu, gan lapu rozetes diametru
(p < 0.05). Veiktaja eksperimenta visu tris gadu perioda vidgjais augu augstums
pa variantiem vari&ja no 29 lidz 57 cm, bet lapotnes diametrs bija robezas no 58
lidz 88 cm.

Izm&ginajuma gaitda konstatéts, ka ir daudz neskaidribu par artiSoku
audzeSanu un razas ieguvi ne vien Latvija, bet arT citviet pasaul€. Turklat valstis,
kur tos audz€ visvairak, artiSoki tiek audzeti vairakus gadus pec kartas, kas
apgritina to salidzin$anu ar Baltijas valstu regiona pieredzi un iesp&jam, jo miisu
apstaklos tie neparziemo. Viennozimigi Latvija ir iespgjams iegiit artiSoku razu,
tikai ir nepiecieSami plasaki pétijjumi §1 auga fiziologisko procesu izpratnei
saistiba ar meteorologisko un agrotehnikas izstradei.
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Agroekologisko faktoru ietekme uz artiSoku galvinu
biokimisko sastavu

Abus razas gadus novertétas biokimiskas atskiribas starp visiem variantiem.
Novertgjot vidgjo hlorofila saturu artiSoku galvinas vairakas reizes vegetacijas
perioda, tas butiski atSkiras gada ietvaros (p = 0.000) un atkariba no s€klu
diedzesanas veida (p = 0.000). Augsne, kada augi tika audzgeti, to butiski
neieteckm&a (p = 0.37). Abos gados hlorofila daudzums vidgji Vvisos
eksperimenta variantos bija no 41 Iidz 114 mg 100 g svaigas masas (6. att.).
Pirmaja gada augstaks hlorofila saturs bija varianta, kur artiSoki auga
kultiraugsng, bet otraja gada bija pretgji — augstaks hlorofila saturs bija artiSoku
galvinas, kas auga reliktkarbonatiska branaugsng, bet atSkiribas bija statistiski
nebitiskas.

Novertgjot vidgjo karotinoidu saturu visa vegetacijas perioda garuma
artiSoku galvinas, ta saturs butiski atSkiras gada ietvaros (p = 0.02) un atkariba
no ta kada augsné augi tika audzeti (p = 0.01), bet séklu diedzésanas veids to
butiski neietekméja (p = 0.13). Abos gados karotinoidu daudzums vidgji visos
eksperimenta variantos svarstijas no 8.3 Iidz 12.3 mg 100 g ! svaigas masas.
Abos gados konstattta kopiga tendence, ka karotinoidu saturs nebitiski augstaks
bija kultiraugsné augusajiem augiem, iznemot 2015. gada variantu ar
nejarovizetiem digstiem, kad starp augsn€m bija biitiskas atSkiribas.

Ta ka artiSoku $kirném raksturiga liela genctiskas mainiba, vizuali bija
noveérojamas atSkiribas starp augiem antocianu raditas zilas nokrasas intensitate.
Antocianu saturu visa vegetacijas perioda garuma artiSoku galvinas bitiski
ietekmgja tikai pielietotais s€klu diedz&Sanas veids (p = 0.000). Abos gados
antocianu daudzums vid€ji visos eksperimenta variantos bija no 0.6 lidz
5.1 mg 100 g* svaigas masas robezas. [zméginajuma rezultatiem nav konstatétas
vienotas likumsakaribas antocianu veidosanas daudzuma atkariba no pétitajiem
faktoriem visu izmégindjuma gadu griezuma.
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Fig. 6. Biochemical values in heads of artichocke, mg 100 g™ fresh weight

Abos izmgginajuma gados fenolu daudzums pa variantiem varigja no 73 lidz
213 mg GAE 100 g svaigas masas. Visiem pétijuma faktoriem bija biitiska
ietekme (p = 0.00) uz fenola saturu artiSoku galvinas. Abos razas gados
konstatéta kopiga tendence, ka nebiitiski vairak fenolu sintezgjas augos, kas auga
reliktkarbonatiska briinaugsné. Tapat abos razas gados novérots, ka nebitiski
augstaks fenolu saturs bija to augu galvinas, kas audz&ti, izmantojot jarovizetas
seklas.

Izm&ginajuma statistiski bitiskas atSkiribas flavonoidu satura artiSoku
galvinas bija konstatStas starp izm&ginajuma gadiem, ka ari starp digstu
apstrades veidu (p =0.000). Augsne, kada augi tika audz&ti, to batiski
neietekm&ja. Izméginajuma ieghitas vértibas vari€ja robezas no 13 lidz
28 mg KE 100 g ! svaigas masas. Abu razas gadu rezultatos konstatéta kopiga
tendence, ka augiem, kas, audzgti bez jarovizacijas, augstaks flavonoidu saturs
bija reliktkarbonatiska brinaugsné (butiski tikai 2015. gada), savukart varianta
ar jarovizeétam séklam tie vairak sintezgjas augos, kas auga kultiraugsné (butiski
tikai 2015. gada).

Novertgjot C vitamina satura atSkiribas artiSoku galvinas starp dazadiem
pétamo faktoru variantiem, noverotas biitiskas atskiribas starp visiem faktoriem
(p < 0.05). No visam abu razas gadu vegetacijas perioda razas vakSanas reizém
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vidgji pa variantiem C vitamina saturs galvinas vari€ja robezas no 5 lidz
20 mg 100 g svaigas masas. 2015. gada biitiski augstaks C vitamina saturs bija
augiem, kas audzeti no nejarovizétiem digstiem, abas augsnés. Savukart 2016.
gada nav konstatgtas butiskas atskiribas.

Ierikotaja izméginajuma abu gadu perioda antiradikala aktivitate vidgji
varigja no 41 lidz 68%. Pec iegiitajiem rezultatiem, konstatéts, ka butiskas
atskiribas bijusas gan starp izmégindgjuma gadiem (p = 0.000), gan ari starp
augsném (p = 0.01), savukart seklu apstrades veids nav to statistiski batiski
ietekmgjis (p = 0.57). Kopuma noverojama tendence, ka augstaka antiradikala
aktivitate bija augiem, kas augusi reliktkarbonatiska briinaugsné, bet kopuma
atSkiribas bijusas nebitiskas. 2016. gada starp nevienu faktoru nav konstatetas
biitiskas atskiribas.

Fenolu un C vitaminu saturu artiSoku galvinas butiski ietekm&ja visi petamie
faktori. Hlorofila un flavonoidu saturu butiski ietekmé&ja gada un diedz&sanas
veida at$kiribas, bet karotinoidu saturu un antiradikalo aktivitati bitiski
ietekmé&ja gada un augsnes atskiribas. Antocianu saturu butiski ietekmgja tikai
digstu apstrades veids. Nereti nav konstatgta atseviska faktora biitiska ietekme,
bet kombinacija ar citu faktoru ietekme bijusi biitiska. Nav nove€rota vienota
tendence, pie kadiem apstakliem veidojas augstaks biologiski aktivo
savienojumu daudzums artiSokos. Gada ietvaros, parsvara visiem
bioktmiskajiem raditajiem 2016. gada nebija biitiskas atskiribas ne starp augsnes,
ne seklu diedzesanas variantiem.

Agroekologisko faktoru ietekme uz darzenu sojas paksu razu

Izméginajuma tris gadu perioda no 2017. lidz 2019. gadam katru gadu
atseviSki vertéta darzenu sojas pupinu paksu raza katra izmggindjuma laucina,
péc tam to parrékinot uz tha?l. Pa izméginajuma gadiem raZa pakapeniski
samazinajas.

2017. gada razu butiski ietekm&ja gan audz€Sanas veids (ar destu vai s€ja tiesi
lauka) (p = 0.000), gan arT skirne (p = 0.002). Augu biezibai netika konstat&ta
biitiska ietekme uz razu (p= 0.10). 2017. gada raza vari€ja no 6.5 Iidz 10.4 t ha!
(7. att.).
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*lielumi, kas apziméti ar dazadiem burtiem, parada statistiski butisku atskiribu (Dunkana kritérijs,
p <0.05) / values marked by differnet letters have significant difference (Duncan s criteria, p < 0.05)

Augstaka raza 10.4 t ha? iegiita $kirnei ‘Midori Giant’, to audzgjot no
déstiem, pie augstakas augu biezibas. Savukart zemaka raza ievakta Skirnei
‘Chiba Green’, ari lielakas augu biezibas varianta, s€jot tiesi lauka. Abam
Skirném noverots, ka, s€jot tiesi lauka, augstaka raza iegiita pie zemakas augu
biezibas, bet, audzgjot no stadiem, augstaka raza iegiita pie lielakas augu
biezibas. Tas biitu skaidrojams ar to, ka, s€jot tiesi lauka, augi bija kuplaki, lidz
ar to, pie lielakas augu biezibas tie viens otru vairak no€noja, lidz ar to veidoja
mazak paksu, kas samazinaja kopgjo razu. Arl statistiski veicot visu faktoru
mijiedarbibas analizi, vieniga biitiska ietekme tika konstateta audzgSanas veida
un augu biezibas mijiedarbibai (p = 0.03). Abos audz&sanas veidos un biezibas,
ka razigaka skirne 2017. gada bija ‘Midori Giant’.

Ar1 2018. gada konstatéts, ka razu butiski ietekméja gan audze$anas veids
(p = 0.000), gan ari genotips (p = 0.002), bet augu biezibai netika konstatéta
bitiska ietekme uz razu (p = 0.07). Saja gada raza varigja no 3.9 Iidz 8.6 t hat
(8. att.).
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*(lielumi, kas apziméti ar dazadiem burtiem, parada statistiski bitisku atSkirTbu (Dunkana kriterijs,
p <0.05) / values marked by differnet letters have significant difference (Duncan’s criteria, p < 0.05)

Augstaka raza (8.6 t ha'l) iegtita Skirnei ‘Chiba Green’, s&jot tiesi lauka zemakaja
augu bieziba. Savukart zemaka raza konstatéta Skirnei ‘Midori Giant’, ar1 pie
zemakas augu biezibas, bet audzgjot ar déstiem. Lai ari ne tik izteikti ka
ieprieks§€ja izméginajuma gada, ari 2018. gada konstatéts, ka, sgjot tiesi uz lauka,
augstaka raza iegiita pie zemakas augu biezibas, bet, audzgjot no déstiem,
augstaka raza iegita pie lielakas augu biezibas. STtendence gan neparadas skirnei
‘Chiba Green’, kur staditaja varianta pie lielakas augu biezibas raZa bija nebitiski
zemaka (par 0.2 t ha') neka pie zemakas augu biezibas. Tapat ka pirmaja
eksperimenta gada, arT otraja gada vieniga faktoru mijiedarbibas biitiska ietekme
konstatéta audz€Sanas veidam X bieziba (p = 0.02). 2018.gada razigaka bija
Skirne Chiba Green’.

Ar12019. gada, 1idzigi ka abos ieprieksgjos gados, razu biitiski ietekmé&ja gan
audzeSanas veids (p = 0.000), gan genotips (p = 0.007), bet augu biezibai netika
novérota bitiska ietekme uz razibu (p = 0.30). Saja gada raza svarstijas robezas
no 2.9 1idz 7.0 t ha® (9. att.). Augstaka raza — 7.0 t ha! iegtita Skirnei ‘Midori
Giant’, to audzgjot ar déstiem pie augstakas augu biezibas. Savukart zemaka raza
konstateta Skirnei ‘Chiba Green’ pie zemakas augu biezibas varianta, s§jot tiesi
lauka.
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Visos variantos augu bieziba statistiski biitiski neietekmé&ja razibu. Visos
audzeSanas variantos, iznemot skirni ‘Midori Giant’ sgjot tiesi lauka, noverots,
ka nebitiski augstaka raza bija iegiita variantos ar lielaku augu biezibu. 2019.
gada biitiska faktoru mijiedarbiba netika konstatéta nevienam faktoru parim. Saja
gada no abam parbauditajam Skirném, razigaka bija ‘Midori Giant’.

Veicot datu statistisko analizi kopa visu tris izm&gindjuma gadu rezultatiem,
statistiski butiska ietekme uz razu konstatéta gadam (p = 0.000) un audz&sanas
veidam (p = 0.000), bet skirnei (p = 0.31) un augu biezibai (p = 0.54) netika
konstateta butiska ietekme uz razibu. Tris gadu perioda paradijas vairakas
bitiskas faktoru mijiedarbibas: gads x audzESanas veids (p = 0.000),
gads x gkirne (p = 0.000), gads x bieziba (p = 0.04) un audz€Sanas veids
x bieziba (p = 0.004). legutie dati apliecina pienémumu, ka biezi vien nav
veérojama izteikta kada viena konkréta faktora ietekme uz darzenu sojas pupinu
razibu, bet to nosaka vairaku faktoru mijiedarbiba, kas turklat pa gadiem mainas.
Vislabak tas novérojams tadam faktoram ka augu bieziba. Atseviski pa gadiem
un visu gadu kopveértg§juma augu bieziba razu nav butiski ietekm&jusi, bet
mijiedarbiba ar citiem p&tamiem faktoriem ir konstateta bitiska ietekme. Par to
liecina arT dati dazadas publikacijas par citas valstis veiktiem p&tijumiem par
augu biezibu.
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Agroekologisko faktoru ietekme uz darzenu sojas pupinu
biokimisko sastavu

Sojas pupinas, salidzinajuma ar citiem pakSaugiem, ir Tpasi vertigas augsta
olbaltumvielu satura de]. Izm&ginajuma ievaktajam pupinam olbaltumvielu
saturs vari€ja no 29.60 Iidz 35.26% svaigas masas (1. tab.).

1. tabula/ Table 1
Kopproteina saturs svaigas darzenu sojas pupinas, % svaigas masas /
Protein content on fresh vegetable soy beans, % FM

Gads / Year Skirne / Variety Ausifséiasrgﬁgeids /s;ycgfsgfﬁ;?]\;\leigg
T ——
e . ——"
e  —

Novertgjot olbaltumvielu satura izmainas, redzams, ka no désta audzetajos
augos, kopprotelnu saturs augstaks bija 2017. gada (nokriSnu summa, kops
izstadisanas uz lauka 260 mm un bija vairaki periodi, kad dienas maksimala
temperatiira bija tuvu pie 30°C), bet audzgjot no seklam — 2018. gada (vegetacijas
perioda nokrisnu summa bija viszemaka — vien 140 mm, ka rezultata visus
méneSus HTK bija zem 1). Salidzinot abas Skirnes, tas ir lidzigas kopproteinu
satura zina. Nereti viena varianta abam $kirn€m tas bija loti lidzigs, atSkiroties
tikai lidz 1% robezai. Proteina saturu ietekmé genétiskas ipasibas un augSanas
vides faktori. Latvija ir iesp&jams iegiit augstu un kvalitativu darzenu sojas razu.
Darzenu sojai ir augsts potencials kliit par ekonomiski nozimigu darzeni.

Praktiskie ieteikumi

Natres

e Augstakurazu var iegiit to vacot divas reizes sezona, turklat pie $ada razas
vakSanas biezuma samazinds resursu paterins, salidzinajuma ar biezaku
razas vakSanu.

e Razas veidoSanos ietekmé meteorologiskie apstakli, jo ipasi regulars
mitruma nodro$inajums, tadel gan ierikojot stadijumu, gan ari vegetacijas
perioda ir janodrosina apiidenosana, ja ir neregulars nokrisnu daudzums.

o Retaka razas vaksana var paildzinat lauka razoSanas potencialu.
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Svarigs faktors sekmigai razas ieguvei ir nezalu ierobezoSana natru
stadfjuma — ta javeic regulari un jaizvairas, lai blakus nav nekopti lauki ar
augstu daudzgadigo nezalu izplatibu.

Natru audz&$anas tehnologijas attistiSanai un pétniecibai turpmak vartu
bt aktuali jautajumi par audzeSanas attaluma ietekmi uz razas apjomu un
stadTjumu kopS$anas risinajumiem. Tapat varétu turpinat klonu genétisko,
morfologisko un biokimisko atSkiribu izp€ti, jo izméginajuma
viennozimigi ir pieradijies, ka razas un biokimiskie raditaji ciesi korel€ ar
genotipu.

ArtiSoki

Eksperimenta pieradijas to liela genétiska mainiba. ArtiSoku audzeésana
komerciala apjoma negarant€s drosu razas iznakumu, jo ir parak daudz
fiziologisku ipatnibu un nianSu, kas ne vienmér ir kontrolgjamas, bet
ietekm@ razas iznakumu. ArtiSoku audz&Sana biis piemérota vien mazas
platibas, darzenu klasta paplaSinasanai.

Darzenu soja

Ja nav iesp&jams nodrosinat regularu apiidenosanu s€juma, tad drosaks
razas ieguves variants ir darzenu soju audzget ar déstu.

Apidenosanas sisteémas ierikosana nodrosinas droSu razas ieguvi.
Rudens salnas negativi ietekmé paksu izskatu, kas ir viens no galvenajiem
kvalitates raditajiem, tadel agraku razu nodrosinas audzesana no déstiem.
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SECINAJUMI

Visus tris izm&ginajuma gadus méslojums bitiski palielindja natru razu.
Kopuma novérota tendence augstaku natru razu iegit pie divreizgjas
vaksanas sezona, salidzinajuma ar Cetrreiz&ju razas vaksanu. Méslosanai
visliela ietekme uz razas pieaugumu bija I klonam. Variantos bez
méslojuma razigakais bija I1I klons.

Natru raza pa gadiem butiski samazinajas. Meteorologiskie apstakli
ietekméja razas vakSanas periodu — ierobezota mitruma apstaklos raza
veidojas Ieénak, pagarinot razas vaksSanas periodu.

Vacot razu Cetras reizes sezona, augstaka raza iegiita otraja razas vaksanas
reizé (40% no kopgja razas apjoma), bet razu vacot divas reizes sezona,
augstaka raza iegilita pirmaja razas vakSanas reizé (74%).

Biologiski aktivo savienojumu daudzums natru lapas pa gadiem pieauga.
Nav novérota vienota agroekologisko faktoru ietekme uz biologiski
aktivo savienojumu daudzumu natrés. Visbiezak konstatéts, ka
méslojums pozitivi ietekméja biologiski aktivo savienojumu saturu
natrés. Augstakais biologiski aktivo savienojumu saturs noteikts 1V
klonam.

ArtiSoku raza pa gadiem at$kiras. Izméginajuma iegiita raza no auga
varigja no 89 lidz 385 gramiem. Razas nestabilitates d&] artiSoki nebiis
piemeéroti audzéSanai komerciala darzkopiba.

Netika konstatéta vienota agrotehnisko faktoru un meteorologisko
apstaklu ietekme uz artiSoku razu un biologiski aktivo savienojumu
koncentraciju artiSoku galvinas.

Latvijas agroklimatiskajos apstaklos ir iesp&ams ieglit augstu un
kvalitativu darzenu sojas razu, lai gan ta pa gadiem butiski atskiras (2.9—
10.4 t ha'). Biitiski augstaka raza 2017. un 2019. gada iegiita no $kirnes
‘Midori Giant’ augiem, audzgjot no déstiem, bet 2018. gada butiski labak
razoja Skirnes ‘Chiba Green’ augi s€taja varianta. Kopproteina saturs
edamames pupinas svarstijas no 30 Iidz 35%.

Meteorologiskie apstakli ietekmgja darzenu sojas razas veidosanos. Seklu
didzibu negativi ietekm&ja mitruma trikums digsanas laika. Darzenu soja
ir jutiga ari pret pazeminatu temperatiru razas ienakSanas laika, kas
ietekmé paksu kvalitati — tas iegiist violetu krasojumu.
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INTRODUCTION

More and more consumers are taking care about healthy and balanced diet,
but it is not easy to provide it during all year around with traditional vegetables.
According to the recommendations of the Ministry of Health of the Republic
of Latvia, 0.5 kg of vegetables should be included in daily diet.! Vegetables are
rich of fibre, antioxidants, vitamins, polyphenols and minerals. The wider the
range of vegetables used in the diet, the more nutritious it is. The consumption
of new or rare vegetables would diversify the daily diet by providing consumers
with vegetables rich with biologically active compounds. There is an increasing
interest and desire of population to grow their own fruits and vegetables.
According to official data 8.0 — 8.4 thousand hectares are occupied by open field
vegetables in Latvia.? 1/3 — 1/4 of this area are kitchen gardens or small farms?®,
which often provide themselves or consumers with a broad range of vegetables,
often encouraging owners to grow new or rare vegetables. Harvesting of rare-
vegetables is mostly done by hands. Therefore, mainly small farms are interested
in growing new or rare vegetables.

The interest in using wild plants in food is increasing rapidly. However, their
distribution and availability are seasonal and changeable over the year.
Therefore, it is necessary to elaborate cultivation technologies for these plants.
In addition, wild plants have no stable and predictable nutritional value, as
compared to cultivated plants (Radman et al., 2015).

Three vegetables that could potentially be grown in Latvia for the enrichment
of the range of vegetables are assumed - stinging nettle, globe artichoke and
vegetable soybean. There are more than 1000 plants of the Urtica family in the
world, but only two species are growing in Latvia, and the stinging nettle is the
only one used in food. In terms of nutritional value, the stinging nettle is a very
valuable leafy vegetable and the earliest spring-harvest vegetable. Around 10
different species of artichoke are known worldwide, but only the globe artichoke
is cultivated mainly for food. Vegetable soya is a special type of soya with larger
seeds and a pleasant taste in the pre-maturation phase (about 80% maturity, the
pods are just starting to turn yellow) when it is used for food.

To ensure successful cultivation of these plants it is necessary to know most
important factors influencing the development and yield of these plants: soil,
temperature, humidity, light and cultivation method are among the most
important. Most research in Latvia has focused on the yield and quality of the
field and fruit crops under influence of various factors, but only few
investigations have been carried out on vegetable production.

Although these three vegetables are widely grown in other parts of the world,
there is necessity to find the most suitable growing conditions for the local
agroclimatic conditions. Therefore, experiments were established to find out the
most suitable agrotechnical factors and meteorological conditions for obtaining
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high yield of good quality of selected three vegetables not yet widely grown in
Latvia.

Aim of the thesis: to evaluate the influence of agroecological factors on the
yield and quality of rarely-grown vegetable species: stinging nettle (Urtica
dioica L.), globe artichoke (Cynara cardunculus L. var. scolymus) and vegetable
soya (Glycine max L.).

The tasks of the research:

e to evaluate the growth and development of stinging nettle, globe
artichoke and vegetable soybean under various agrotechnical factors
and meteorological conditions;

e to evaluate the influence of various agrotechnical factors and
meteorological conditions on the yield of selected vegetables;

e to determine and evaluate the changes in nutritional value of selected
vegetables under various agrotechnical factors and meteorological
conditions.

Novelty: for the first time the investigations on the influence of
agroecological factors on stinging nettle, globe artichoke and vegetable soybean
are performed in Latvia. All these vegetables are of high potential for the healthy
human diet.

Work hypothesis: ensuring suitable agrotechnical factors and reducing the
influence of unsuitable meteorological conditions can increase yield and the
content of biologically active compounds in investigated vegetables.

Scientific significance: obtained results are important and useful for
commercial vegetable production, the research gives insight in the yield
formation and crop quality changes under various agrotechnical factors and
meteorological conditions.

The results of the research were obtained in the scope of the following
projects:

1. Development of new vegetable — edamame growing technology in
organic production (2018-2019)

2.  Latvian Council of Science project No0.519/2012 ,Methods of
increasing the content of physiologically active compounds in
vegetables grown in Latvia under changing climatic conditions”
(2014-2016)

Acknowledgment to the ESF project No. 8.2.2.0/20/1/001 “LLU transition to the
new doctoral funding model”.

Approbation of research results. The results of the research were presented
in 4 oral reports and 2 posters at international conferences, and 5 oral reports and
1 poster in local scientific practical conferences. The results of the study are
published in four scientific proceedings indexed in Scopus database, six
scientific papers in other proceedings, and eight abstracts.
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MATERIALS AND METHODS

Field experiments. The research was carried out for the six years period
between 2014 and 2019. The field trials were performed in the experimental plots
at the Pare Horticultural Research Centre and Institute of Horticulture, in Piire
municipality, Tukums district. Three vegetables were studied in the trials: globe
artichoke (Cynara cardunculus L.), stinging nettle (Urtica dioica L.) and
vegetable soybean (Glycine max L.).

Stinging nettle. The trial was set up in a three-factorial design, in four
replications (2015-2017), where

o factor A — clone (clone | — Ay, clone Il — Ay, clone 111 — As, clone IV —
As);

o factor B —fertiliser (without fertiliser — B1, with fertiliser (peat — manure
compost 4 kg m?) — By);

o factor C — frequency of harvesting (two times during the growing season
when the shoots were longer than 10 cm — Cy, four times during the
growing season when the shoots were below 10 cm length — Cy).

Globe artichoke. The trial was set up in a two-factorial design, with four
replications (2015-2016, 2018), where

o factor A —soil (strongly altered by cultivation soil — Az, brown soil with
residual carbonates — Ay);

o factor B — type of treatment of germinating seeds (without vernalisation
— By, with vernalisation — By).

Vegetable soybean. The trial was set up in a three-factorial design, in four
replications (2017-2019), where:

o  factor A — variety (‘Chiba Green’ — A1, ‘Midori Giant” — Ay);

e  factor B — method of cultivation (direct sowing in the field —
Bs1, by seedlings — By);

e  factor C — plant density (13 plants m? — Cy, 20 plants m? — Cy).

Description of meteorological conditions.

Nettles. In general, the period 2015-2017 was suitable for nettle cultivation.
The spring of 2015 was the most suitable for a regular harvest, due to a steady
and regular precipitation. In 2016, the first and third decades of May were
without rainfall, which had a negative effect on the formation of the yield, while
the second decade had 57 mm of precipitation. The spring of 2017 was
characterised by a longer draught period, resulting in longer intervals between
harvest times. In May, the total precipitation was only 12 mm. The earliest first
harvest was in 2017.

Artichoke. The years 2015 and 2016 were the best years for growing
artichokes in terms of humidity and temperature. In 2018, the summer months
had the highest average temperatures, but the lowest precipitation.
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Vegetable soybean. The vegetation period of all three years of trial had
favourable meteorological conditions for vegetable soybean growing and
development. However, there were also some periods with notable differences
from the optimal and long-term observed meteorological conditions. 2019 was
the warmest year, in some periods average air temperature reached up to 30 °C.
The main problem, especially in 2018 and 2019, was insufficient precipitation in
May, when soil moisture is very important for the successful germination of
vegetable soybean seeds.

Observations and analyses. Plant morphological measurements were
performed for all three vegetables species included in the trials, yield measured
and the level of bioactive compounds determined.

For artichokes, plant height and leaf rosette diameter were measured for all
plants in the experimental plot at the first harvest of the season. Diameter and
weight were determined for all artichoke heads at each harvest time. Total yield
in grams per plant was calculated for each harvest through the season. The
content of pigments, phenols, flavonoids, vitamin C and antiradical activity in
artichoke heads were determined at each harvest.

For nettles, the height and weight of 10 plants were determined at each
harvest. For yield accounting, all plants were cut from each experimental plot,
weighed and the yield was recalculated to g m2. The content of pigments,
phenols, flavonoids, vitamin C and antiradical activity in nettle leaves was
determined in the laboratory at each harvest.

For vegetable soya, 10 plants from experimental plot were analysed at each
harvest time: plant height, distance the first pod height from the soil surface, plant
weight, number of pods and their weight per plant were measured. Yield
accounted from each experimental plot, the pod yield weighed and the yield
recalculated to t ha™.

Biochemical analyses were performed at the Institute of Soil and Plant
Sciences, Faculty of Agriculture, Latvia University of Life Sciences and
Technologies. The crude protein content of edamame beans was determined by
the Kjeldahl method at the Biotechnology Research Laboratory.

e The chlorophyll and carotenoid contents were determined
spectrophotometrically in ethanol, the light absorbance of the solution
was read at 665 nm, 649 nm and 440 nm wavelengths. The content of
chlorophyll and carotenoid in the plant material was expressed as mg
100 g fresh weight (Linchtenthaler, Buschmann, 2001).

e The ascorbic acid content was determined titrimetrically using by titration
of the filtrate with 0.001 M iodine to blue colour, 1% starch was added to
the sample before titration. The content of ascorbic acid in the plant
material was expressed as mg 100 g fresh weight (Moor et al., 2005).

e The anthocyanin content was determined spectrophotometrically and the
light absorbance of the solution was read at 535 nm. The content of
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anthocyanin in the plant material was expressed as mg 100 g fresh
weight (Moor et al., 2005).

e The phenolic content was determined spectrophotometrically; the light
absorbance of the solution was read at 320 nm. The content of phenols in
the plant material was expressed as mg gallic acid equivalent 100 g fresh
weight (Singleton et al., 1999).

e Flavonoids were determined spectrophotometrically; the light absorbance
of the solution was read at 415 nm. Flavonoids content in the plant
material was expressed as mg catechin equivalent 100 g fresh weight
(Kimetal., 2003).

e Antiradical activity was determined spectrophotometrically, the light
absorbance of the solution was read at 517 nm, expressed as % (Barros et
al., 2007).

Mathematical data processing was performed using Microsoft Excel 2016
and STATISTICA TM. The data were processed using single factor, two factor
and multifactorial dispersion analysis, correlation and regression analysis,
descriptive statistics. Duncan's criterion was used to assess the significance of
the data, which is indicated in the graphs and the least significant difference
(LSD) between individual factor values is indicated in some of the graphs. A
95% confidence level was used to determine the significance of the difference
between the variables.
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RESEARCH RESULTS AND ANALYSIS

Influence of agroecological factors on fresh nettle yield

In the first year nettle yield per m? in average from all experimental variants
ranged between 60 and 410 g (Fig. 1). Statistically significant influence was
observed only for fertilisation (p = 0.000). Other factors (clone and frequency of
harvesting) and the factors interaction did not have a statistically significant
effect on the nettle yield. The largest differences between fertilisation variants
were found when yield harvested for two times per season. Significantly higher
yield was harvested in the fertilized plots. Statistically significant influence of
fertiliser on the yield was not observed in the variant with four harvest times per
season. Clone Ill had the highest yield and clone | the lowest in the variant
without fertiliser. In the variant with fertiliser, the highest yield was obtained
from clone 1. This indicates that this clone was the most responsive to fertiliser.
In the variants without fertiliser, yield ranged between 60 to 187 g m™, while in
variant with fertiliser, yield ranged between 238 to 410 g m.

In the first year plants were well developed and grew vigorously, even in
short drought periods yield was harvested regularly with relatively equal
intervals between harvest times - on average every two weeks. The harvesting
period was lasting from April 17 to May 15. In the variant with four harvest
times, the highest yield was obtained at the second harvest time, between 29 %
and 51 % of the total yield. A similar percentage of the total harvest was obtained
at the first harvest time (22-43%). At the third and fourth harvest times the yield
was similar (11-21%). However, in the variant with two harvest times yield was
65-82% and 18-35% of the total harvest at the first and second harvest time,
respectively.

In the second year yield formation tendency was observed similar as in the
first year. Statistically significant influence on the yield was observed only for
fertiliser application (p = 0.000). Yield per m? from all experimental variants in
average ranged between 38 and 273 g (Fig. 2). In 2016, similarly as in 2015,
higher yield was obtained in the variant with fertiliser and from experimental
plots where yield was harvested two times during vegetation period, although in
this year the vyield differences between harvest frequency was not found
significant. This suggests that intensive harvesting weakens the plants: already
after the first year in the variant with more intensive harvesting, weaker plant
development was observed the following year, which was reflecting in the yield.
In the second harvest year, similarly as in the first year, the highest yields were
obtained from clone IIl and the lowest from clone I in the variant without
fertiliser. The tendency of clone | to react on nutrient supply was confirmed as
well. In 2016, there was less rainfall in spring and early summer, which affected
the intensity of plant biomass formation and therefore the amount of yield. The
harvesting period was longer than in the first year, it lasted from April 17 to May
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8. When nettle was harvested for four times per season, depending on the clone,
the highest yield was obtained in the second and third harvests in the non-
fertilised variant and in the first or second harvest in the fertilised variant. In the
variant with two harvests, 3/4 of the total yield (69-75%) was harvested in the
first harvest.

In the third harvest year, there was stated the statistically significant effect of
the interaction of all factors (clone, harvest frequency and fertiliser application)
on nettle yield (p = 0.003). Statistically significant differences were also
observed for each factor separately (p = 0.000). Yield per m? from all
experimental variants average ranged between 22 and 177 g (Fig. 3). In the third
harvest year, the tendency to have the higher yields in the fertilised variant was
continued, but the differences between the fertilised variants were less expressed
than in the previous years when it was harvested for two times. In the variant
without fertiliser application, the previously observed trend of lower yields for
clone | and higher yields for clone 111 was not observed in both harvest frequency
variants. This tendency was only observed in the variant with four harvest times
per season. 2017 was characterized by the lowest rainfall in the spring-early
summer period. The soil warmed up faster than in other years, so that the first
harvest took place already on April 12, but the nettles grew more slowly after
each harvest due to lack of moisture and harvesting continued until 20 June. With
four harvests per season, the highest total yield was obtained at the third harvest
(30-41%) in all variants on average. With two harvests per season, very similar
yields in most variants was observed in both harvest times. In the first harvest, it
was between 55 % and 64 % of the total yield.

All three years of the trial show statistically significant effects for fertiliser
(p = 0.000), harvest frequency (p = 0.009) and harvest year (p = 0.000). Yield
decreased significantly from year to year, and at higher yielding variants, the
yield decreased more rapidly from year to year. The results show that the yield
decreased gradually and that the larger decrease in yield per year was in the
fertilised variant.

Influence of agroecological factors on biochemical content of
nettles

Overall, the three factors (year, harvesting frequency, clone) had a significant
effect on the chlorophyll content of nettle leaves (p = 0.000), but not on fertiliser
application (p = 0.62). When evaluating the mean values of all variants over a
three-year period, the chlorophyll content varied from 162 to 263 mg 100 g*
fresh weight. With a few exceptions, the chlorophyll content was overall higher
in each following year compared to the previous years. Analysing the nettles
grown in the different variants throughout the trial, it was found that, on average,
clone IV had the highest chlorophyll content (216 mg 100 g™ fresh weight) and
clone I the lowest (193 mg 100 g™ fresh weight) (Fig. 4).
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The carotenoid content was significantly affected by factors such as year and
frequency of harvest (p = 0.000), while clone and fertiliser had no significant
effect on the carotenoid content of the plants. Averaged over all treatments, the
carotenoid content varied from 40 to 58 mg 100 g* fresh weight. The results do
not show a clear tendency for the carotenoid content changes in the nettle plants.
Also, there was not observed clear response of any clone to the fertiliser
application regarding the carotenoid content. Clone | had the lowest carotenoid
content, clone IV the highest, but the differences were not significant (48-50 mg
100 g fresh weight).

All factors had a significant effect on the anthocyanin content of nettle
leaves (p = 0.000). The average of all variants showed a range of anthocyanin
content from 0.6 to 4.3 mg 100 g* fresh weight. In general, the anthocyanin
content was higher in the unfertilised variant. Like carotenoids, anthocyanins
content was lowest in clone | and highest in clone 1V, ranging from 2.3t0 2.8 mg
100 g fresh weight between clones.

In the three years of the trial, the analysis of the phenols content showed that
all the factors had a significant effect on its content (p = 0.000), except fertiliser
application (p = 0.59). When the results of the averages of all the variants were
evaluated separately by clone, the phenolic content ranged between 216 and 523
mg gallic acid equivalent (GAE) 100 g fresh weight. With a few exceptions and
depending on the clone, it was generally found that the phenolic content was
higher in the fertilised variant at both harvesting regimes. Clone | had the highest
phenolic content in nettle leaves (345 mg GAE 100 g* fresh weight) and clone
IV the lowest (327 mg GAE 100 g* fresh weight).

The analysis of flavonoid content showed significant effects for all factors (p
= 0.000). When the averages of all the variants from all harvests were analysed,
the flavonoid content varied from 138 to 274 mg catechin equivalent 100 g fresh
weight. Overall, there was found a tendency for the amount of flavonoids in
nettle leaves to increase with each harvest year. Clone IV had the highest
flavonoid content.

Evaluating the vitamin C content, all the factors had a significant effect on
the vitamin C content of nettle leaves (p = 0.000). Averaged over all variants, the
vitamin C content varied from 115 to 317 mg 100 g* fresh weight. For both
harvesting schemes, there was an overall tendency for higher vitamin C content
in the fertilised variants. The vitamin C content was significantly higher in clone
IV (244 mg 100 g fresh weight), while in the other clones it ranged from 190 to
231 mg 100 g* fresh weight.

The three-year evaluation of antiradical activity showed significant effects
for all factors investigated (p < 0.05). On average across all harvests, the
antiradical activity was detected between 27 and 46%.

The effects of year, fertiliser and harvesting frequency and the differences
between clones were evaluated. It was found that anthocyanin, flavonoid,
vitamin C content and antiradical activity were affected by all the factors
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investigated. The content of chlorophyll and phenols were influenced by all the
factors studied, except fertiliser. Carotenoid content was influenced by the year
of the harvest and the frequency of harvesting.

In general, the amount of bioactive compounds in nettles has gradually
increased over the years. There was no common tendency observed for higher
levels of biologically active compounds in the plants depending on the harvesting
scheme. Similarly, no common tendency was found in the influence of fertiliser
variant on the level of biologically active compounds in the nettle leaves. From
the results obtained, it can be concluded that clone IV was the most valuable
regarding biochemical compounds.

Influence of agroecological factors on the artichoke yield

Artichokes were grown for three years in the trial, but yield was obtained
only for two years, because in the third year of the experiment, due to
unfavourable meteorological conditions the plants did not develop any
inflorescence. It should be noted that not only the plants of vernalisation
treatment, but also plants grown without vernalisation yielded in both years of
harvest. This indicates that natural vernalisation took place — the plants were
exposed to a natural period of low temperatures after planting in the field at the
end of May, when the average night temperature was below 5 °C for several days
and the average daily temperature did not exceed 15 °C for two weeks.

When the average yield per plant over the whole growing period was
evaluated, there was stated significant difference in average yield per plant over
the whole growing period between the experimental years and between both soils
(p = 0.000). The sprout treatment (with vernalisation or without vernalisation)
had no significant effect on the yield (p = 0.07). There was stated a significant
interaction between all combinations of factors except year x type of sprout
treatment (p = 0.18). The obtained yield varied from 89 to 385 grams per plant
across all the variants (Figure 5).

In 2015 there were observed significant differences in yield between soils (p
= 0.002) and the type of sprout treatment (p = 0.04). However, in 2016, no
significant effect on the yield was found for all factors. Comparing the both
years, the higher artichoke yield was harvested in 2016, when the average air
temperature was higher and the moisture conditions was better. It was approved
also by calculating the hidrotermical coefficient (HTC) values. In August, when
the harvest period started, the HTC was 0.3 in 2015 and 1.4 in 2016. In the
evaluation of the intensity of head formation and their size, in 2015 on average
between one and six heads were developed per plant and they were not large (47—
165 grams), whereas in 2016 only one head per plant was developed in most
cases, but they were larger than in 2015 (66—293 grams). All the factors in the
experiment had a significant effect on plant height and rosette diameter (p <
0.05). In the experiment carried out over the three years, the average plant height
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varied between 29 and 57 cm between the treatments, while the diameter of the
leaf rosette ranged from 58 to 88 cm.

The trial has shown that there is a lot of confusion about artichoke cultivation
and yielding not only in Latvia but also in other parts of the world. In addition,
in the countries where they are grown most often, artichokes are grown as
perennial plants, which makes it difficult to compare with the experience and
possibilities in the Baltic region, due to impossible plants overwintering on the
field in our conditions. It is possible to produce artichokes in Latvia, but more
research is needed to understand the physiological processes of the plant in
relation to agroecological conditions and to develop corresponding growing
technology.

Influence of agroecological factors on biochemical content of
artichokes heads

Differences in biochemical content of plants between all variants were
evaluated in both years of harvest. The average chlorophyll content of artichoke
heads significantly differed between years (p = 0.000) and between seeds
treatments (p = 0.000) when evaluated several times per season. It was not
significantly affected by the soil (p = 0.37). In both years, the average chlorophyll
content in all experimental variants ranged from 41 to 114 mg 100 g* fresh
weight (Fig. 6). In the first year, the higher chlorophyll content was in plants
grown in the strongly altered by cultivation soil, while in the second year the
opposite tendency was observed: the higher chlorophyll content was in the
artichoke heads grown in the brown soil with residual carbonates, but it should
be stressed that the differences were not statistically significant.

The average carotenoid content of artichoke heads over the growing season
was significantly different between years (p = 0.02) and between soils (p = 0.01),
but was not significantly affected by the type of seed treatment (p = 0.13). In
both years, the carotenoid content on average in all experimental variants ranged
from 8.3 to 12.3 mg 100 g* fresh weight. In both years, there was observed a
common tendency for the carotenoid content to be not significantly higher in the
cultivated soil, except in 2015 for the variant without vernalization treatment,
when there were observed significant differences between the soils.

The high genetic variability of the artichoke varieties resulted in visual
differences in the intensity of the blue colour hue produced by the anthocyanins.
Only the seed treatment had a significant effect on the anthocyanin content in the
artichoke heads throughout the growing season (p = 0.000). In both years, the
anthocyanin content averaged over all experimental variants ranged from 0.6 to
5.1 mg 100 g* fresh weight. The experimental results did not show a common
tendency for anthocyanin production depending on the factors studied in all the
experiment.
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In both years of the trial, the phenolic content varied from 73 to 213 mg GAE
100 g* fresh weight. All factors in the trial had a significant influence (p = 0.00)
on the phenolic content of artichoke heads. In both harvest years, there was a
common tendency more phenolics to be synthesised in plants growing on brown
soil with residual carbonates (differences were not significant). Similarly, in both
harvest years, the phenolic content was not significantly higher in the heads of
plants grown by vernalisation treatment.

Statistically significant differences in flavonoid content of artichoke heads
were observed between trial years as well as between type of sprout treatment (p
= 0.000). The soil type did not have a significant effect. The values of flavonoid
content obtained in the trial ranged from 13 to 28 mg catechin equivalent 100 g *
fresh weight. A common tendency was observed in both crop years: plants grown
without vernalization had a higher flavonoid content in brown soil with residual
carbonates (significant only in 2015), while in the variant with vernalisation more
flavonoids were synthesised in the plants grown in strongly altered by cultivation
soil (significantly only in 2015).

The differences in the content of vitamin C in artichoke heads were
significant between all tested factors (p < 0.05). From all harvests of the two
years, the average vitamin C content of the heads varied between 5 and 20 mg
100 g* fresh weight per variant. In 2015, the content of vitamin C was
significantly higher in vernalised plants in both soils. However, no significant
differences were observed in 2016.

In both years the average antiradical activity varied from 41% to 68%. There
were stated significant differences between years (p = 0.000) and between soils
(p = 0.01), while type of seed treatment did not have a statistically significant
influence on the antiradical activity (p = 0.57). In general, there was observed
tendency for higher antiradical activity in plants grown on brown soil with
residual carbonates, but overall the differences were not significant. In 2016,
there were no significant differences between any factors.

The phenols and content of vitamin C in artichoke heads were significantly
influenced by all the factors tested in the trial. The chlorophyll and flavonoid
contents were significantly affected by meteorological differences of years and
type of seed treatment, while the carotenoid content and antiradical activity were
significantly affected by differences of the years and soils. Only the vernalisation
had a significant effect on anthocyanin content. Often no significant effect was
found for a single factor, but in combination with other factors the effect was
significant. There was not observed common tendency for particular conditions
to ensure higher level of bioactive compounds in artichokes. For the year 2016,
for most biochemical parameters, there was not found significant difference
between soil and type of seed treatment.
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Influence of agroecological factors on vegetable soya pods
yield

During the three years of the trial, from 2017 to 2019, the vegetable soya pod
yield was evaluated separately for each year in each of the trial plots, and then
recalculated to t ha*. The yield gradually decreased over the trial years. In 2017,
yield was significantly influenced by the method of cultivation (by planting
seedlings or direct sowing in the field) (p = 0.000) and by the variety (p = 0.002).
No significant effect on yield was detected for plant density (p = 0.10). The yield
in 2017 varied between 6.5 and 10.4 tha? (Fig. 7). The highest yield was
obtained for ‘Midori Giant’, grown from seedlings at the highest plant density,
with a yield of 10.4 t hal. The lowest yield was obtained for the variety ‘Chiba
Green’, also at the highest plant density, sown directly in the field. For both
varieties, it was observed that when plants are sown directly in the field, the
highest yield was obtained at the lowest plant density, while when grown from
seedlings, the highest yield was obtained at the highest plant density. This could
be explained by the fact that by the sowing directly in the field, the plants were
more branched, so that at higher plant density they shaded each other more, thus
forming less pods, which reduced the total yield. Also, statistical analysis of the
interaction of all factors, highlighted the only significant effect for the interaction
of cultivation method and plant density (p = 0.03). In both cultivation methods
and plant densities, ‘Midori Giant’ was the highest producing variety in 2017.

In 2018, vegetable soya yield also was significantly affected by the
cultivation method (p = 0.000) and variety (p = 0.002), while plant density had
no significant effect on the yield (p = 0.07). In this year, yield varied from 3.9 to
8.6 t ha! (Fig. 8). The highest yield (8.6 t ha') was observed for ‘Chiba Green’
when sown directly in the field at the lowest plant density. The lowest yield was
recorded for ‘Midori Giant’, also at the lowest plant density, but grown by
seedlings. Although not as strongly as in the previous trial, also in 2018 it was
found that when sown directly in the field, higher yield was obtained at the lowest
plant density, while when grown from seedlings, higher yield was obtained at the
highest plant density. This tendency is not the case for the variety ‘Chiba Green’,
where the yield at the highest plant density was lower (not significantly, only by
0.2 t ha'?) than at the lowest plant density. As in the first year of the experiment,
the only significant effect of the interaction of factors was found for cultivation
method x plant density (p = 0.02). In 2018, the most productive variety was
‘Chiba Green’.

In 2019, similarly as in the two previous years, yield was significantly
influenced by cultivation method (p = 0.000) and variety (p = 0.007), while plant
density had no significant effect on the yield (p = 0.30). In this year, yield ranged
between 2.9 and 7.0 t ha! (Fig. 9). The highest yield of 7.0 t ha"* was obtained
for ‘Midori Giant” when grown by seedlings at the highest plant density. The
lowest yield was observed for ‘Chiba Green’ at the lowest plant density when
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sown directly in the field. In all variants, plant density had no statistically
significant effect on the yield. In all variants, except for ‘Midori Giant’ sown
directly in the field, it was observed that yield was significantly higher in the
variants with higher plant density. In 2019, no significant interaction was found
for any combination of factors. In this year, ‘Midori Giant” had the highest yield.

Statistical analysis of the data for all three years of the trial showed a
statistically significant effect of year (p = 0.000) and cultivation method (p =
0.000) on the yield, but not significant effect of variety (p = 0.31) and plant
density (p = 0.54). Over the three-year period, several significant interactions
between the following factors were found: year x cultivation method (p = 0.000),
year x variety (p = 0.000), year x density (p = 0.04) and variety x density (p =
0.004). The data confirm the hypothesis that the effect of a single factor on
soybean yield is often not determined by a single factor, but by the interaction of
several factors, which, over the years, vary. This is clearly observed for such
factor as plant density. Per each year and in total over the years, plant density
had not a significant effect on the yield, but in interaction with the other factors
a significant effect has been observed. This is also shown by the data in several
publications on research on plant density carried out elsewhere.

Influence of agroecological factors on biochemical content of
vegetable soya beans

Soya beans are valuable in the human diet for the high protein content. The
protein content of the beans in the trial varied from 29.60 to 35.26% fresh weight
(Table 1). It was observed that plants grown from seedlings had the highest crude
protein content in 2017 (total rainfall during vegetation period was 260 mm and
there were several periods of maximum daily temperature close to 30°C), while
plants grown by direct sowing in the field had the lowest protein content in 2018
(total rainfall during the vegetation period was only 140 mm, resulting in HTK
below 1 for all months). There was not stated significant differences in the crude
protein content between varieties. Often, in one variant, the content was very
similar between the varieties, differing only by 1%. In Latvia it is possible to
obtain a high and good quality yield of vegetable soya. Vegetable soya has a high
potential to become an economically important vegetable crop in Latvia.

Practical recommendations

Nettles
e  Higher yield can be achieved by harvesting two times per season,
furthermore this harvesting frequency reduces labour consumption
compared to more frequent harvesting.
e  The formation of the yield depends on agrometeorological conditions,
especially on the regular and sufficient moisture. This clearly indicates
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that irrigation must be provided at planting and during the growing
season to secure yield in the case of irregular or lacking rainfall.

Less intensive harvesting may prolong the production potential of the
plantation.

Weed control prior plantation establishment is an important factor for a
successful harvest. It should controlled regularly during the plantation
life, also in the neighbouring fields or field edges.

The impact of plant density and planting management on the yield could
be of interest for future research and development of nettle cultivation
technology. Further research could also be developed on genetic,
morphological and biochemical differences between clones, as the trial
has clearly demonstrated that yield and biochemical parameters strongly
correlate with genotype.

Artichokes

The experiment has shown the high genetic variability of artichokes.
Growing artichokes in a commercial scale will not guarantee a reliable
yield due to too many physiological nuances affecting the yield.
Artichoke cultivation has potential only for small scale farms, to extend
the vegetable diversity.

Vegetable soya

The irrigation system will guarantee a stable yield.

In the case of lacking the regular irrigation possibilities in the vegetable
soya field, an option for the safer yield is to grow vegetable soya from
the seedlings.

Autumn frosts have a negative effect on the appearance of the pods,
which is one of the main quality indicators. Growing from the seedlings
will provide an earlier harvest.
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CONCLUSIONS

In all three years of the trial, fertilisation significantly increased nettle
yield. In general, there was observed the tendency for higher nettle
yielding in the variant of two-times harvesting per season compared to
four-times harvesting per season. Fertilisation had the largest effect on the
yield increase in the clone 1. In the variants without fertiliser, clone 111 was
the most productive.

Nettle yields decreased significantly over the years. Meteorological
conditions influenced the harvesting period, yield was forming slower
under limited moisture, so extending the harvesting period.

Four harvests per season ensured the highest yield in the second harvest
(40% of the total yield), while two harvests per season produced the
highest yields in the first harvest (74%).

The amount of biologically active compounds in the nettle leaves
increased over the years. There was no found common clear effect of
particular agroecological factors on the amount of biologically active
compounds in the nettle. Fertiliser mostly positively influenced the content
of biologically active compounds in nettles. The highest content of
biologically active compounds was observed in clone 1V.

Avrtichoke yield varied from year to year. The yield per plant in the trial
ranged from 89 to 385 grams. Artichokes will not be suitable for
commercial horticulture due to yield instability.

No common effect of agronomic factors and meteorological conditions on
artichoke yield and the concentration of bioactive compounds in artichoke
heads was found.

It is possible to reach high yield of good quality for vegetable soya in
Latvian agroclimatic conditions, although yield significantly varied from
year to year (2.9-10.4 t ha?). In 2017 and 2019, significantly higher yield
was obtained from variety ‘Midori Giant’ grown from seedlings, while in
2018 significantly better yield was obtained from plants of variety ‘Chiba
Green’ grown by direct sowing in the field. The crude protein content in
edamame beans ranged from 30 to 35%.

Meteorological conditions influenced the development of vegetable
soybean yield. Seed germination was negatively affected by the lack of
moisture during germination. VVegetable soy beans are also sensitive to low
temperature at maturation period, which affects the quality of the pods,
causing colouring into purple hue.
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