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IEVADS

Kartupelu (Solanum tuberosum L.) raZoSana ir viena no butiskam
laukkopibas nozarém Latvija, kas nodroSina kartupelus tieSam pat€rinam un
parstradei. Viens no tas attistibas prieks$noteikumiem ir kvalitativa s€klas
materiala pieejamiba un izmanto$ana. Zinatnieki pasaulé prognozg, ka sakara ar
klimata parmainam un pieaugoso slimibu, taja skaitd virusslimibu, izplatibu,
kartupelu seklaudze$anai labveligakie rajoni arvien vairak novirzisies uz Ziemelu
regioniem. Sobrid ES un Latvija pastavoda kartupelu séklaudze$anas shéma
nosaka, ka lidz sertificétam séklas materialam iesp&amas 7 lauka paaudzes.
Tomér Ziemelvalstu pétnieki paredz, ka patogénu izplatiba btiski pieaugs art
Saja regiona. Latvijas apstaklos jau Sobrid kvalitativa seklas materiala audzesana
uz lauka ir apgriitinata, jo ir augsta kartupelu virusu parnes€ju (laputu — Aphis
spp.) izplatiba. Viens no risindjumiem, ka paaugstinat s¢klas pieejamibu, ir
sikbumbulu (PBTC kategorijas s€klas materials) audzeSanas efektivitates
palielinasana segtas platibas. Jau sikbumbulu audz&Sanas procesa palielinot
iegiitas s€klas iznakumu, biitu iespSjams samazinat lauka paaudzu skaitu, kas
1pasi nozimigi varétu bt Skirn€m, kuras ir vairak ien€migas pret virusslimibam.
Vairakas valstis (pamata Dienvidamerika, Afrika un Azijd) jau ir ieviesta ta
deveta 3G stratégija, kas paredz iegit sertificétu séklu tris lauka paaudzes. Lai
sasniegtu 3G stratégijas mérki, uzsvars tiek likts uz pirmas séklu paaudzes, jeb
stkbumbulu razosanas apjomu palielinasanu.

Latvija Iidz Sim maz veikti petijumi kartupelu s€klaudzeéSana, ipasi
sakotngja scklaudzésana. Nozimigakie pétijumi lidz 20. gs. 90. gadu sakumam
veikti saistiba ar virusslimibu ietekmi uz razu kartupelu stadijumos. Tapat
pagajusaja gadsimta ir bijusi atseviski peétfjumi par kartupelu s€klas razu atkariba
no iestadito bumbulu lieluma un stadi$anas attaluma starp tiem. Sikbumbulu
audzeSanas tehnologijas (audzésana kastés, pléves dob&s un rulonos) uzsaktas
pétit §T gadsimta sakuma, tomér par rezultatiem publicéts tikai viens darbs.

Arzemju pieredze sikbumbulu audzesana ne vienmer ir tie$i izmantojama,
jo kritiski javerté iesp&jas ieguldit papildus resursus gan tehnologijas, gan
darbaspéka. Art arzemés ir veikts saméra maz tadu pétijumu, kuros blitu verteta
sikbumbulu audz&$anas efektivitate ne tikai per se, bet gan sasaistot to ar
pavairoSanas koeficientu pirmaja lauka paaudzg. Reti vert€ta sikbumbulu
audzesanas ekonomiska efektivitate, bet Latvija lidz $im nav bijusi $ada veida
pétijumi. Izveértgjot kvantitativos razas datus pirmaja lauka paaudzg, pétijjumos
maz pieversta uzmaniba tiesi s€klas iznakumam atkariba no iestadito stkbumbulu
izm@ra vai masas.

Trukst informacijas ar par mikroaugu in vitro audze$anas tehnologijas
(modificéta barotne, dazadi audz€Sanas trauki) iesp&amo pecietekmi uz
sikbumbulu razu siltumnicd un iesp&jam samazinat razosanas izmaksas,
vienkarsojot pielietotas tehnologijas.



Pétljuma merkis

Izvertet kartupelu sikbumbulu razoSanas efektivitates paaugstinasanas
iesp€jas atkariba no mikroaugu stadiSanas biezibas siltumnica, lai nodroSinatu
augstu un kvalitativu nakamas kategorijas kartupelu s€klas materiala razu lauka
apstaklos.

Darba uzdevumi

1. Novertet kartupelu mikroaugu stadijuma biezibas paaugstinasanas ietekmi uz
sikbumbulu raZzu raksturojo$iem raditajiem siltumnica dazadam $kirném.

2. Izvertet sikbumbulu frakcijas ietekmi uz kartupelu augu attistibu un seklas
bumbulu razu pirmaja razoSanas gada uz lauka dazadam skirném.

3. Noteikt lauka vertibu siltumnicas platibas vienibai un vienam mikroaugam,
atkariba no to stadiSanas biezibas siltumnica.

4. Veikt mikroaugu stadiSanas biezibas izmainu ekonomiskas efektivitates
izvertejumu.

5. Noskaidrot mikroaugu audz&$anas panémiena ietekmi Uz mikroaugu
morfologiskajam pazimém un sekojosu pécietekmi uz sikbumbulu skaitu un
razu siltumnica.

Darba hipotéze

Kartupelu sikbumbulu audzgSanas agronomisko efektivitati iesp&jams
paaugstinat, neveicot nozimigus finansialus un tehnologiskus ieguldijumus,
tomér agronomiski efektivaka audzeéSanas tehnologija ne vienmér ir ari
ekonomiski efektivaka.

Aizstavamas tezes

1. Sabiezinot kartupelu mikroaugu stadijumu siltumnica, sikbumbulu skaits
laukuma vieniba bitiski pieaug, bet samazinas viena sikbumbula masa.
Vienlaicigi samazinas ari sikbumbulu skaits no viena mikroauga jeb
pavairo$anas koeficients.

2. Kartupelu augu attistiba no stkbumbuliem un ieglistamo seklas bumbulu raza
(skaits un masa no platibas) ir atkarigi no iestadito sikbumbulu lieluma
(frakcijas). Pastav bitiskas atSkiribas starp Skirném.

3. Lauka vertiba siltumnicas platibas vienibai pieaug, paaugstinot mikroaugu
stadiSanas biezibu, bet tai pasa laika lauka vertiba vienam mikroaugam
samazinas.

4. Paaugstinot mikroaugu stadiSanas biezibu siltumnica, pieaug to audz&Sanas
agronomiska efektivitate (sikbumbulu skaits 1 m? un 1 m? lauka vértiba), bet
ekonomiska efektivitate ir atkariga no mikroaugu un sikbumbulu vértibas: vai
ta ir paSizmaksa vai tirgus cena.

5. Mikroaugu pavairo$anai pédgja pasaza izmantota panémiena vienkarSoSana
lauj samazinat mikroaugu razosanas izmaksas, neatstajot negativu ietekmi uz
sekojoso sikbumbulu razu.



Promocijas darba novitate

1. Latvija nav verteta augu attistiba un raza no sikbumbuliem pirmaja lauka
paaudzg atkariba no to lieluma (frakcijas).

2. Apvienojot datus par sikbumbulu audzgsanas rezultatiem siltumnica atkariba
no pielietotas mikroaugu stadiSanas biezibas un attiecigaja tehnologija iegtito
sikbumbulu agronomisko sniegumu lauka apstaklos atkariba no to lieluma
(frakcijas), izveidots inovativs lauka vertibas koncepts un atbilstosas
formulas.

3. Lidz Sim Latvija nekad nav veikts sikbumbulu audze$anas ekonomiskas
efektivitates izvertgjums atkariba no pielietotas audzeSanas tehnologijas.
Pirmo reizi Latvija pielietota parciala budzeta un robezieneémumu likmes
analize, lai noverteétu audzesanas tehnologijas izmainu ekonomisko efektu.

4. Latvija Iidz Sim nav vertets mikroaugu audz€Sanas panémiena ietekmée
radusos kartupelu augu morfologijas izmainu iesp&jamais pécefekts uz
stkbumbulu razu siltumnica.

Pétijuma rezultatu aprobacija

Par §1 pétijuma rezultatiem sagatavotas 7 publikacijas, piecas no tam
indeks&tas Scopus vai Web of Science datubazes. Sniegti 6 mutiskie un 5 stenda
zinojumi zinatniskas konferenc@s un seminaros.



MATERIALI UN METODIKA

Promocijas darba pétijuma eksperimentala dala veikta laika perioda no
2014. 1idz 2017. gadam kopa trTs izm&ginajumos.

Laika no 2014. lidz 2016. g. veikti divi atseviski izm&ginajumi, kuros
izmantotas trs kartupelu skirnes ‘Monta’ (agrina $kirne), ‘Prelma’ (vidgji agrina)
un ‘Mandaga’ (vidgji velina), kuras izveidotas Agroresursu un ekonomikas
instittta (AREI):

I Izméginajums sikbumbulu audze$anas siltumnica, lai noveértétu
mikroaugu  stadijuma  biezibas  (audz&$anas  tehnologijas)
paaugstinaSanas ietekmi uz sikbumbulu raZu raksturojoSiem
raditajiem siltumnica dazadam Skirném. Iegiitie dati izmantoti
agronomiskas un eckonomiskas efektivitates novertéSanai, lauka
vertibas aprékinasanai.

I. Lauka izméginajums, lai izvertetu sikbumbulu frakcijas ietekmi uz
kartupelu augu attistibu un se€klas bumbulu razu pirmaja razosanas
gada uz lauka dazadam Skirném. legitie dati izmantoti agronomiskas
un ekonomiskas efektivitates novértéSanai, lauka vértibas
aprékinasanai.

2014. un 2017. gada veikts kombinéts izméginajums, lai noskaidrotu
barotnes sastava un mikroaugu audz€S$anas trauka ietekmi uz mikroaugu
morfologiskajam pazimém un sekojosu pécietekmi uz sikbumbulu skaitu un razu
siltumnica. Vertetas divas Skirnes (‘Monta’ un ‘Prelma’). Izméginajums veikts
divos posmos.

Il.a. Izméginajums laboratorija, mikroaugu pavairoSanai izmantojot
dazadas barotnes un audzéSanas traukus, rezultata novértéta
mikroaugu morfologija atkariba no audz&$anas varianta.

Ill.b. Izméginajums siltumnica, audz€jot Ill.a. izméginajuma iegdtos
mikroaugus, lai izvertétu iesp&jamo pecietekmi uz sikbumbulu razu.

Ekonomiskas efektivitates izvert§jums, izmantojot izméginajumos
ieglitos datus, veikts 2020. un 2021. gada.

Kartupelu mikroaugu stadijuma biezibas ietekmes uz sikbumbulu razu
raksturojoSiem raditajiem novértéSanas metodika

Pétijuma varianti un to sakartojums. P&tijumam nepiecieSamos kartupelu
Skirnu mikroaugus pavairoja AREI Kartupelu atveseloSanas laboratorija. P&c
nepiecieSsama mikroaugu daudzuma iegiiSanas tos stadija cetros dazados biezibas
(MSB) variantos:
e 63 mikroaugi m2 jeb MSB63
e 95 mikroaugi m2 jeb MSB95
e 142 mikroaugi m? jeb MSB142



e 184 mikroaugi m? jeb MSB184

Mikroaugus stadija AREI PBTC kategorijas s€klas materiala jeb
stkbumbulu audz@sanai paredzetaja pléves seguma siltumnica Priekulos.

Izméginajums iekartots, izmantojot dalito laucinu metodi tris
atkartojumos. Pirmas pakapes randomizeti izvietotos laucinus veidoja Skirnes
(tr1s Skirnes jeb tris varianti), bet otras pakapes laucinus veidoja mikroaugu
stadiSanas biezibas (Cetras MSB jeb Cetri varianti), kas bija randomizgti izvietotas
pirmas pakapes laucina ietvaros. Lai izslégtu malas efektu, ka arT samazinatu
konkurenci starp dazadam stadiSanas biezibam, ap katru p&tamo otras pakapes
laucinu (kasti) tika izvietotas kastes ar attiecigas skirnes mikroaugiem staditiem
attiecigaja bieziba, lidz ar to viena otras pakapes laucina ietilpa piecas kastes.
Kopa izméginajuma bija 12 varianti (tris §kirnes x etras MSB).

Augu audzeSanai izmantoto kastu izmers bija 0.55 m x 0.35 m x 0.20 m
(garums x platums x augstums), jeb virsmas platiba —0.19 m?. Tam bija gaisu un
tideni caurlaidigi sani un pamatne. Kastgs iepildita substrata dzilums bija 0.13 m,
tadejadi substrata tilpums kasté bija 0.025 m®.

Lai nodrosinatu to, ka katram mikroaugu MSB variantam katra kasté un
katra atkartojuma butu vienads attalums starp augiem, ka ari mikroaugu
izvietojums biuitu vienads, kastés tika izveidotas 35 iedobes (septinas iedobes
piecas rindas), kuru dzilums bija 0.08 m, bet diametrs 0.02 m, attalums starp
iedobém bija 0.07 m.

Lai ieglitu augstako MSB jeb 184 mikroaugus m?, tos stadija katra
izveidotaja iedob& jeb 35 mikroaugus viena kastg, bet, lai ieglitu zemakas
biezibas, noteikts daudzums iedobju palika tukSas, katras MSB ietvaros
saglabajot vienadu attalumu starp mikroaugiem.

Mikroaugu stadiSana, augu kopSana siltumnicd un razas novaksSana.
Mikroaugus stadija iepriek§ sagatavota un pilniba samitrinata kiidras substrata
(izmantoja sfagnu kiidru, kam pievienoja makro un mikroelementus, pH KCl
noreguléts Iidz 5.3), kur bija sabérts kastés. Skirngm ‘Monta’ un ‘Prelma’ tika
nodro$inats 77-79 dienas ilgs vegetacijas periods, bet $kirnei ‘Mandaga’ tas bija
90-94 dienas ilgs.

Augus laistTja saskana ar AREI pienemto praksi jeb pirmas cetras ned€las
katru dienu, turpmak laistiSanu samazinaja Iidz tris reiz€ém ned€lam. Sakoties
augu novecosanai, samazinaja arT laistiSanas apjomu un substratu uzturgja viegli
mitru.

Tris reizes audzE8anas sezona pielietoja arpussaknu méslosanu, Uz augu
lapam smidzinot makro un mikroelementus saturo$u $§kidumu. Lai profilaktiski
ierobezotu laputu (Apis spp.) izplatibu, arpussaknu méeslojumam pievienoja
insekticidu.

Veédinasana siltumnica nodroSinata caur logiem, kuri izvietoti gridas
Iiment abas siltumnicas pus€s, ka arT caur griestu liku, kura stiepjas visa
siltumnicas garuma; audz&Sanas apstakli jauzskata tikai par dalgji kontrol&tiem.
Karstakajas vasaras dienas gaisa temperatiira siltumnica pakapas Iidz 40 °C un
pat vairak, kas nav labveligi kartupelu attistibai. Tomér tas atbilst faktiskajai
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sikbumbulu razosanas situacijai AREI.
Razu novaca ar rokam, izmantojot sikbumbulu novaksanai konstrugtu
galdu ar sietu, uz kura izber kastes saturu.
Veiktie novérojumi. P& razas novakSanas sikbumbuli Skiroti $adas
frakcijas pec to masas gramos:
<3.00 g — turpmak netiek izmantoti
3.00-4.99 g 1
5.00-9.99g-f2
10.00-19.99 g — 3
>20.00g - f4
Noteikts sikbumbulu skaits un raza (kg m2) katra no frakcijam. Atseviskas
frakcijas ieglitie dati summéti, lai noteiktu stkbumbulu skaitu un razu no kastes.

Dati par sikbumbulu skaitu un razu izmantoti, lai aprékinatu vidéjo >3 g
smagu sikbumbulu skaitu no viena iestadita mikroauga jeb pavairo$anas
koeficientu, sikbumbulu skaitu no 1 m?, sikbumbulu razu no 1 m? un viena
sikbumbula vid€jo masu.

Aprekinos izmantoti dati tikai par vairak neka 3 g smagakiem
sikbumbuliem tap&c, ka konkrétajos razoSanas apstaklos mazus (<3 g)
sikbumbulus nav iesp&jams pietickami kvalitativi uzglabat, jo lielas virsmas
laukuma:tilpuma attiecibas dg] tie iztvaiko intensivak neka lielaki bumbuli un
savist. STiemesla d&] sikbumbuli, kuri vieglaki par 3 g, Latvija netiek izmantoti
talakai pavairoSanai.

Konstatets arT, ka esoSajos razoSanas apstaklos to skaita izvert€jums
kopgja datu analiz€ nav nozimigs, jo <3 g sikbumbulu daudzumu batiski
neietekmé&ja audze$anas gads (p=0.149 vidgji visam $kirném un MSB), ka arl
nebija biitiskas atskiribas starp atkartojumiem (p=0.419 vid&ji visam $kirném un
MSB).

gk wpnPE

Sikbumbulu agronomiskais sniegums lauka apstaklos

Izméginajumi veikti AREI kartupelu selekcijas un $kirnu salidzinasanas
vajadzibam iekartotajos integrétas audzeSanas laukos Priekulos. Attiecigi
pétijuma izméginajumos pielietoja AREI kartupelu selekcija un izméginajumos
visparigi izmantoto audzg$anas tehnologiju.

Lauka izméginajumu metodika un audzeéSanas apstakli.

P&tijuma varianti un to sakartojums. Lauka izméginajuma pétija divus
faktorus: Skirne (‘Monta’, ‘Prelma’, ‘Mandaga’) un sikbumbulu frakcija (SbF;
kopa 4 frakcijas). Tadgjadi kopa bija 12 p&tijuma varianti. Lauka izm&ginajums
tika iekartots péc dalito laucinu metodes. Pirmas pakapes laucini bija Skirnes, bet
otras pakapes laucini bija stkumbulu frakcija. Pirmaja pétijuma gada (2014. g.)
materiala trikuma dg| pielietoti tris atkartojumi, bet otraja (2015. g.) un tresaja
(2016. g.) gada — Cetri atkartojumi. Gan pirmas, gan otras pakapes laucini katra
no pétijuma gadiem tika randomizg&ti — otras pakapes laucini pilniba randomizgti
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pirmas pakapes laucina ietvaros, bet pirmas pakapes laucini — bloka jeb
atkartojuma ietvaros.

Attalums starp vagam bija 0.70 m, attalums starp sikbumbuliem vaga —
0.20 m. Laucina lielums bija 6.72 m?. Lai izslegtu konkurenci starp ceriem no
dazadam sikbumbulu frakcijam, ka arT lai noverstu malas efektu, noverojumi un
ar razu saistitie mérjjumi veikti laucina divu vid&jo vagu ceriem, nenemot vera
arT pa vienam mal&jam ceram katras vagas gala. Lidz ar to uzskaites laucina
izmérs bija 2.8 m?, ko veidoja 20 ceri.

Sikbumbulu sagatavoSana stadiSanai, stadiSana un novakSana. Lauka
izméginajumos izmantoja PBTC s€klaudz€sanas siltumnica veiktaja pétijuma
iegiitos Cetru frakciju (f1-f4) sikbumbulus. Pirmaja pétjjuma gada izmantoti
2013. gada seklaudzesanas vajadzibam izaudzetie sikbumbulu.

Pirms stadiSanas sikbumbulus divas nedglas iediedzgja. Sikbumbulus
stadija un novaca ar rokam. Vegetacijas periods $kirnei ‘Monta’ bija 91, 78 un
80 diena atbilstosi 2014., 2015. un 2016. gada, Skirnei ‘Prelma’ 92, 79 un
80 dienas, bet skirnei ‘Mandaga’ vegetacijas periods bija 112, 94 un 98 dienas
atbilstosajos gados.

Agrotehniskie pasakumi. Visos gados izméginajumi iekartoti velénu
podzoléta augsné, kuras granulometriskais sastavs bija malsmilts, ar vidéju lidz
augstu nodroSinajumu ar fosforu un kaliju, un skabu Iidz vid&ji skabu, toméer
kartupelu audz&$anai atbilstosu, augsnes reakciju (1. tab.) Priek$augs atkariba no
gada bija ziemas rudzi vai ziemas tritikale. Méslo$anai izmantoja mineralméslus
NPK 12:11:18, nodro$inot tirviela NPK 60:55:90 kg ha’. Méslosanai sekoja
augsnes dzilirdinasana un vagu veidoSana.

1. tabula/ Table 1
Augsnes agrokimiskie raditaji lauka izméginajumos, 2014-2016. g. /
Soil agrochemical properties in field trials, 2014-2016

Raditaji / Indices 2014 | 2015 | 2016
Velénu podzoléta augsne, malsmilts / Sod-podzolic loamy sand

pH KCL 4.5 5.0 5.3
Organiskas vielas saturs augsng, g
kgt/ 21 21 18
Organic matter content, , g kg!
K20 mg kg* 189 142 143
P20s, mg kg 164 150 120

Pirms herbicidu pielietoSanas lauku vienu Iidz divas reizes reizes vagoja.
Pirms augsnes herbicida smidzinasanas veidoja augstas vagas. Velak pielietoja
herbicidu varpatas ierobezosanai.

Profilaktiskai laputu un kartupelu lapgrauza (Leptinotarsa decemlineata)
ierobezosanai veica stadfjumu apstradi ar insekticidu.

Lapu slimibu (kartupelu lakstu puve (ier. Phytophthora infestans) un
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kartupelu lapu sausplankumainibas (ier. Alternaria spp.) izplatibu ierobezoja,
smidzinot sist€mas, pieskares un sist€mas-pieskares iedarbibas fungicidus.

Meteorologisko apstaklu raksturojums lauka izm&ginajuma laika.
Audzgsanas sezonas sakums 2014. gada bija labveéligs straujai augu sadigsanai,
jo vidgja diennakts temperatiira bija augstaka neka ilggadigie dati. Nokrisnu
daudzums maija otraja un treSaja dekad€ parsniedza normu, kas lava augsné
uzkraties pieticko$am mitruma daudzumam, lai relativi sausakaja junija pirmaja
dekadé augsne neizzatu. Saméra v€sais un arl parmitrais junija turpindjums
aizkavgja augu talako attistibu. P&c tam attistibu veicingja siltais julijs. Ménesa
pirmaja dekade nokri$ni vél parsniedza normu, bet péc tam kluva ievérojami
sausaks, tomér netika novérota augsnes izziSana agrakos periodos valdoSo
lietavu d&l. Augusta pirma dekade bija silta un m&reni mitra, vélak kluva vésaks
un ieveérojami pieauga nokriSnu daudzums. Lietainas dienas nedaudz aizkavéja
razas novakSanu, bet jau sezonas laika lietusgazu un sekojosa sausuma dg]
sabliveta augsne darbu apgritinaja.

Atskirba no 2014. gada, 2015. gada maija otra puse raksturojas ar gaisa
temperatiiru, kura bija zemaka par normu, bet nokri$ni bija normas robezas. Lai
arT kartupelus stadija otras dekades nosléguma, tomer lidz tam valdoSais v€sais
un mitrais laiks neveicindja augsnes iesilSanu. Kartupelu sadigSana péc
iestadisanas vEsaja augsné, ka ari valdot pazeminatai gaisa temperatirai,
aizkavgjas. Junija pirmaja un otraja dekadé gaisa temperatiira bija tuva normai,
tomér mazais nokrisSnu daudzums pirmaja un otraja junija dekadés radija
sausumu, kas ievérojami aizkavéja augu attistibu. Tikai ménesa treSaja dekade
nokris$nu daudzums pieauga 1idz normai un apstakli kluva labveéligaki kartupelu
attistibai, 1pasi ziedeSanas sakuma, kad uzsakas jaunas razas veidoSanas.
Turpmakie meteorologisko apstakli 2015. gada vegetacijas sezona bija labveligi
kartupelu augsanai un attistibai, pietickosais mitruma daudzums jilija pirmaja un
otraja dekadgs veicinaja jauno razas bumbulu piebriesanu.

Pedgja pétijuma gada jeb 2016. gada audz&Sanas sezona maija diennakts
vidgja temperatiira otraja dekadé atbilda normai, bet tresaja dekadé gaisa
temperatiira jau parsniedza normu. Lai gan nokri$nu daudzums $aja perioda bija
loti zems, mitruma saturs augsné€ bija pietieko$s pateicoties ieverojamajam
nokris$nu daudzumam aprili. Lidzigi apstakli turpingjas arT jiinija pirmaja dekade
(temperatiira atbilstoSa normai, bet nokrisnu daudzums zem normas), tomer
temperatiira, kas bija augstaka neka 2015. gada $aja perioda, 2016. gada kopuma
veicinaja saméra strauju sadigsanu, salidzinot ar 2015. gadu. Turpmak nokrisnu
daudzums katra no dekadeém ievérojami parsniedza normu. Raksturigas bija arT
lietusgazes, kuru rezultata starp vagam veidojas 1amas un notika augsnes
sablivésanas, ST iemesla deél aizkavejas lakstu saklausanas vagas. Tikai julija
tresaja dekade iestajas relativi sausaks periods. Gaisa temperatiira kopuma bija
tuva normai un ieveérojamas novirzes virs normas novérotas tikai junija un julija
treSajas dekades, gaisa temperatiiras pazeminasanas augusta pirmajas divas
dekades un péc tam paaugstinaSanas ménesa beigas butiski neietekméja jau
izveidojusos razu, bet lielais augsnes mitrums apgriitindja tas novakSanu un
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uzglabasanu.

Lauka izméginajuma veiktie novérojumi un razas analize.

Augu sadigSanas uzskaite veikta divas Iidz tris reizes ned€la. Par
sadigusiem uzskatija augus, kas sasniegusi atbilst 09.—10. AE péc BBCH skalas.
Katru variantu uzskatija par sadigu$u, kad $o etapu sasniedza 50% no augiem.
Lai novertetu talako augu attistibu, sadigSanas uzskaiti turpinaja un fiks€ja
datumu, kad bija sadigusi 80% no augiem. Gadijumos, kad uz lauka nevargja
precizi novértét laiku, kad bija sadigu$i 50 un 80% augu, veica linearo
interpolaciju, lai aprékinatu datumu, kad attistibas etaps varEja but iestajies.
Kopgjo sadiguso augu skaitu noteica vidgji 50. diena pec stadisanas.

Augu sadigSanas raksturo$anai izmantoja termala laika vienibas —
augSanas gradu dienas (GDD). Veicot aprékinu, taja neieskaitija stadiSanas
dienas un novérojuma veikSanas dienas temperatiiras.

Lakstu saklausanas vagas fikséta tad, kad bija verojama pilniga
saklausanas (28. AE jeb 90% augu vagas saskaras) un izteikta dienas péc
50% sadigsanas.

Divas nedglas pirms razas novaksanas uzskaitits virszemes stublaju skaits
katram ceram katra variantd un aprékinats vid€jais virszemes stublaju skaits
katram variantam.

Razas analizes veikSanai katra varianta katra atkartojuma bumbulus
saSkiroja piecas frakcijas, izmantojot sietu ar kvadratveida acim:
<25mm
25-35mm
35-45 mm
45-55 mm
55-65 mm (lielaki bumbuli raza nebija)

Noteica katra frakcija iegiito razu kg m? un bumbulu skaitu m?2, iegiitos
datus izmantoja gan kopgja bumbulu skaita un razas noteikSanai (izmantoja,
analizgjot razas sadalfjumu frakcijas), gan par 25 mm lielaku bumbulus skaita un
razas noteikSanai. Ta ka no sikbumbuliem ieglist pirmas paaudzes pirmsbazes
s€klas, tad robezvertiba 25 mm ir biutiska, jo Sis ir starptautiski pienemtais
mazakais pielaujamais izmers s€klas kartupelu bumbuliem.

Razas bumbulu skaits cera un pavairosanas koeficients lauka apstaklos
(PKoefL). Razas bumbulu skaitu cera aprékinaja >25 mm lielu razas bumbulu
kopgjo skaitu laucina dalot ar sadiguso sikbumbulu skaitu. PkoefL aprékinajam
>25 mm lielu razas bumbulu kopgjo skaitu laucina dalot ar laucina iestadito
stkbumbulu skaitu..

Razas bumbulu vid&ja masa noteikta, nemot véra tikai >25 mm lielus
bumbulus un dalot bumbulu masu m? ar bumbulu skaitu m?.

Razas sadalijumu frakcijas atkariba no sikbumbula izméra izvertgja,
izmantojot Trevisa izstradato metodi! ar kuru nosaka vid&jo bumbulu izméru mm,

agrwbd P

! Travis K. Z. (1987). Use of a simple model to study factors affecting the size distribution
of tubers in potato crops. The Journal of Agricultural Science, Vol. 109 (03), p. 563-571.
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kuram ir visaugstaka sastopamiba razas datu kopa (lt) un aprékina izkliedi (o) ap
$o vidgjo raditaju. Aprekini veikti katram variantam, izmantojot datus par
bumbulu skaitu un kop&jo masu katra iegtitas razas frakcija. legtitos rezultatus
izteica ka katra bumbulu izméra milimetra raza kilogramos m™. RaZas
sadalfjumam frakcijas aprékinaja art variacijas koeficientu.

Lauka vértibas aprékinasana sikbumbuliem

Sikbumbulu lauka vertibas koncepts apvieno siltumnica un lauka
apstaklos ieglitos agronomiskos datus. To var izteikt gan ka lauka vertibu
siltumnicas laukuma (platibas) vienibai (LaVy), gan ka lauka vertibu vienam
iestaditajam mikroaugam (LaVma). Lauka vértiba aprékinata katrai siltumnica
pielietotajai mikroaugu stadisanas biezibai.

Lauka vertiba no viena siltumnicas kvadratmetra iegiitiem sikbumbuliem.
LaVy ir kopgjais par 25 mm lielaku razas bumbulu skaits lauka apstaklos, kur§
iegiits no visiem par 3 g smagakiem viena siltumnicas kvadratmetra izaudz&tiem
sikbumbuliem.

Lauka vértiba vienam mikroaugam, kur§ siltumnica iestadits noteikta
stadiSanas bieziba. LaVma ir kopgjais par 25 mm lielaku bumbulu skaits lauka
apstaklos, kur$ iegiits no par 3 g smagakiem sikbumbuliem, kuri izaudz&ti no
viena noteikta stadiSanas bieziba iestadita mikroauga.

Mikroaugu stadisanas biezibas ekonomiskas efektivitates izvértéSana

Sikbumbulu mikroaugu stadiSanas biezibas (audz&$anas tehnologijas)
izmainu ekonomisko efektivitati 2014.-2016. gada veiktajiem izméginajumiem
vertgja 2020. un 2021. gada, izmantojot 2020. gada AREI veikto pasizmaksu
aprekinu un informaciju par produkcijas cenam.

Lai novértétu sikbumbulu audzg$anas tehnologijas izmainu ekonomisko
efektivitati, izmantota parciala budZeta metode un robeZienémumu analize jeb
robeziengmumu likmes (RiL) noteik$ana, tehnologijas izmainas vertgjot
pakapeniski. So metozu kopumu ka lémumu pienemsanas riku par razo$anas
tehnologijas mainu iesaka Starptautiskais kukurizas un kviesu selekcijas centrs
(CIMMYT). Balstoties uz 8o pieeju, rokasgramatu jaunu tehnologiju
izméginajumu verteSanai kartupelu audz€Sanas saimniecibas izstradajis ari
Starptautiskais kartupelu centrs (CIP).

Mikroaugu un sikbumbulu paSizmaksa AREI tiek aprékinata relativi
nelielam razoSanas apjomam, kas ir vid&ji 24 000 mikroaugu pavairosana un
60 000 sikbumbulu izaudzéSana sezona. PaSizmaksu aprékins nav veikts
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promocijas pétijuma ietvaros, bet gan izmantota informacija no AREI izdota
rikojuma. Mikroauga paSizmaksa 2020.gada bija 0.54 EUR gab™, bet
stkbumbulu pasizmaksa bija 0.41 EUR gab, nediferencgjot cenu dazadu frakciju
stkbumbuliem.

Tirgus cena 1.00 EUR par mikroaugu un 0.52 EUR par sikbumbuli
noteikta balstoties uz AREI rikojumu “Par cenu apstiprinaSanu produkcijai
Priekulu p@tniecibas centra”. Pievienotas vertibas nodoklis cena nav ieklauts.

Pétijuma par bazes veértibu jeb standarta audzéSanas tehnologiju noteica
zemako mikroaugu stadiSanas biezibu jeb MSB63. Aprékinus veica katrai skirnei
atseviski.

Promocijas darba pétijuma analizéti Setri dazadi razoSanas scenariji, kuri
vispusigi aptver iespgjamas sikbumbulu raZoSanas stratégijas nelielas
saimniecibas.

A scenarijs — mikroaugu un sikbumbulu vértiba ir to pasizmaksa. Bazes
scenarijs, atbilst aktualajai razoSanas situacijai AREI.

B scenarijs — 1. jaukta tipa modelis, kura mikroauga vertiba ir pasizmaksa,
bet sikbumbula vértiba ir tirgus cena;

C scenarijs — 2. jaukta tipa modelis, kura mikroaugu vértiba ir to tirgus
cena, bet sikbumbulu vértiba ir pasizmaksa. Saja scenarija pasizmaksa parsniedz
A scenarija izmantoto pasizmaksu un ar1 B un D scenarijos izmantoto tirgus cenu,
jo ta ir pielagota mikroauga tirgus cenai, kura biitiski paaugstina stkbumbulu
razoSanas izmaksas. Ta rezultata scenarija izmantota paSizmaksa ir 0.56 EUR par
vienu stkbumbuli.

D scenarijs — mikroaugu un stkbumbulu vertiba ir to tirgus cena.

Parciala budzeta aprékina metode ieklauj tikai tos ieguldijumus un
ien@mumus, kuri izmainas, mainoties tehnologijai. Rezultata tiek aprékinati neto
ienémumi (NI).

Bruto ienémumi (BI) katrai MSB aprékinati, reizinot iegiito sikbumbulu
skaitu ar to vertibu eiro (atkariba no scenarija: pasizmaksu vai tirgus cenu) un no
ieglita rezultata atnemot ar razas novaksanu un SkiroSanu saistitas izmaksas
(nodarbinata stundas likme reizinata ar laiku, kas nepiecieSams konkréta MSB
izaudzetu sikbumbulu novaks$anai un skirosanai).

Mainigo izmaksu (MI) dalu veidoja mikroauga vértiba eiro (attiecigi
pasizmaksas vai tirgus cenas) reizinata ar konkrétai MSB nepiecieSamo
mikroaugu daudzumu un to stadiSanai nepiecieSsama darbaspeka izmaksam.
Darbaspéka izmaksas aprékinaja, reizinot stadiSana iesaistita darbinieka stundas
likmi ar laiku, kas nepiecieSams, lai iestaditu konkréto daudzumu mikroaugu.

P&c tam, kad visam Skirn@m visiem scenarijiem bija aprékinati NI atkariba
no MSB, tika veikta dominances analize saskana ar Starptautiska kukurtizas un
kviesu selekcijas centra (CIMMYT) metodiku. Visas pétitas audzeSanas
tehnologijas (MSB) sarindoja pieaugosa seciba pec MI vertibas, kas sakrita arT ar
MSB paaugstinasanas secibu. MSB, kuras MI vertiba bija augstaka un NI vértiba
zemaka neka secigi ieprieks€jai MSB, tika izslégta no turpmakas analizes, jo Saja
MSB veidojas zaudgjumi.
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Starp katram divam secigam MSB, kuras netika izslégtas peéc dominances
analizes, tika aprekinats NI izmainu jeb pieauguma lielums A4 jeb neto
robeziengmumi

Pec ANI aprékinasanas starp secigam, dominances analizes rezultata
neizslégtam mikroaugu stadiSanas biezibam, aprékinata robezieneémumu likme,
kuru ieguva dalot A NI ar A MI (mainigo izmaksu izmainu lielums starp divam
MSB).

RiL aprékinaja katrai Skirnei, piemérojot katru scenariju. Aprekinu
uzsaka, nosakot RiL starp bazes MSB un secigi nakamo MSB un pakapeniski
turpindja starp katram divam blakus esosam MSB. Iegiito RiL vertibu izteica
procentos. Piem&ram, RiL 105% nozimé, ka, izmainot tehnologiju, razotajs var
atgit katru ieguldito eiro un vel gut papildus pelnu 1.05 EUR.

Papildus parciala budZeta un robezanalizei veica jutiguma analizi Katrai
mikroaugu stadiSanas biezibai razosanas scenarijos A (aktualais scenarijs AREI)
un B (scenarijs ar vislielako iestaSanas varbiitibu p&c A scenarija, jo lielaka ir
iespgja, ka sikbumbuli tiks pardoti tirgli, neka iesp&ja, ka AREI iegadasies
mikroaugus par tirgus cenu). Analizes meérkis bija noskaidrot augstako
pielaujamo mikroaugu v&rtibu, pie kuras var izmantot kadu no MSB. Ja
mikroaugu vertiba pieaug virs iegiitas vértibas robezas, tad MSB bitu
jasamazina, lai izvairTtos no ta, ka mainigas izmaksas parsniedz neto ien€mumus.

Metodika mikroaugu audzésanas panémiena pécietekmes uz
sikbumbulu skaitu un razZu siltumnica novertesanai

Petfjums veikts 2014. un 2017. gada AREI Kartupelu atveselosanas
laboratorija un PBTC materiala audz€Sanai paredz&tajas pléves Seguma
siltumnicas Priekulos. Izmantotas divas Skirnes — ‘Monta’ un ‘Prelma’.

Mikroaugu audzésana un morfologisko parametru novértéSana
laboratorija. Laboratorijas apstaklos pétita mikroaugu audzgéSanas panémiena
(barotne un mikroaugu audzgSanai izmantotais trauks) ietekme uz mikroaugu
morfologisko pazimju iesp&jamajam izmainam.

Mikroaugu audz&Sanas panémiena varianti. lzmantoti divu veidu
audz€8anas trauki — stikla m&genes (diametrs 13 mm un augstums 150 mm,
tilpums 20 mL), kuras noslégtas ar vates — marles korkiem un cilindriski,
vienreizlietojami plastmasas trauki (tilpums 500 mL) ar plastmasas vaku.
Izmantotas tris dazadas MuraSiges un Skiiga jeb MS barotnes sastava
modifikacijas. Audz€sanas trauks un barotnes sastavs veidoja Cetrus dazadus
audzeSanas panémienus.

* MMS — mégene ar MS barotni bez vitaminiem; izmantota klasiska MS
barotne, bez pievienotiem vitaminiem un citam organiskajam vielam p&c MS.
Standarta pan€miens kartupelu mikroaugu pavairosanai AREI (p&tijuma —
kontrole);

* AMS — cilindrisks plastmasas trauks ar MS barotni bez vitaminiem un citam
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organiskajam vielam péc MS;

e« AMSV - cilindrisks plastmasas trauks ar MS barotni un pievienotiem
vitaminiem un citam organiskajam vielam pec MS

*+ AHMS - cilindrisks plastmasas trauks ar samazinatas koncentracijas MS
barotni bez vitaminiem un citam organiskajam vielam. Barotnes
pagatavosSana izmantota puse no nepiecieSama makrosalu daudzuma.

Visos variantos barotnei pievienots cukurs 30 g L™ un agars 6.5 g L™
Augu augsanas regulatori (fitohormoni) nav lietoti neviena no variantiem.

Lai visos variantos vienam mikroaugam nodrosinatu vienadu pieejamas
barotnes daudzumu, mégenés iepilditi 5 mL barotnes, bet cilindriskajos
plastmasas traukos 50 mL Dbarotnes. Mgegends ievietoja pa vienam
mikrospraudenim, katrai Skirnei viena atkartojuma bija 10 mégenes ar
mikroaugiem. Cilindriskajos plastmasas traukos katrai $kirnei viena trauka
ievietoja 10 mikrospraudenus, viena atkartojuma bija viens trauks. Attiecigi —
katrai $kirnei katra no variantiem bija 10 mikroaugi viena atkartojuma, katra gada
pétijums veikts 4 atkartojumos. Kopa pétijuma izmantoti astoni varianti (divas
Skirnes x Cetras mikroaugu audzgSanas apstaklu modifikacijas), kuri izvietoti
pilniba randomizeti. Mikroaugus audzgja vidgji 22-24 °C temperatiira un
nodrosinot 16/8 h apgaismojuma rezimu.

Mikroaugu morfologisko raditaju noverté§ana. Pieci jeb puse mikroaugu
no katra varianta 2014. gada 25 dienas, bet 2017. gada 27 dienas péc
mikropavairo$anas iznemti no audzESanas trauka, tiem no sakn€m noskalotas
agarizetas barotnes paliekas, augi nosusinati uz papira dviela. P& mikroaugu
sagatavoSanas, katram atkartojumam atseviski nomérits stublaja garums cm,
uzskaititi stublgju starpmezglu posmi, noteikta visa auga masa, mg, atseviski
noteikta saknu masa, mg, un aprékinati atvasinatie lielumi — saknu un stublaja
masas attieciba, starpmezglu posmu garums, auga masas un garuma attieciba.

Mikroaugu audzeéSanas panémiena pécietekmes uz sikbumbulu
skaitu un razu siltumnica novértéSana. Katras Skirnes atlikusos piecus
mikroaugus no katra audzeSanas panémiena un atkartojuma iestadija siltumnica
kiidras substrata (skatit “Kartupelu mikroaugu stadijuma biezibas ietekmes uz
sikbumbulu razu raksturojoSiem raditajiem novertéSanas metodika”).
Mikroaugus stadija vegetacijas traukos (podinos) (tilpums 1.26 L) pa vienam,
kopa katrai $kirnei katram mikroaugu audz&$anas panémienam atkartojuma bija
pieci vegetacijas trauki. Izmé&ginajums ierikots Cetros randomizgtos blokos.
Vienu bloku veidoja astoni pétijuma varianti (divas Skirnes x Cetri mikroaugu
audzgSanas panémieni).

Tris reizes nedela augus laistija, izmantojot rokas laistitaju. Divas reizes
audzgSanas sezona augus apsmidzindja ar papildméslojuma Skidumu un
insekticidu. Izaugusos stkbumbulus novaca 72 dienas péc mikroaugu iestadiSanas
2014. gada un 70 dienas pec stadiSanas 2017. gada. Sikbumbulus salasija ar
rokam. Katram variantam un atkartojumam atseviski uzskaitija sikbumbulu
skaitu, noteica stikbumbulu kop&jo masu gramos.
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Datu apstrades metodes

Datu statistiskajai apstradei izmantota brivpieejas programmas Jamovi
versija 1.8.2. Datu kopas vidgjo raditaju noskaidrosanai izmantotas aprakstosas
statistikas metodes. Linearo sakaribu cieSumu starp pazimém noteica, izmantojot
Pirsona korelaciju. Lai noskaidrotu sakaribu formu, veikta linearas regresijas
analize. Petito faktoru ietekmes butiskuma novertésanai izmantota vienfaktora un
divfaktoru ANOVA analize 95% biutiskuma Iimeni (o=0.05). Lai noteiktu
atskiribas starp pavairosanas koeficientu lauka apstaklos un razas bumbulu skaitu
no sadigu$a cera, izmantoja paru t-testu atsevi$ki katrai Skirnei. Lai noteiktu
atSkiribas starp sikbumbulu skaitu dazadas frakcijas katrai Skirnei katra
mikroaugu stadiSanas bieziba, izmantota Microsoft Excel
pievienojumprogramma Real Statistics, kura veikta viena faktora ANOVA
analize un Tukey post-hoc tests, ka faktors noteikta sikbumbulu frakcija.
Sikbumbulu razu raksturojoSo raditaju (mainigo) ietekmes uz citu raditaju
varieSanu noskaidroSanai veikta galveno komponentu jeb PCA analize un
konstruéts raditaju slodzes grafiks, kas lauj grafiski att€lot savstarpgjas sakaribas
starp raditajiem. Veicot siltumnica iegiito razu raksturojo$o raditaju analizi
atkariba no S$kirnes un mikroaugu stadiSanas biezibas, gadu vidgjo datu
visparina$anai izmantoja linearu jauktu efektu modeli, kura gads bija gadijuma
rakstura faktors. Analizgjot lauka izméginajumu rezultatu datus, gada ietekme
netika ieklauta ANOVA modeli, bet gan noteikta atseviski, sadalot datu kopu
gradaciju klas€s un veicot ANOVA analizi ar gadu ka faktoru katrai gradaciju
klasei atseviski. Gadijumos, kad konstatgja statistiski biitisku faktora ietekmi uz
pétamo pazimi, gradacijas klases tika salidzinatas, izmantojot Tukey post-hoc
testu (0=0.05). Jutiguma analizei izmantoja mérka mekl&$anas funkciju goal seek
un analizi veica, izmantojot Microsoft Excel pievienojumprogrammu — datu
analizes un optimizacijas riku Solver. Ta uzstadijumos neto ien€mumus noteica
ka meérki, bet mikroauga vertiba bija mainigais lielums. Analizi veica, nosakot
ierobezojumu — neto ienmumi > mainigas izmaksas.
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REZULTATI

Kartupelu mikroaugu stadijuma biezibas ietekme uz
sikbumbulu razu raksturojosiem raditajiem

Kartupelu sakotngja seklaudzesana (ipasi sikbumbulu razosana) razu var
izteikt gan ka bumbulu skaitu no laukuma vienibas, gan ka masu no laukuma
vienibas (pieméram, kg m?). Saja darba raza vértéta abgjadi, precizgjot to, vai
runa ir par skaitu m2, vai razu kg m=.

Sikbumbulu skaits no kvadratmetra (SbS). Ja audz&8anas platiba ir
ierobezota, tad viens no efektivakajiem pasakumiem sikbumbulu skaita no
kvadratmetra (SbS) paaugstinasanai ir mikroaugu stadiSanas biezibas (MSB)
izmainiSana. Promocijas darba pétijuma iegitais SbS bija no 229 (‘Mandaga’,
63 mikroaugi m? jeb MSB63) Iidz 412 sikbumbuli no 1 m? (‘Monta’, MSB184).

Izvertejot genotipu atskiribas vidgji visam mikroaugu stadiSanas biezibam
(MSB), konstatets, ka genotipa ietekme uz SbS nebija statistiski bitiska
(p=0.057).

Analizgjot atskiribas starp Skirném katra MSB atseviski, skirnei ‘Monta’
MSB95 bija batiski lielaks SbS (345) neka $kirném ‘Prelma’ (279) un ‘Mandaga’
(281), kuram SbS savstarpgji butiski neatskiras (1. att.).

450 - aA aA
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Monta Prelma Mandaga
= MSB 63 mMSB 95 MSB 142 MSB 184

1. att. Sikbumbulu skaits m? (SbS) atkariba no mikroaugu stadi§anas
biezibas (MSB) un $kirnes, videji 2014.—2016. g.

Atskirigi mazie burti apzimé btiskas (p<0.05) atskiribas starp MSB katrai skirnei
atseviski. Atskirigi lielie burti apzimé biitiskas (p<0.05) atskiribas starp $kirném katra MSB
atseviski /

Fig. 1. Number of minitubers per m? (SbS) depending on planting density of
microplants (MSB) and variety, average 2014-2016.
Different lowercase letters indicate significant differences (p<0.05) between MSBs within varieties.
Different uppercase letters indicate significant differences (p<0.05) between varieties within MSB

Pargjas MSB atSkiribas starp Skirnem nebija statistiski butiskas (MSB63
p=0.302; MSB142 p=0.588, MSB184 p=0.188). Skirnei ‘Monta’ visas MSB
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noverots, ka, lai arT lielakaja dala gadijumu statistiski nebatiski, tomér augstakais
SbS, iznemot MSB142, kur nebutiski augstakais SbS bija skirnei ‘Prelma’(362,
salidzinajuma ar 340 skirnei ‘Monta’ un 332 Skirnei ‘Mandaga’).

Pielietotajai mikroaugu stadiSanas biezibai (MSB) bija statistiski butiska
ietekme uz sikbumbulu skaitu m2. Pieaugot MSB, pieauga ari ShS visam §kirném
(1. att). Skirném ‘Monta’ un ‘Mandaga’ lielakais SbS iegiits augstakaja MSB
(MSB184) (attiecigi 412 un 403 sikbumbuli m?), bet $kirnei ‘Prelma’ — MSB142
(360 sikbumbuli). Savukart mazakais SbS (229-270 sikbumbuli m?) visam
Skirném ieguts zemakaja mikroaugu stadiSanas bieziba jeb MSB63, turklat tas
bija buitiski mazaks neka augstakaja MSB184.

Vertgjot sikbumbulu audzesanas efektivitati tikai péc SbS datiem, $kirném
‘Monta’ un ‘Mandaga’ ir ieteicama MSB184, bet §kirnei ‘Prelma’ — MSB142, jo
MSB184 vairs nesniedz stkbumbulu skaita picaugumu no laukuma vienibas.
Tomér, ja ir ierobeZota audzéSanas platiba un ir brivi pieejams liels daudzums
mikroaugu, tad var pielietot art MSB184.

Genotipa un MSB mijiedarbibas ietekme uz ShS nebija batiska (p=0.185).

Sikbumbulu  pavairoSanas  koeficients siltumnica  (PkoefS).
Pavairosanas koeficients siltumnica (PkoefS) jeb no viena mikroauga iegtito
sikbumbulu skaits ir svarigakais sikbumbulu razu raksturojosais raditajs. Ta ka
jédziens “pavairosanas koeficients” parsvara tiek lietots s€klaudzgSana, tad ta
vertibu nosaka, nemot vera tikai séklas lieluma bumbulus. Ne ES, ne Latvija
speka esoSajos normativajos aktos nav noteikts minimalais izmérs turpmakai
pavairo$anai izmantojamiem kartupelu sikbumbuliem, bet $aja pétfjuma tie ir
vismaz 3 g smagi sikbumbuli.

Promocijas darba pétijuma PkoefS bija no 2.0 (‘Prelma’, MSB184) lidz
4.3 sikbumbuli no mikroauga (‘Monta’, MSB63)

Genotipa ietekme. Izvertgjot genotipu atSkiribas vidgji visas mikroaugu
pavairoSanas biezibas (MSB), konstatéts, ka genotipam bija statistiski butiska
ietekme uz PkoefS.

Analizgjot atskiribas starp $kirném katrai MSB atseviski (2. att.), kirnei
‘Monta’ MSB95 bija biitiski lielaks PkoefS (3.6), neka skirném ‘Prelma’ (2.9) un
‘Mandaga’ (3.0), kuru PkoefS savstarpgji butiski neat$kiras. Pargjas MSB
atskiribas starp skirném nebija statistiski biitiskas (MSB63 p=0.303; MSB142
p=0.588, MSBI184 p=0.190). Skirnei ‘Monta’ visas MSB novérots, lai ari
lielakaja dala gadijumu statistiski nebutiski (p>0.05), tom&r augstakais PkoefS,
iznemot MSB142, kur nebiitiski augstaks PkoefS bija skirnei ‘Prelma’

Pielietotajai mikroaugu stadiSanas biezibai (MSB) bija statistiski baitiska
ietekme uz PkoefS. Pieaugot MSB, PkoefS visam $kirném samazinajas (2. att.).
Visam $kirném augstakais PkoefS iegiits zemakaja MSB (MSB63), bet zemakais
PkoefS — augstakaja MSB (MSB184), turklat visam $kirném pie MSB184 tas bija
butiski zemaks neka MSB63. Tomér ne vienai no $kirn€m arT augstakaja MSB
PkoefS nebija zemaks par divi, ta ieklaujoties 2—5 stkbumbulos no mikroauga,
ko uzskata par izplatitako PkoefS konvencionalaja sikbumbulu audzeSanas
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tehnologija.
Genotipa un MSB mijiedarbibas ietckme uz PkoefS nebija batiska
(p=0.231).
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2. att. Pavairo$anas koeficients (PkoefS) atkariba no mikroaugu stadiSanas
biezibas (MSB) un $kirnes, vidéji 2014.—2016. g.
Atskirigi mazie burti apzZimé butiskas (p<0.05) atSkiribas starp MSB katrai kirnei atseviski.
AtskirTgi lielie burti apzimé bitiskas (p<0.05) at3kiribas starp skirném katra MSB atseviski /
Fig. 2. Multiplication rate (PkoefS) depending on planting density of

microplants (MSB) and variety, average 2014-2016.
Different lowercase letters indicate significant differences (p<0.05) between MSBs within variety.
Different uppercase letters indicate significant differences (p<0.05) between varieties within MSB

Ja siltumnicas platiba un audz€s$anas substrata pieejamiba nav limit&josie
faktori, tad optimali ir izvéleties MSB, no kuras var iegiit visaugstako PkoefS.
Tomér, lidz noteiktai MSB mikroaugiem ir potencials saglabat augstako PkoefS,
ja runa ir par bumbulu izveido$anos, tapéc katrai audz€tajai Skirnei bitu
nepiecieSams noteikt MSB, pie kuras konkurence starp augiem vél nav tik liela,
lai notiktu bumbulu rezorbcija.

Vertgjot tikai PkoefS vertibas, visam pétfjuma izmantotajam Skirném
ieteicams pielietot MSB63. Skirngm ‘Monta’ un ‘Mandaga’ gadijumos, kad ir
ierobezota audzeSanas platiba, var pielietot art MSB95, jo PkoefS taja nav btiski
mazaks, salidzinot ar MSB63.

Sikbumbulu raza no 1 m? (SbM) un viena sikbumbula vidéja masa
(SbAW). Sikbumbulu raza, kg m? (SbM) bija robezas no 5.7 kg m? (‘Monta’,
MSB63) Iidz 8.0 kg m? (‘Mandaga’, MSB184), bet vidéja masa vienam
stkbumbulim (SbAW) bija no 16.1 g (‘Monta’, MSB184) Iidz 28.2 g (‘Mandaga’,
MSB63).

Genotipa ietekme. Pe&tjjuma netika konstatétas bitiskas atSkiribas
(p=0.079) starp skirném pec SbM. Promocijas darba pétijuma, lai arT nebutiski,
tomer lielaka raza visas MSB bija $kirnei ‘Mandaga’ (6.2-8.0 kg m™), savukart
Skirnei ‘Monta’ ta bija robezas no 5.7 Iidz 6.5 kg m2, bet skirnei ‘Prelma’ robezas
no 5.9 Iidz 6.1 kg m2 (3. att.).

Viena sikbumbula SbAW bitiski atskiras starp skirném. Visas pielietotajas
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MSB visaugstaka SbAW bija skirnei ‘Mandaga’ (19.6-28.2 g), tomér butiski
augstaka ta bija tikai MSB95 un tikai salidzinajuma ar $kirni ‘Monta’, kurai
kopuma SbAW bija robezas no 16.1-21.1 g. Skirnes ‘Prelma’ SbAW bija 16.6—
24.2 g (3. att.).

Mikroaugu stadiSanas biezibas (MSB) ietekme. Skirném ‘Monta’ un
‘Mandaga’ tika novérota tendence, ka sikbumbulu raza (SbM) bija lielaka
augstaka MSB, bet Skirnei ‘Prelma’ atSkiriba starp augstako razu (MSB63 un
MSB142) un zemako razu (MSB184) bija tikai 0.2 kg m2. Tomér nevienai no
Skirnem MSB ietekme uz SbM nebija statistiski batiska (‘Montai’ p=0.548,
‘Prelmai’ p=0.992, ‘Mandagai’ p=0.453).

9 A AaA - 30

Prelma Mandaga

B Stkbumbulu raza, kg m2 / Yield of minitubers, kg m™
A Sikbumbula vidgja masa, g/ Average weight of minituber, g

3. att. Stkbumbulu raza (SbM), kg m? un sikbumbula
vidéja masa (SbAW), g, videji 2014.-2016. g.

Atskirigi mazie burti apzimé bitiskas (p<0.05) atskiribas starp MSB katrai Skirnei atseviski.
Atskirigi lielie burti apzZimé batiskas (p<0.05) atskiribas starp $kirném katra MSB atseviski.
Stkbumbulu razas kg m? atskiribas starp MSB un starp $kirngm bija statistiski nebiitiskas 95%
limeni /

Fig. 3. Yield (SbM), kg m2 and average weight (SbAW), g of minitubers
depending on planting density of microplants (MSB) and variety, average
2014-2016.

Different lowercase letters indicate significant differences (p<0.05) between MSBs within variety.
Different uppercase letters indicate significant differences (p<0.05) between varieties within MSB.
Effect of variety and MSB on minituber yield (kg m) was not significant at 95% probalility level

Visam §kirném sikbumbulu vidgja masa (SbAW) samazinajas,
paaugstinot MSB. Tomér audz&sanas tehnologijas ietekme uz SbAW bija biitiska
tikai Skirném ‘Prelma’ un ‘Mandaga’, savukart skirnei ‘Monta” MSB ietekme
nebija statistiski butiska (p=0.134).
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Augstaka sikbumbulu vidéja masa pie zemakam mikroaugu stadiSanas
biezibam atsvéra ar MSB pieaugumu saistito sikbumbulu skaita palielinasanos,
tap&c pie konkrétajam pielietotajam MSB netika noverota biitiska stkbumbulu
razas palielinaSanas uz stkbumbulu skaita pieauguma rékina.

Sikbumbulu raZas sadalijums frakcijas, iesp&ams, ir butiskaks
sikbumbulu razu raksturojoss raditajs neka sikbumbulu vidg€ja masa, jo
sikbumbula frakcijai ir bitiska ietekme uz augu no stkbumbuliem augSanu un
attistibu lauka apstaklos.

Genotipa ietekme uz sikbumbulu skaitu katra no frakcijam (SskF) vidgji
visam mikroaugu stadiSanas biezibam (MSB) bija statistiski butiska. Genotips
biitiski ietekm@ja arT katras frakcijas Tpatsvaru % (F%) kopgja sikbumbulu skaita.

Lai arl ne vienmér batiski, tomér visas MSB $kirnei ‘Mandaga‘ bija
lielakais >20.00 g (f4) stkbumbulu skaits un §is frakcijas Tpatsvars (F%) kopgja
sikbumbulu skaita, salidzinot ar $kirném ‘Monta’ un ‘Prelma’. Skirnei
‘Mandaga’ bija arT mazakais stkbumbulu skaits 3.00—4.99 g frakcija un un §is
frakcijas Tpatsvars F% visas MSB.

Mikroaugu stadiSanas biezibas (MSB) ietekme. Paaugstinot MSB, visam
skirném, lai arT ne vienmér bitiski, bet pieauga sikbumbulu skaits frakcijas
(SskF) 3.004.99 g (f1), 5.00-9.99 g (f2) un 10.00-19.99g (f3) (3. att A).
Savukart >20 g (f4) frakcija, nevienai no $kirném SskF dazadas MSB bitiski
nemaintjas (lai ar1 Skirnei ‘Mandaga’ sikbumbulu skaitam $aja frakcija bija
tendence pieaugt, paaugstinoties MSB).

Katra no MSB visam §kirném SskF un F% divas lielako sikbumbulu
frakcijas (f3 un f4) bija, lai arT ne vienmer butiski, tomér augstaki neka mazako
sikbumbulu frakcija f1 (4. att. A un B), lidz ar to, pat picaugot MSB, saglabajas
stkbumbulu frakciju sadalijums ar novirzi pa labi jeb lielako stkbumbulu frakciju
virziena. Sadas tendences saglabasanas liecina, ka pastav potencials
nepiecieSamibas gadijuma paaugstinat MSB virs MSB184, jo sikbumbulu skaita
picaugums nedaudz augstaka bieziba visdrizak bitiski nenovirzitu frakciju
sadaljumu mazako sikbumbulu frakciju virziena. Tomeér, lai noteiktu
maksimalas MSB, pie kuram v&l nenotiktu $ada novirziSanas, javeic atseviski
izméginajumi, ja §adu nepiecieSamibu raditu razo$anas apstakli.

Neviena no sikbumbulu frakcijam netika noverota statistiski butiska
genotipa un MSB mijiedarbibas ietekme uz SskF (p veértibas robezas no 0.187
lidz 0.815).

Sikbumbulu raZu raksturojoSu raditaju izmainu tendences
mikroaugu _stadiSanas biezibas _izmainu ietekmé. Izmainu virziens,
paaugstinoties mikroaugu stadiSanas biezibai (MSB), dazadiem razu
raksturojosiem raditajiem bija atkirigs. PavairoSanas koeficientam siltumnica
(PkoefS) bija tendences samazinaties, sikbumbulu skaitam m (SbS) — pieaugt,
sikbumbulu raza m? (SbM) biitiski nemainijas, bet sikbumbulu vidgja masa
(SbAW) — samazinajas. Atskiras ar relativais izmainu lielums procentos.
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4. att. Stkbumbulu skaits razas frakcijas, jeb SskF (A) un frakcijas
ipatsvars (F%) kopeja sikbumbulu skaita (B) atkariba no mikroaugu
stadiSanas biezibas (MSB), vidéji 2014.—2016. g. Atskirigi mazie burti apzime
butiskas (p<0.05) atskiribas starp MSB atseviski katrai pétitajai frakcijai (atseviski A un B).

Atskirigi lielie burti apzZimé biutiskas atSkiribas starp stkbumbulu skaitu frakcija (A) un frakcijas
patsvaru (B) katras MSB ietvaros. Ja neviens burts nav pievienots, tad 95% limeni nepastav
butiskas atskiribas starp grupam (attiecigi mazie burti starp MSB, vai lielie burti MSB ietvaros).
Grupu salidzinasana veikta katrai $kirnei atseviski /

Fig. 4. Number of minitubers per size graze (A) and share of the size grade in

the total number of minitubers (B) depending on microplants density (MSB).
Different lowercase letters indicate significant differences (p<0.05) between MSB within each size
grade of minitubers( A) and B)separately). Different uppercase letters indicate significant
differences (p<0.05) between size grade (A) and between share of the size grade (B) within each
MSB separately If no letter is added, differences between groups are not significant at the 95%
probability level. Each variety is analysed separately
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Salidzinajuma ar bazes stadiSanas biezibu MSB63, skirnei ‘Monta’ ShS
relativais pieaugums bija lielaks neka PkoefS samazinasanas tikai pie MSB95 un
pie nakamajam MSB & izmainu tendence mainijas. Skirnei ‘Prelma’ SbS
relativais pieaugums, paaugstinoties MSB, parsniedza relativo PkoefS
samazinasanos vél pie MSB142, bet pie MSB184 tendence mainijas un PkoefS
samazinajas izteiktak neka pieauga SbS. Tikai ‘Mandaga’ pie augstakas MSB184
saglabdja relativo izmainu tendenci, kad SbS relativais pieaugums bija lielaks
neka PkoefS samazinajums (attiecigi 76% un -40%), lidz ar to $ai $kirnei
nepiecieSsamibas gadijuma var tikt pielietota vél augstaka MSB, saglabajot
lidzsvaru starp So raditaju izmainam, salidzinajuma ar bazes MSB. Vismazakas
relativas izmainas bija SbM, turklat tendence starp $kirném un MSB at$kiras un
bija gan pozitiva, gan negativa. Starp divam malgjam MSB S§is raditajs pieauga
skirném ‘Monta’ un ‘Mandaga”, bet samazinajas Skirnei ‘Prelma’. Savukart
SbAW visam S$kirn€m un starp visam analiz€tajam MSB samazinajas,
paaugstinoties MSB, visam $kirn€m saglabajot aptuveni lidzigu izmainu lielumu.

Korelativas sakaribas starp pétamajam pazimém. Veicot galveno
komponentu analizi, pirmaja galvenaja komponenta (PC1) tika apvienotas
pazimes, kuras saistitas ar stkbumbulu skaitu m? (SbS), bet otraja galvenaja
komponenta (PC2) apvienotas pazimes, kuras saistitas ar sikbumbulu razu (SbM)
(5. att.). PkoefS neietilpa neviena no jaunizveidotajiem komponentiem, jo ta
korelacija ar vienu no komponentiem (PC1) bija mazaka par 0.3, 1idz ar to Sai
pazimei bija loti maza slodze uz izveidotajiem PC. P&c slodzes uz PCI
visietekmigakais raditajs bija stkbumbulu skaits m? (SbS). Sikbumbulu skaita
pieaugums visvairak ietekméja sikbumbulu skaitu trijas mazako sikbumbulu
frakcijas, bet netika konstateta biitiska sakariba starp stkbumbulu skaitu frakcija
f4 (>20 g) un kopgjo sikbumbulu skaitu m?. Savukart tiei 3ai frakcijai bija
viscie$aka sakariba ar sikbumbulu razu (SbM), bet §is frakcijas ipatsvaram — ar
viena sikbumbula vid&jo masu (SbAW). Sikbumbulu skaitam f4 frakcija bija
negativa sakariba ar sikbumbulu skaitu pargjas frakcijas, kuras sava starpa
korelgja pozitivi. Konstatetas biitiskas un vidgji ciesas lidz ciesas sakaribas starp
SbAW un sikbumbulu skaitu visas frakcijas un visu frakciju Tpatsvaru.

Visciesaka sakariba novérota starp SbAW un lielako sikbumbulu frakcijas
(>20 g) Tpatsvaru un ta bija r=0.937, p<0.001, savukart ar par&jam sikbumbulu
frakcijam SbAW korel&ja vidgji ciesi lidz ciesi un negativi. Regresijas analize
paradija, ka lielako sikbumbulu frakcijas Ipatsvara pieaugums par 88%
izskaidroja viena sikbumbula vidgjas masas piecaugumu. Ari regresijas modeli
SbAW un katrai no mazakajam frakcijam bija statistiski butiski, tom&r ar tajos
ieglitajiem determinacijas koeficientiem vargja izskaidrot salidzinoSu mazaku
dalu SbAW varigsanas (32—-57% atkariba no frakcijas).
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5. att. Raditaju slodze uz galvenajiem komponentiem (PC) un sakaribas

starp pazimeém.
Violeti krasotas bultas (vektori) apzimé pazimes, kuram ir vislielaka ietekme uz citu attiecigaja PC

ietilpstoso raditaju variesanu. /
Fig. 5. Factor loadings on principal components (PC) and relatioships between

traits. Purple arrows indicate traits that has the highest loading on relevant PC
SbS — stkbumbulu skaits m?/ Number of minitubers per m?; PkoefS — pavairosanas koeficients
siltumnica / Multiplication rate in greenhouse; SbM — sikbumbulu raza/ Yield of minitubers; SbAW
— sikbumbula vid&ja masa / Average weight of minituber; SskF — sikbumbulu skaits frakcija /
Number of minitubers per size grade; F% — frakcijas patsvars kopgja stkbumbulu skaita, % / Share
of the size grade in the total number of minitubers
f1 — stkbumbulu frakcija 3.00-4.99 g/ size grade of minitubers 3.00-4.99 g
f2 — stkbumbulu frakcija 5.00-9.99 g/ size grade of minitubers 5.00-9.99 g
3 — stkbumbulu frakcija 10.00-19.99 g / size grade of minitubers 10.00-19.99 g
f4 — sikbumbulu frakcija >20.00 g / size grade of minitubers >20.00 g

Sikbumbulu agronomiskais sniegums lauka apstaklos

Sadig§anai nepiecieSamais laiks un laukdidziba. Regionos, kuros
kartupelus stada relativi vélu un kuros raksturiga liela makonainiba, kam atbilst
arT Latvijas apstakli, augi sanem salidzinosi mazak fotosintézei nepiecieSamas
saules radiacijas neka biitu nepiecieSams. Tapéc loti nozimiga ir atra augu, taja
skaita no sikbumbuliem, sadigSana, kurai seko strauja cera attistiba, lai uz
Ziemeliem vairak novietotajos regionos augi var&tu izmantot péc iesp&jas ilgak
augSanai, attistibai un raZas veidoSanai nepiecieSamo saules radiaciju.

Genotips jeb skirne un sikbumbulu frakcija (SbF) batiski ietekmgja laiku
1idz bija sadigusi 50% sikbumbulu (E50%), tomér frakcijas ietekme katrai $kirnei
paradijas tikai viena no audzeSanas gadiem (Skirn€m ‘Prelma’ un ‘Mandaga’ —
2015. gada, bet Skirnei ‘Monta’ — 2016. gada). Netika konstateta statistiski

25




butiska mijiedarbiba starp genotipu un SbF (E50% p=0.895). Visam $kirném
kalendarais laiks, kas bija nepiecieSams lidz sadiga 50% no iestaditajiem
sikbumbuliem, butiski atskiras starp gadiem, turklat atskiriba bija butiska visam
iestadito sikbumbulu frakcijam.Valdot siltakam gaisa temperataram 2014. gada
sezonas sakuma, sikbumbuli sadiga butiski atrak neka 2015. gada, kas bija
temperatiiras zina sadigsanai vismazak labvéligais gads. Skirnes ‘Monta’ liclakas
frakcijas stkbumbuliem 2015. gada bija nepiecieSamas 29 dienas p&c stadiSanais,
lai sadigtu vismaz 50% ceru, Skirnei ‘Prelma’ attiecigas frakcijas sikbumbuli
sadiga 17 dienas péc stadiSanas, bet Skirnei ‘Mandaga’ — 19 dienas péc
stadiSanas. Salidzinajuma 2014. gada tas attiecigi bija 19, 12 un 14 dienas.
Kopuma sikbumbulu sadigSanai labveligakajos 2014. un 2016. gados bija
raksturigs loti strauj$ digSanas sakums, it Tpasi starp 13. un 17. dienu péc
stadiSanas.

Lai raksturotu laiku, kas nepiecieSams dazadu frakciju sikbumbulu
sadigSanai vidgji tris gadiem, izvéleta konservativaka pieeja — augSanas gradu
dienas (GDD), kas paradija, ka Skirn€m ‘Prelma’ un ‘Mandaga’ mazakajiem
sikbumbuliem (3.00—4.99 g) nepiecieSams biitiski vairak GDD neka lielakajiem
sikbumbuliem (>20.00 g) (6. att.).

400
o 340
°. 280
8 220
O 160

100

Monta*** Prelma Mandaga
mf4>209 =f310.00-19.99g =f25.00-9.99g - f13.00-4.99g

6. att. L1dz 50% sadigSanai nepiecieSamais termalais laiks GDD, vidéji
2014.-2016. g. Atskirigi mazie burti apzime bitiskas (p<0.05) atSkiribas starp iestadito
stkbumbulu frakcijam katrai Skirnei atseviski. ™ Skirne butiski atSkiras (p<0.001) no
pargjam skirném katra stkbumbulu frakcija atseviski /

Fig. 6. Thermal time (GDD) to 50% emergence, average 2014-2016. Different
lowercase letters indicate significant differences (p<0.05) between size grades of
minitubers within variety. ™" variety had significantly (p<0.001)different GDD to 50%
emergence

Analiz€jot laukdidzibu jeb kopgjo sadigu$o ceru skaitu %, kas tika
noteikts 50. diena péc sikbumbulu stadisanas, konstatétas butiskas atSkiribas
starp Skirn€m un sikbumbulu frakcijam, bet faktoru mijiedarbiba nebija bitiska
(p=0.052). Skirnei ‘Monta’ sadiga biitiski mazak ceru katra stkbumbulu frakcija,
saltidzinajuma ar pargjo skirnu atbilstosajam frakcijam.

Neviena no audzeéSanas gadiem Skirnei ‘Monta’ netika noverota
100% laukdidziba, bet 2015. gada, kad, atkariba no SbF, sadiga tikai 68—84%
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sikbumbulu, laukdidzibas vertiba butiski at$kirds no konstatetas 2014. un
2016. gada, kuros divam mazako stkbumbulu frakcijam vidé&ji sadiga 85% ceru,
bet divam lielako sikbumbulu frakcijam — 92% ceru. Skirném ‘Prelma’ un
‘Mandaga’ nebija biitiskas atSkiribas starp gadiem sadiguso ceru skaita (attiecigi
p=0.086 un p=0.557) un visam sikbumbulu frakcijam novéroja 99-100%
laukdidzibu.

Lakstu saklauSanas vagas. Lai gan lakstu saklauSanos vagas var
ietekmét faktori, kas nav iesaistiti augu attistibas regulésana, pieméram, attalums
starp vagam, tomeér to uzskata par butisku kartupelu attistibu raksturojosu fazi, jo
tad augi sasniedz maksimalo fotosintgtisko virsmu, tapéc peéc iesp€jas agraka
augsnes nosegsana var pozitivi ietekmét razu.

Laiku dienas péc sadigsanas 1idz laksti saklaujas vagas butiski ietekméja
gan stkbumbulu frakcija, gan genotips. Laksti no lielakiem sikbumbuliem, lai ari
ne vienmér butiski, tomér saklavas atrak neka laksti no mazakiem sikbumbuliem.
Skirnei ‘Monta’ nepiecieSams biitiski mazak laika (vidgji 28 péc sadigsanas f1,
34 dienas f2), lai laksti saklautos. Skirnei ‘Prelma’ laksti no f4 sikbumbuliem
saklavas vidgji pec 31 dienas p&c sadigSanas, fl stkbumbuliem — 42 dienas péc
sadigsanas. Skirnei ‘Mandaga’ attiecigi 35 un 42 dienas péc sadigianas.
Novérotas arT butiskas atskiribas starp gadiem. Bitiski mazak laika p&c ceru
sadigsanas, lai laksti saklautos, bija nepieciesams 2015. gada, savukart 2016.
gada bija visizteiktakas atSkiribas atkariba no SbF, jo, iesp&jams, negativa
ietekme uz augu attistibu bija stiprajam lietusgazém junija tresaja dekadg, kuru
rezultata vargja samazinaties skabekla daudzums augsné.

Stublaju_skaits ceros, kuri izveidojusies no sikbumbuliem. Stublaju
skaits cera ir viena no bitiskakajam pazimém, kas raksturo iestadita s€klas
materidla fiziologisko stavokli un ceru augSanas sparu. Stublaju skaitam ir
butiska ietekme uz razas bumbulu skaitu gan no cera, gan rezultata ar1 no platibas.

Stublaju skaits bija butiski atkarigs gan no genotipa, gan no sikbumbulu
frakcijas. Skirnei ‘Monta’ bija biitiski mazak stublaju neka §kirném ‘Prelma’ un
‘Mandaga’ (2. tab.). Kopuma mazakais stublaju skaits ieglits no mazakajiem
sikbumbuliem (f1, 3.00-4.99 g) skirnei ‘Monta’ 2014. gada (1.3 stublaji), bet
lielakais — no lielakajiem sikbumbuliem (f4, >20g) Skirnei ‘Prelma’ 2016. gada
(4.7 stublaji). Visam §kirném no 4 sikbumbuliem iegiitajiem ceriem bija btiski
vairak stublaju neka tiem, kas iegiiti no f1 sikbumbuliem.

Bumbulu skaits cera un pavairoSanas koeficients (PkoeflL). Razas
bumbulu skaits no sadigusa cera parada skirnes potencialu, savukart izteikts ka
razas bumbulu skaits pret iestadito sikbumbulu skaitu jeb PkoefL, tas parada
faktisko situaciju razoSanas apstaklos, kad var nebiit noveérojama 100%
laukdidziba. Abu raditaju aprékinasanai $aja petfjuma izmantots >25 mm lielu
razas bumbulu skaits, kas ir mazakais kartupelu seklas materiala izmérs. Veicot
t-testu, tika noskaidrots, ka skirném ‘Prelma’ un ‘Mandaga’ atSkiribas starp razas
bumbulu skaitu no sadigusa cera un PkoefL nebija statistiski biitiskas (attiecigi
p=0.117 un p=0.054), bet skirnei ‘Monta’ $o raditaju vertibas savstarp&ji atskiras
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butiski (p<0.001), kas saistits ar skirnes zemo laukdidzibu pétijuma gados. TrTs
gadu vidgjais bumbulu skaits cera Skirnei ‘Monta’ bija 5.5 bumbuli no
mazakajiem (f1) un 8.1 bumbuli no lielakajiem sikbumbuliem (f4), bet PkoefL
bija attiecigi 4.2—7.6 razas bumbuli no cera.

2. tabula / Table 2
Stublaju skaits cera atkariba no Skirnes un sikbumbulu frakcijas, 2014.—
2016. g. / Number of stems per plant depending on variety and size grade of
minitubers, 2014-2016

Sikbumbulu Stublaju skaits cera / Number of stems per plant

frakcija, g / Monta™* Prelma Mandaga
Size grade of
minitubers, g | 2014 | 2015 | 2016 | 2014 | 2015 | 2016 | 2014 | 2015 | 2016

1.3 1.4 1.6

300499 | 3| L4 18 uen | 16c|16c|16b | 19¢c | 16¢
2500999 | 16b|13b|16¢c]|20b|18c|22¢c|21b]22¢ zbg
£31000-9.99 | 18 | L5 1 21 050 1 23b | 30b] 22 | 320|280

bAB | abB bA ab

25 1.7 3.1 3.3 4.0 4.7 3.3 4.1 4.2
aB aC aA aC aB aA aB | aAB | aA
AtskirTgi mazie burti apzimé biitiskas (p<0.05) atSkiribas starp iestadito sikbumbulu
frakcijam katrai Skirnei katra gada atseviSki. AtSkirigi lielie burti apzimé butiskas
at8kiribas starp gadiem katrai frakcijai un $kirnei atseviski. Ja neviens burts nav pievienots,
tad 95% Iimeni audzeSanas gadam nebija biitiska ietekme uz stubldju skaitu cera.”™
stublaju skaits cera Skirnei batiski atSkiras (p<0.001) no pargjam $kirném / Different
lowercase letters indicate significant differences (p<0.05) between size grades of
minitubers within variety and year. Different uppercase letters indicate significant
differences between growing years within size grade of minitubers and variety. If no letter
is added, growing year did not have a significant effect at the 95% probability level.
" variety had significantly different (p<0.001) number of stems

4 >20.00

Genotipa un sikbumbulu frakcijas (SbF), ka arT abu faktoru mijiedarbibas
ietekme gan uz PkoefL, gan uz razas bumbulu skaitu no sadigusa sikbumbula bija
biitiska.

Visam $kirném no lielakiem sikbumbuliem ieguva vairak razas bumbulu
gan aprekinot to ka >25 mm lielu razas bumbulu skaitu pret sadiguso ceru, gan
pret iestadito bumbuli (PkoefL) (7. att.). Kopuma $kirnei ‘Monta’ PkoefL bija
biitiski zemaks neka pargjam skirném, kuram S§is raditajs butiski neat$kiras un
bija no 5.8-11.2 skirnei ‘Mandaga’ un 5.8-13.1 skirnei ‘Prelma’.

Tika konstatéta bitiska pozitiva sakariba starp stublaju skaitu ceram un
>25 mm lielu razas bumbulu skaitu cera. Vid&ji visam skirn&m, pieaugot stublaju
skaitam cera par vienu stublaju, razas bumbulu skaits pieauga par 2.57 un stublaju
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skaits izskaidroja 74% no razas bumbulu skaita variéSanas.
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Monta*** Prelma Mandaga
f13.00-4.99g ®f25.00-9.999 f310.00-19.99g ®mf4>20¢g

©

PkoefL

P wo N

7. att. Sikbumbulu pavairoSanas koeficients (PkoefL) atkariba no $kirnes
un sikbumbulu frakcijas videji 2014.-2016. g.

Atskirigi mazie burti apzimé butiskas (p<0.05) atskiribas starp iestadito stkbumbulu
frakcijam katrai Skirnei atseviski. ™" $kirnes PkoefL bitiski at¥kiras (p<0.001) no pargjo
$kirnu PkoefL /

Fig. 7. Multiplication rate of minitubers (PkoefL) depending on variety and size
grade of minitubers, average 2014-2016. Different lowercase letters indicate
significant differences (p<0.05) between size grades of minitubers within variety.

“*variety had significantly different (p<0.001) PkoefL

Bumbulu_skaits un raZa no 1 m? Bumbulu skaitu, un razu no 1 m?
butiski ietekmg&ja gan Skirne, gan iestadito stkbumbulu frakcija (SbF). Dati
paradija, ka, pieaugot iestadito sikbumbulu frakcijai, pieaug gan razas bumbulu
skaits, gan to raza m2 (8. att.).

Skirnei ‘Monta’ ieguva vismazak razas bumbulu katra no frakcijam jeb
30.2 bumbulus m? no fl, 31.2 bumbulus no f2, 40.5 bumbulus no f3 un
54.3 bumbulus m? no iestaditiem f4 stkbumbuliem. Visvairak bumbulu no 1 m?
neatkarigi no iestaditas sikbumbulu frakcijas ieguva skirnei ‘Prelma’: 41.1 no f1,
53 no f2, 71.3 no f3 un 93.4 bumbulus m? no 4. Skirnei ‘Mandaga’ bumbulu
skaits m bija mazaks neka $kirnei ‘Prelma’, tomér neviena no SbF 95% Iimeni
tas nebija butiski mazaks.

Pieaugot SbF, pieauga ari no 1 m? iegiito bumbulu raZa, un visam $kirném
no f1 ieguva bitiski mazaku bumbulu razu m? neka no f4 sikbumbuliem. Skirnei
‘Monta’ no visu frakciju sikbumbuliem ieguva biitiski mazaku bumbulu razu m?
(2.1 kg no f1 Iidz 3.1 kg no f4) neka pargjam skirném (2.9-4.7 kg Skirnei ‘Prelma’
un 3.8-4.9 kg skirnei ‘Mandaga’). Vislielakais relativais razas bumbulu skaita un
razas pieaugums, pieaugot SbF, bija Skirnei ‘Prelma’, kurai no f4 stkbumbuliem
ieguva 2.3 reizes vairak razas bumbulu un 1.6 reizes lielaku bumbulu razu neka
no f1 stkbumbuliem.
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8. att. Razas bumbulu (>25 mm) skaits un raza, kg m?2 atkariba no $kirnes
un iestadito sikbumbulu frakcijas vidéji 2014.-2016. g.
f1ir 3.00-4.99 g, f2 ir 5.00-9.99 g, f3 ir 10.00-19.99, f4 ir >20 g stkbumbuli.
Atskirigi mazie burti apzZimé batiskas (p<0.05) atSkiribas starp iestadito sikbumbulu
frakcijam katrai Skirnei atseviski. Burti stabindiagrammas stabinu ieksieng apzime atskirbas
bumbulu skaita, bet virs trijsiiriem — at3kiribas pec razas. ~ $kirne bitiski atskiras (p<0.05) no
pargjam skirném katra sikbumbulu frakcija atseviski. *° skirne btiski atSkiras no pargjam skirém
péc bumbulu razas tikai f1 frakcija /
Fig. 8. Number and yield, kg m of progeny tubers (>25mm) per m? depending
on variety and size grade of planted minitubers, average 2014-2016.
f1is3.00-4.99 g, f2 is 5.00-9.99 g f3 is 10.00-19.99, f4 is >20 g size grades of planted
minitubers. Different lowercase letters indicate significant differences (p<0.05) in yield and
progeny tuber number between size grades of minitubers within variety. Letters inside the bars refer
to differences in number of tubers, letters at the triangles refer to yield differences. *variety had
significantly different (p<0.05) number and yield of tubers; *° variety had significantly different
yield of tubers only in f1

Galvenais iemesls tam, ka razas izmainas ir relativi mazak izteiktas,
saltidzinot ar bumbulu skaita izmainam, saistits ar razas bumbulu skaitu un videjo
masu. Laucinos, kuros ir lielaks razas bumbulu skaits, to vidéja masa samazinas,
lidz ar to samazinas razas piecaugums. P&tijuma iegiita sakariba (vid&ji visam
§kirném) starp bumbulu skaitu un vid&jo masu bija batiska, vidgji cie$a un
negativa (r=-0.521, p<0.001). So rezultatu visvairak ietekmgja tas, ka $kirnei
‘Monta’ bumbulu vid€ja masas samazindjums starp SbF nebija bitisks
95% Iimeni. Minéta sakariba atseviski Skirnei ‘Prelma’ bija cieSa, negativa
(r=-0.705, p<0.001), bet “‘Mandagai’ korelaciju raksturoja r=-0.693 (p<0.001).

Razas bumbulu sadalijums frakeijas. Kartupelu razas izmeérs ir viens no
galvenajiem razu raksturojoSiem raditajiem. Precu produkcijai atbilstoss
bumbulu lielums ir atkarigs no paredz&ta produkcijas izmantoSanas veida.
Svariga ir arT pec iesp&jas mazaka bumbulu izmera vari€$ana ap bumbulu vid&jo
izmeru.

Saja pétijuma razas sadaltjums frakcijas izteikts ka katra bumbulu izméra
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milimetra raza kilogramos m (9. att.).
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9. att. RaZas bumbulu sadalijums frakcijas, videji 2014.-2016. g.
f1 ir 3.00-4.99 g, 2 ir 5.00-9.99 g f3 ir 10.00-19.99, bet f4 ir >20 g stkbumbuli.  ir raZas bumbulu
izm&rs mm, kuram ir visbiezaka sastopamiba datu kopa; o ir standartnovirze. Atskirigi mazie burti
apzimé btiskas (p<0.05) p un o atskiribas starp iestadito stkbumbulu frakcijam katrai skirnei
atseviski. Atskirigi lielie burti apzimé bitiskas atSkiribas starp Skirném atseviski katrai iestadito
stkbumbulu frakcijai /
Fig. 9. Progeny tuber size distribution depending on size grade of planted
minituber and cultivar, average 2014-2016.
f1is3.00-4.99 g, f2 is 5.00-9.99 g f3 is 10.00-19.99, f4 is >20 g size grades of planted minitubers.
1 — the size grade of progeny tubers with the highest frequency in data set; o — standard deviation.
Different lowercase letters indicate significant differences (p<0.05) in p and o between size grades
of planted minitubers within variety. Different uppercase letters indicate significant differences
(p<0.05) between varieties within size grade of minitubers

Bumbulu izmérs ar visbieZako sastopamibu datu kopa (u) bija batiski
atkarigs gan no genotipa, gan no iestaditas sikbumbulu frakcijas (SbF), bet
mijiedarbiba starp faktoriem nebija butiska (p=0.470). Savukart bumbulu izméra
standartnovirze (o) bija butiski atkariga tikai no SbF, bet ne Skirne (p=0.188), ne
faktoru mijiedarbiba to butiski neietekméja (p=0.340).
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Izvertgjot grafisko attélojumu razas sadalijumam frakcijas (9. att.),
redzams, ka vistuvak normalam sadalfjumam atradas raza, kas ieglita no
f4 sikbumbuliem. Samazinoties SbF, visam S$kirn€m novéroja lielakas razas
proporcijas novirzisanos lielako razas bumbulu frakciju virziena. Tomer
jaatzime, ka skirnei ‘Mandaga’ visos variantos tika noverots, ka lielaka razas dala
atradas nevis vidgja, bet otraja lielakaja (45-55 mm) frakcija, kas kopuma ir visai
raksturigi vélinakam Skirném.

Visam Skirném p vertiba razai no mazakajiem sikbumbuliem (f1) bija
bitiski lielaka (47—51 mm) neka p vertiba razai no lielakajiem (f4) stkbumbuliem
(42-45 mm), 1idz ar to raza no mazakam SbF pieauga lielako razas frakciju dala.
Standartnovirzes veértiba bija robezas no 8.0-9.4 mm un tika novérota tendence,
ka tas vértiba pieauga, pieaugot u vértibai. Ss linearas sakaribas dél, variacijas
koeficientu (CVr) varétu uzskatit par stabilaku bumbulu izméra vairéSanas méru,
tapec variéSana ka standartnovirze (o) tika aizstata ar CVr un ta rezultata razas
W variéSana vairs biitiski neatSkiras starp razu no dazadam iestadito sikbumbulu
frakcijam (p=0.705). Vidgji razai no visam SbF CVr bija no 17% skirnei
‘Mandaga’ [idz 19% skirnei ‘Prelma’. Tad@jadi raza no katras pétitas stkbumbulu
frakcijas bija saméra viendabiga iegiito bumbulu zina, jo tika noverota relativi
neliela varié$ana ap vidgjo izméru p jeb bumbulu izméru, kuram novérota
visbiezaka sastopamiba katra datu kopa. Tas liecina, ka no visam sitkbumbulu
frakcijam potenciali var iegiit lielu proporciju noteiktam izm&ram atbilstoSas
precu produkcijas.

Sikbumbulu lauka vertiba

Ta ka AREI ne tikai sarazo sikbumbulus, bet veic pilnu kartupelu
s€klaudzgsanas ciklu, tad bija svarigi noskaidrot sikbumbulu audz€Sanas
efektivitati arT pirmas lauka paaudzes konteksta.

Pétijuma ietvaros tika izveidots stkbumbulu lauka vertibas koncepts, kas
sevl apvieno sitkbumbulu audzgSanas datus un to agronomiska snieguma lauka
apstaklos izvérte$anas rezultatus. Lauka vertiba noteikta gan siltumnicas 1 m?
(LaVpia), gan vienam mikroaugam (LaVma). Jo augstaka ir lauka vértiba, jo
efektivaka ir pielietota mikroaugu stadiSanas bieziba (MSB).

Gan viena mikroauga (LaVma), gan siltumnicas platibas vienibas (LaVpia)
lauka vertibu butiski ietekméja genotips un mikroaugu stadiSanas bieziba.
Pieaugot stadisanas biezibai, pieauga 1 m? izaudzeto sikbumbulu lauka vértiba,
bet no viena mikroauga iegtito sikbumbulu lauka vertiba samazingjas (10. att.).

Visam Skirném LaVpa augstakaja mikroaugu stadiSanas bieziba
(MSB184) bija butiski augstaka neka zemakaja bieziba (MSB63). Visaugstaka
LaVyia bija Skirnei ‘Mandaga’, kad siltumnica bija pielietota MSB184 un ta bija
3633 seklas materiala minimalajam izméram atbilstosi razas bumbuli pirmaja
lauka paudzg, kuri iegliti no >3 g sikbumbuliem izaugusiem 1 m? siltumnicas,
kura pielietota stadiSanas bieziba 184 mikroaugi m™. Turpretim zemaka LaVpia
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bija skirnei ‘Monta’ MSB63 (1641 razas bumbulis pirmaja lauka paaudzg).
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10. att. A) Siltumnicas laukuma vienibas (1 m?) lauka vértiba (LaVpi)* un
B) mikroauga lauka vértiba (LaVma)* atkariba no mikroaugu stadisanas
biezibas (MSB), vidg&ji 2014.-2016. g.

Atskirigi mazie burti apzimé biitiskas (p<0.05) atskiribas starp MSB katrai Skirnei atseviski.
Atskirigi lielie burti apzimé bitiskas (p<0.05) atskiribas starp skirném katra MSB atseviski.
#par 25 mm lielaku bumbulu skaits pirmaja lauka paaudzg, kuri iegiiti no visiem par 3 g smagakiem
1 m? siltumnicas platibas izaudz&tiem sikbumbuliem. # par 25 mm lielaku bumbulu skaits pirmaja
lauka paaudzg, kuri iegiiti no par 3 g smagakiem sikbumbuliem, kuri izaudz&ti no viena noteikta
stadisanas bieziba iestadita mikroauga /

Fig. 10 A)Field value of 1 m? of greenhouse (LaVpia)* and B) field value of a

microplant planted at a particular microplants density (MSB) (LaVma)*.
Different lowercase letters indicate significant differences (p<0.05) between MSBs within variety.
Different uppercase letters indicate significant differences (p<0.05) between varieties within MSB.
#the number of progeny tubers (>25 mm) in the first field generation obtained from all minitubers
>3 g grown in one m? at a particular PD
#the number of progeny tubers (>25 mm) in the first field generation obtained from all minitubers
>3 g obtained from one microplant planted at a particular PD

Visam skirném staditam MSB63 LaVma bija bitiski augstaka, salidzinot
ar MSB142 un MSB184. Visaugstaka LaVma bija Skirnes ‘Prelma’ mikroaugiem
staditiem MSB63 un no viena mikroauga, kur§ iestadits siltumnica Saja MSB,
ieglitajiem sikbumbuliem pirmaja lauka paaudzg ieguva 42 razas bumbulus, kuri
atbilda minimalajam kartupelu s€klas materiala izm&ram. Turklat §1 vertiba
Skirnei ‘Prelma’ bija batiski augstaka par abu pargjo skirnu rezultatiem, kas bija
26 bumbuli skirnei ‘Monta’ un 36 bumbuli Skirnei ‘Mandaga’. Savukart zemaka
LaVma bija skirnei ‘Monta” MSB184 jeb 13 bumbuli pirmaja lauka paaudzg.

Salidzinot aprékinatas lauka vertibas Skirném, redzams, ka Skirnei
‘Monta’ bija gan zemaka LaVpia, gan zemaka LaVma, lai arT tai bija relativi augsts
pavairo$anas koeficients siltumnica (2. att.), ka ar relativi augsts sikbumbulu
skaits 1 m? (1. att.). Lidz ar to tie$i salidzino$i zemais agronomiskais sniegums
lauka apstaklos, Tpasi pavairo$anas koeficients lauka apstaklos (PkoefL) (7. att.),
ietekmgja stkbumbulu lauka vértibas, kas visam MSB bija butiski zemakas neka

33



Skirnei ‘Prelma’ un trijas no Cetram MSB bija biitiski zemakas neka ‘Mandagai’.

AtSkirtbas starp Skirném ‘Prelma’ un ‘Mandaga’ 95% IimenI nebija
butiskas ne LaVpi, Ne LaVma, tomér sikbumbulu lauka vertibu izmainu raksturs
atkariba no MSB starp §kirném nedaudz at3kiras. Skirnei ‘Prelma’ bija augstaka
LaVpa no MSB63 lidz MSB142, bet pie MSB184 ta nedaudz samazinajas,
savukart skirnei ‘Mandaga’ turpinaja pieaugt, pasniedzot Skirnes ‘Prelma’ LaVpia.
Lidziga tendence, tikai pretgja virziena, bija arT attieciba uz LaVma.

LaVpa un LaVma izmainu tendences atbilda pavairoSanas koeficienta
siltumnica (PkoefS) un stkbumbulu skaita 1 m? (SbS) izmainu virzienam, toméer
LaVma samazinaSanas augstakas mikroaugu stadisanas biezibas (MSB) un LaVypa
pieaugums bija relativi mazaki neka PkoefS un SbS izmainas. Tadgjadi izpaudas
stkbumbulu pavairo$anas koeficienta lauka apstaklos korigejosa ietekme uz lauka
vertibam, jo PkoefL ir bitiski atkarigs no stkbumbulu frakcijas. Neskatoties uz
to, bija iesp&jams izveidot biitiskus linearas regresijas vienadojumus, ar kuriem
vargja izskaidrot vairak neka 94% LaVm, datu vari€Sanas un vairak neka 87%
LaVyia datu vari€Sanas (11. att.).
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11. att. Sakariba starp pavairoSanas koeficienta siltumnica (PkoefS) un
lauka vértibu vienam noteikta bieziba iestaditam mikroaugam (LaVma) un
sakariba starp iegiito sikbumbulu skaitu no 1 m? siltumnicas (SbS) un
lauka vertibu siltumnicas laukuma vienibai (m?) (LaVpia) /

Fig. 11. Correlation between multiplication rate in the greenhouse (PkoefS) and
the field value of a microplant (LaVma) and correlation between number of
minitubers (ShS) per unit area and field value of the respective unit
area (LaVpia)
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legitas sakaribas parada, ka gadijumos, kad audzESanas tehnologijas
izmainu ietekme stkbumbulu sadalijums frakcijas mainas aptuveni tada méra, ka

sikbumbulu agronomiska snieguma lauka apstak]os izvertgjumu.

Mikroaugu stadiSanas biezibas paaugstinasanas
ekonomiskas efektivitates izvertejums

Ta ka parciala budzeta analizes metode ieklau;j tikai tas izmaksas, kuras
izmainas, mainot audz&$anas tehnologiju, tad ar tas palidzibu var relativi
vienkarsi salidzinat ienemumus un zaud&jumus, kurus rada tehnologijas izmaina.

Parciala budZeta analize paradija, ka bruto ienémumi (BI) pieauga,
palielinot mikroaugu stadisanas biezibu (MSB) un bija augstaki tajas MSB, kuras
bija lielaks sikbumbulu skaits m?. Salidzinot dazadus raZo$anas scenarijus,
konstatgja, ka BI, lidz ar MSB paaugstinaSanu, relativi vismazak pieauga
A scenarija jeb aktualaja razoSanas scenarija AREI (mikroaugu un sikbumbulu
vértiba ir to paSizmaksa). ArT mainigas izmaksas (M) visos scenarijos pieauga,
paaugstinot MSB. Aprekinot neto ienémumus (NI), konstat§ja, ka punkts, kura
razosanas efektivitate kritas, mainoties MSB, atskiras starp skirném un razo$anas
scenarijiem. Tikai $kirnei ‘Monta’ visos razo$anas scenarijos NI MSB95 bija
augstaki neka NI MSB63.

Savukart vienigais scenarijs, kura NI MSB184 bija augstaki neka NI
MBS63 (3kirnei ‘Prelma’ attiecigi NI MSB142 augstaks neka NI MSB63), bija
B scenarijs (mikroaugu vertiba ir to pasizmaksa, bet sikbumbulu vértiba ir to
tirgus cena). VEértgjot NI un MI attiecibu (nosacijums, lai tehnologija per se biitu
akcept€jama ir NI > MI), konstatgja, ka bazes jeb A scenarija visam skirn€m biitu
akceptéjamas MSB63 un MSB95 (3. tab.). B scenarija, kur$ visvairak atbilst
audzé$anas agronomiskas efektivitates veért€jumam, akceptéjamas bija visas
MSB, iznemot MSB184 skirnei ‘Prelma’. Kopuma MSB63 ir akceptjama visos
scenarijos, iznemot $kirnei ‘Mandaga’ D scenarija. Tas nozimg, ka apstaklos, kad
mikroaugi biitu japérk un sikbumbuli japardod par tirgus cenu, $kirne ‘Mandaga’
biitu jaaudz€ zemaka mikroaugu bieziba neka MSB63.

Veicot dominances analizi, no talakas veérté$anas izslédza tas mikroaugu
stadiSanas biezibas (MSB), kuru mainigas izmaksas (MI) bija augstakas, bet neto
ienémumi (NI) — zemaki neka secigi ieprieksgjai MSB. Starp neizslégtajam
tehnologijam noteica robeZzienémumu likmi (Ril.) %. Robezienémumu analize
paradija, ka AREI aktualaja razoSanas scenarija (A scenarijs) skirnei ‘Monta’
pozitiva RiL bija tikai mainot tehnologiju no MSB63 uz MSB95 (12. att.). Skirnei
‘Prelma’ visas MSB virs MSB63 tika izslégtas, tomé&r MSB95 varétu tikt
pielietota, ja pieaugtu pieprasijums péc §is Skirnes sikbumbuliem, jo Saja MSB
izpildijas nosacijums NI > MI. Lidzigi vérté§jama tehnologijas maina Skirnei
‘Mandaga’ kurai RiL starp MSB63 un MSB9S5 bija tikai 6%. Savukart, lai arT RiL
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starp MSB95 un MSB184 ‘Mandagai’ bija pozitiva (4%), tomér MSB184 nav
ieteicama, jo $aja MSB NI < MI.

3. tabula/ Table 3
Neto ienémumu un mainigo izmaksu attiecibas analize atkariba no
mikroaugu stadisanas biezibas (MSB) un $kirnes / The ratio of net benefits to
variable costs depending on microplants density (MSB) and variety

Scendriis / Mikroaugu stadisanas bieziba,
J gab m2/ Monta | Prelma Mandaga

Seenario | p|anting density of microplants m2

MSB63 + + +
MSB95 + + +
MSB142 - - -
MSB184 - - -
MSB63
MSB95
MSB142
MSB184
MSB63
MSB95
MSB142 - - -
MSB184 - - -
MSB63 + + -
MSB95 - - -
MSB142 - - -
MSB184 - - -
Ja neto ien@mumi parniedz vai ir vienadi ar mainigajam izmaksam NI > MI, tad attieciba ir apzZiméta
ar “+”, bet ja neto ien@mumi ir mazaki neka mainigas izmaksas NI < M, tad attieciba apziméta ar “-
>
Cases where net benefits exceed or are equal to variable costs NI > MI are marked with “+”, cases
where net benefits are lower than variable costs NI < Ml are marked with “-”

D

B scenarija (mikroaugu vertiba ir to paSizmaksa, sikbumbulu vertiba ir
tirgus cena) bija vairak pozitivu RiL vértibu neka A scenarija. Skirnei ‘Mandaga’
katra nakama MSB sniedza pozitivu RiL, salidzinot ar mazako blakusesoso MSB,
turklat augstaka RiL jeb 61% bija starp MSB142 un MSB184. Skirnei ‘Monta’
noteikti ir ieteicama tehnologijas maina no MSB63 uz MSB95, jo ta nodro$ina
RiL 106%, talakas izmainas, neskatoties uz to, ka MSB142 un MSB184 neto
ienémumi parsniedz mainigas izmaksas, nebuitu akcept&jamas, jo RiL veértibas ir
negativas. Savukart skirnei ‘Prelma’ vieniga akcept&jama tehnologijas maina $aja
scenarija bija no MSB63 uz MSB142.
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12. att. Mikroaugu stadiSanas biezibas (audzeSanas tehnologijas mainas)
neto ienémumu likne un robeZienémumu likme (RiL)

Uz linijam novietototie markieri picaugosa seciba (pirmais markieris apzZimé MSB63 bet pedgjais
attiecigi MSB184) apzimé mikroaugu stadiSanas biezibas (MSB) atraSanas vietu uz mainigo
izmaksu ass. MSB, kuras izslégtas péc dominances analizes, ir savienotas ar partrauktam Iinijam.
Neizslegtas MSB savienotas ar nepartrauktam Itnijam /

Fig. 12. Net benefit curve of minituber production and marginal rate of return
(RiL) Microplant densities that are not dominant are connected with solid lines. Lines are dashed
between microplant densities (MSB) that are excluded upon the dominance analysis. Markers
denote MSBs and are arranged in ascending order of MSB (the first marker of the relevant scenario
indicates MSB63, the last — MSB184)

C un D scenarijos ne skirnei ‘Prelma’, ne ‘Mandaga’ MSB paaugstinasana
virs MSB63 nav rentabla. Turklat skirnei ‘Mandaga’ D scenarija biitu ieteicams
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pat samazinat mikroaugu stadiSanas biezibu zem MSB63, lai neto iepémumi
parsniegtu mainigas izmaksas. Skirnei ‘Monta’ abos scendrijos bija pozitiva RiL,
mainot tehnologiju no MSB63 uz MSB95, tomér izvéle par labu augstakai MSB
bitu jabalsta citos apsverumos, no kuriem galvenie ir pieejama siltumnicu platiba
un sikbumbulu skaits, kuru nepiecie$ams saraZot. Turklat D scenarija, neskatoties
uz RiL 16% starp MSB63 un MSB95, MSB95 neizpildijas nosacijums, ka NI >
M.

Jutiguma analize paradija, ka AREI aktualaja razoSanas A scenarija
(mikroaugu un sikbumbulu vértiba ir to pasizmaksa) maksimala pielaujama
mikroaugu pasizmaksa $kirnei ‘Monta’ biitu 0.87 EUR gab™, $kirnei ‘Prelma’ —
0.82 EUR gab?, bet skirnei ‘Mandaga’ — 0.74 EUR gab?. Ja mikroaugu
pasizmaksa pieaugtu virs STm vertibam, biitu nepiecieSams pazeminat mikroaugu
stadi¥anas biezibu zem 63 mikroaugiem m=2. Savukart B scenarija (mikroaugu
vertiba ir to pasizmaksa, bet stkbumbulu vértiba ir to tirgus cena) pielaujama
augstaka mikroaugu pasSizmaksa, lai varétu saglabat esosos standarta MSB63.

Mikroaugu audzéSanas panémiena pécietekme
uz sikbumbulu skaitu un razu siltumnica

Mikroaugu vertiba veido lielako proporciju no sikbumbulu razoSanas
izmaksam AREI. Mikroaugu paSizmaksu var samazinat vai nu palielinot
razoSanas apjomu, vai ari razoSana pielietojot pan€mienus, kuri izmaksatu mazak
neka aktuali pielietotie. Svarigi, lai $adi pan€mieni negativi neietekmétu
mikroaugu pavairoSanas raditajus un tiem nebiitu negativa pécietekme uz
sekojoso stkbumbulu razu siltumnica.

Parstadot mikroaugus ex vitro apstaklos (pieméram, kiadras substrata
siltumnicad), tie sakotngji tiek paklauti stresa apstakliem, no kuriem nozimigakais
ir pazeminata mitruma raditais stress, salidzinajuma ar apstakliem in vitro.

Tapéc —jo labak attistits (lielaka masa, kas ietver ari lielaku lapu laukumu,
labi izveidojusas saknes) ir mikroaugs pirms izstadi$anas ex vitro, jo lielaka
iesp€ja, ka tas atrak aklimatiz€sies un izdzivos jaunajos apstaklos. Ta ka AREI
nepielieto mikroaugu pakapenisku nortidiSanu, tad labi attistitiem mikroaugiem
ir jo lielaka nozime.

Morfologiskdas pazimes ar daZadiem panémieniem izdaudzétiem
mikroaugiem. P&c morfologisko pazimju salidzinasanas, jasecina, ka nevienai
no $kirn€m neviens no modificétajiem audze€Sanas panemieniem kopuma nedod
sliktakus rezultatus, salidzinot ar standarta pan€mienu jeb audz&Sanu stikla
mégenés pilditas ar MS barotni bez pievienotiem vitaminiem un citam
organiskajam vielam péc MS (MMS). Tikai §kirnei ‘Prelma’ varianta, kad
mikroaugu audzgti cilindriskos plastmasas traukos pilditos ar MS barotni bez
pievienotiem vitaminiem citam organiskajam vielam péc MS (AMS) diviem
morfologiskajiem parametriem iegiti butiski zemaki rezultati (4. tab.). Kopuma
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vislabakie rezultati abam Skirném iegiiti varianta, kura mikroaugi audzeti
cilindriskos plastmasas trauko pilditos ar MS barotni, kurai pievienoti vitamini
un organiskas vielas pec MS (AMSV), tomér §1 varianta pielietoSana nebiitu
velama, jo pastav lielaks kontaminacijas risks, turklat vitaminu pievienoSana
barotnei, lai arT nedaudz, tomér paaugstina tas izmaksas.

4. tabula / Table 4
Dazadu mikroaugu audzéSanas panémienu salidzinajums ar
standarta audzeSanas panémienu (kontroli) / Comparison of different
propagation methods of microplants with standard method (control)

Mikroaugu morfologijas Skirne / Mikroaugu audzg$anas panémiens /
pazime / Morphological traits Vériety Growing treatment of microplants
of mlcroplants AMS* AHMS# | AMSV##
Stublaja masa / Weight of Monta == == ++
shoots Prelma == == ++
Stublaja garums / Height Monta == == --

of shoots Prelma - == ==
Starpmezglu posmu skaits Monta == == ==

| Number of shoots’ nodes Prelma —— —+ ——
Starpmezglu posmu Monta —_— — ——
garums / Lenght of

internodes Prelma - == ==
Mikroauga masas—garuma Monta ++ == ++
attiectba / Weight-height

ratio of microplant Prelma == == ++
Saknu masa / Monta == == ++
Weight of roots Prelma == == —
Saknu-stublaja masas Monta == == ++
attieciba /

Root-shoot ratio Prelma ++ - -

AMS ir cilindrisks plastmasas trauks ar MS barotni bez vitaminiem; AMSV ir cilindrisks plastmasas
trauks ar MS barotni un pievienotiem vitaminiem; AHMS ir cilindrisks plastmasas trauks ar
samazinatas koncentracijas MS barotni bez vitaminiem.
++ batiski (p<0.05) lielaka vértiba neka kontroles variantam MMS; -- bitiski (p<0.05) mazaka
vertiba neka kontroles variantam MMS; == vértiba batiski (p>0.05) neatskiras no kontroles varianta
MMS; nav datu /
AMS is cylindrical plastic container with MS medium without vitamins; AMSV is cylindrical plastic
container with MS medium containing vitamins; AHMS is cylindrical plastic container with MS
medium containing half strengt macrosalts without vitamins.
++ value significantly (p<0.05) exceeded control treatment MMS; -- treatment resulted in
significantly lower (p<0.05) value than control treatment MMS; == no significant difference
(p>0.05) between the relevant treatment and control treatment MMS detected; — no data
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No barotnes izmaksu samazinasana viedokla abam Skirném ieteicams
audz&Sanas pan€miens, kad mikroaugus audze cilindriskos platsmasas traukos
pilditos ar MS barotni, kura uz pusi samazinata makrosalu koncentracija un nav
pievienoti vitamini un citas organiskas vielas pec MS (AHMS). AREI turpmak
biitu nepieciesams parbaudit MS barotnes ar samazinatu mikrosalu koncentraciju
izmantoSanas iespgjas.

Misdienas ir iesp&jams parstradat dazadu plastmasu materialus, taja
skaita traukus no polipropiléna, kuri izmantoti $aja petjjuma. Vienreizlietojamu
parstradajamu trauku izmantoSana pédgja mikroaugu pavairoSanas pasaza var
uzlabot razoSanas efektivitati no darbaspéka un elektroenergijas izmaksu
samazinasanas viedokla. P&tljuma gaita aprékinats, ka $adu trauku iegades
izmaksas ir 3.6-5.4 reizes zemakas, salidzinot ar Iidz $im izmantoto stikla
mégenu mazgaSanai nepiecieSamajam darbaspéka izmaksam. Pievienojot
mazgasanai nepiecieSamo tidens un elektribas resursu izmaksas, §1 starpiba butu
pat lielaka. Tadgjadi vienreizlietojamo trauku izmantosana kartupelu
mikropavairo$ana var nozimigi samazinat razoSanas izmaksas.

Raza siltumnica. Lai gan audzEéSanas pan€mieni ietekm&ja mikroaugu
morfologiskos parametrus, tomér tiem nebija bitiska pecietekme uz sikbumbulu,
kuri iegiti siltumnica no attiecigaja varianta izaudz&tajiem mikroaugiem, skaitu
un masu (5. tab.).

5. tabula / Table 5
Mikroaugu audzésanas panémiena pécietekme uz
sikbumbulu raZas parametriem (p vértibas) vidéji 2014. un 2017. g. /
Effect of propagation treatment of microplants on subsequent
yield parameters of minitubers (p-values), average 2014-2017

No viena No viena
No viena mikroauga mikroauga
No viena mikroauga iegiito iegito >3 g
mikroauga iegiitie sikbumbulu sikbumbulu
iegtlitie sikbumbuli kopgja kopgja
Skime /| sikbumbuli, ar masu > masa, g / masa, g/
Variety gab / Number 3g,0ab/ Total Total
of minitubers Number of weight of weight of
per minitubers minitubers minitubers
microplant >3 g per per >3 g per
microplant microplant, microplant,
9 g
Monta 0.569 0.340 0.585 0.551
Prelma 0.503 0.639 0.530 0.378

Saja pétijuma novérotas mikroaugu morfologijas izmainas nebija tik
nozimigas, lai tam biitu butiska pozitiva pécietekme uz sekojoSo sitkbumbulu
razu. Tomer, ta ka pé€tljuma neviena no variantiem, salidzinot ar kontroli,
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sikbumbulu skaits un raza ar butiski nesamazinajas, tad var uzskatit, ka nebija
agronomiskas nozimes izmantotajiem mikroaugu audzesanas pan€mieniem. Lidz
ar to mikroaugu pavairo$anai to pedg€ja pasaza var izmantot resursu izmantoSanas
zina efektivako pan@mienu, kas $aja p&tijuma bija variants AHMS.

41



SECINAJUMI

. Paaugstinot mikroaugu stadiSanas biezibu siltumnica (MSB), ir iespg&jams
uzlabot stkbumbulu audzésanas efektivitati, ieglistot vairak stkbumbulu no
1 m?. Pétijuma tika novérotas atkiribas starp genotipam piemérotako MSB,
kura stadiSanai lauka apstaklos piem&roto sikbumbulu (>3 g) skaits turpinaja
pieaugt. Skirném ‘Monta’ un ‘Mandaga’ agronomiski efektivaka MSB bija
augstaka no pétitajam (184 mikroaugi m2jeb MSB184), bet $kirnei ‘Prelma’
— MSB142. Ja ir ierobezota audzesanas platiba un ir brivi pieejams liels
daudzums mikroaugu, tad var pielietot art MSB184, jo stkbumbulu skaits nv?
Saja MSB skirnei ‘Prelma’ butiski nesamazinajas. Paaugstinot stadiSanas
biezibu siltumnica, skirn€m samazinajas pavairosanas koeficients siltumnica,
iegiistot mazaku >3 g smagu sikbumbulu skaitu no viena iestadita mikroauga.
(1. un 4. téze)

Sikbumbulu razu raksturojoSu raditdju izmainu tendences MSB izmainu
ietekmé siltumnica starp genotipiem atskiras, tapéc arT turpmak atseviski
javerte katra audzeta skirne. (1. un 4. teze)

. Paaugstinot MSB samazinajas stkbumbulu vid&ja masa, tomer saglabajas
sikbumbulu frakciju proporcijas novirze lielako stkbumbulu frakciju virziena.
Tatad, nepieciesamibas gadijuma mikroaugu stadiSanas bieziba varttu tikt
paaugstinata vel vairak, atseviski izvertgjot genotipu Ipatnibas. (1. un 4. téze)
. Pirmaja lauka paaudz€ mazakiem sikbumbuliem bija raksturiga leénaka
sadigSana, velaka lakstu saklausanas vagas, tiem veidojas mazak stublaju.
Skirnei ‘Monta’ mazakajiem sikbumbuliem novérota ne tikai batiski zemaka
laukdidziba skirnes ietvaros, bet arl visu frakciju sikbumbulu zemaka
laukdidziba, salidzinajuma ar $kirn€m ‘Prelma’ un ‘Mandaga’. NepiecieSama
stkbumbulu glabasanas apstaklu ietekmes uz laukdidzibu izpg&te. (2. téze)

. Lauka apstaklos visam $kirném no lielakiem sikbumbuliem ieguva lielaku
razas bumbulu skaitu gan aprékinot to ka >25 mm lielu razas bumbulu skaitu
pret sadiguso ceru skaitu, gan pret iestadito bumbuli (pavairosanas koeficients
lauka apstaklos). Skirnei ‘Monta’ visam frakcijam bija bitiski zemaks
pavairoSanas koeficients lauka apstaklos neka Skirném ‘Prelma’ un
‘Mandaga’. (2. téze)

. Gan viena mikroauga (LaVma), gan siltumnicas platibas vienibas (LaVpia)
lauka vertibu bitiski ietekméja genotips un mikroaugu stadiSanas bieziba.
Pieaugot stadiSanas biezibai, pieauga viena kvadratmetra izaudzeto
sikbumbulu lauka vértiba, savukart no viena mikroauga iegiito stkbumbulu
lauka vértiba samazinajas. Sadas izmainu tendences atbilda pavairoanas
koeficienta siltumnica un sikbumbulu skaita m? izmainu virzienam, tomer
izpaudas ari sikbumbulu pavairo$anas koeficienta lauka apstaklos korigejosa
ietekme uz lauka vertibam, jo pavairoSanas koeficients lauka apstaklos bija
butiski atkarigs no sikbumbulu frakcijas. Bija iesp&jams izveidot bitiskus
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10.

linearas regresijas vienadojumus starp LaVma un pavairoSanas koeficientu
siltumnica un starp LaVpi, un sikbumbulu skaitu m™2. (3. un 4. téze)

legttas sakaribas starp viena mikroauga lauka vertibu un pavairoSanas
koeficientu siltumnica un starp siltumnicas platibas vienibas lauka vertibu un
stkbumbulu skaitu no 1 m? paradija, ka gadijumos, kad mikroaugu stadisanas
biezibas izmainu ietekm& sikbumbulu sadalfjums frakcijas mainas aptuveni
tada mera, ka tas bija Saja pétljuma, mikroaugu stadiSanas biezibas
paaugstinasSanas efektivitati iesp&ams vertét, papildus neizvertgjot
sikbumbulu agronomisko sniegumu lauka apstaklos. (3. teze)

Veicot parciala budzeta analizi, konstatéts, ka aktualajos sikbumbulu
razosanas apstaklos AREI (mikroaugu pasSizmaksa 0.54 EUR, stkbumbulu
paSizmaksa 0.41 EUR jeb A scenarijs) no visam pétitajam mikroaugu
stadiSanas biezibam visam Skirn€m per se bija akcept€jamas tikai divas
zemakas mikroaugu stadiSanas biezibas (MSB) (63 un 95 mikroaugi m?).
Vertejot MSB paaugstinasanas ekonomisko efektivitati ar robezienesiguma
analizes metodi, tika noskaidrots, ka Skirnei ‘Monta’ A scenarija pozitiva
robezienesiguma likme (RiL) bija tikai mainot tehnologiju no MSB63 uz
MSB95. Skirnei ‘Prelma’ visas MSB virs MSB63 tika izslegtas, tomér
MSB95 varétu tikt pielietota, ja pieaugtu pieprasijums péc §is Skirnes
sikbumbuliem, jo $aja MSB izpildijas nosacljums, ka neto ieguvums
parsniedz mainigas izmaksas. L1dzigi vért€jama MSB paaugstinasana Skirnei
‘Mandaga’ kurai RiL starp MSB63 un MSB95 bija tikai 6%. Savukart, lai ar1
RiL starp MSB95 un MSB184 skirnei ‘Mandaga’ bija pozitiva (4%), tomér
MSB184 nav ieteicama, jo $aja MSB neto ieguvums bija mazaks par
mainigajam izmaksam. Ja mikroaugi butu jaiegadajas par tirgus cenu, tad
akceptgjama butu tikai MSB63 un pat zemakas MSB, bet, ja sikbumbulu
vertiba bitu tirgus cena, tad Skirnei ‘Mandaga’ efektiva biitu MSB
paaugstinasana lidz MSB184, skirnei ‘Prelma’ lidz MSB142, bet Skirnei
‘Monta’ Ilidz MSB95.(4. teze)

AREI pielietoto mikroaugu pavairo$anu stikla mégengs, pilditas ar pilnas
koncentracijas Murasiges — Skuga barotni, p&dgja pavairoSanas cikla
aizvieto$ana ar audzgéSanu vienreizlietojamos plastmasas traukos MS barotné
ar samazinatu makrosalu saturu batiski neietekmgja mikroaugu morfologiju
un neatstaja negativu pécefektu uz sekojoso sikbumbulu razu siltumnica no
§adi pavairotiem mikroaugiem. Sada mikroaugu pavairodanas tehnologijas
maina lautu samazinat mikroaugu raZzoSanas izmaksas (5. téze).

Sikbumbulu audzétajam lémumu pienemsanu par visefektivako mikroaugu
stadiSanas biezibu var bt atkariga no vairakiem apsveérumiem, pieméram, vai
audzeSanas teritorija ir speka 3G (sertific€ta s€kla tris paaudzes)
s€klaudzesanas stratégija, kura janodrosina liels skaits stkbumbulu, vai ari
nepieciesams atri ieviest razo$ana jaunu kirni. Sada gadijuma agronomiskas
efektivitates aspekti var dominét par ekonomiskiem apsverumiem.
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Pateicibas

Paldies Latvijas biozinatnu un tehnologiju universitates doktorantiras
skolai un ESF lidzfinans€tajam projektam ,,LLU pareja uz jauno doktorantiiras
finansé$anas modeli” Nr.8.2.2.0/20/i/001 par iesp&ju pabeigt promocijas darba
sagatavoSanu. Paldies AREI kolektivam Prickulos (lidz 2015. gadam — Valsts
Priekulu laukaugu selekcijas institiits). Ipass paldies Dr. agr. llzei Skrabulei par
iepazistinaSanu ar kartupelu pasauli, par atbalstu izm&ginajumu iekarto$anas
organiz€sana, par vertigajiem padomiem un diskusijam. Visam Kartupelu
atveseloSanas laboratorijas kolektivam par tehnisko atbalstu mikroaugu
sagatavo$ana un izméginajumu nodro$inasana, Ipasi misu bijusajai kolegei
Erikai Anmanei (agrak — Kukemilkai) par lauka novérojumu veik$anu un raZas
apstradi 2015. gada manas prombiitnes laika. Paldies Leldei Skrabulei un Ligai
Auzinai par palidzibu lauka izméginajumu razas novak$ana. Paldies arl manai
bijusajai kolegei levai Mezakai, kura palidzgja izveidot matematisku formulu
razas no sikbumbuliem sadalijuma frakcijas vértéSanai. Paldies visam kolggem,
kuras palidzgja orientéties terminologijas pasaul€, bija ar mieru diskutét par
dazadiem metodiskiem jautajumiem un sniegt citu nepiecieSamo atbalstu.

Paldies Latvijas biozinatnu un tehnologiju universitates Ekonomikas un
sabiedribas atfistibas fakultates p&tnickiem Dr. oec. K. Naglim-Liepam un
L. Proskinai, ka arT manai kolégei Dr. oec. S. Cerinai par konsultativo atbalstu
ekonomiskas efektivitates vertesana.

Esmu pateiciga AREI par nodroSinato iesp&u apmeklét zinatniskas
konferences, kuru laika bija iesp&ja sastapt licliskus zinatniekus, kuri katrs ir
viens no spozakajiem ekspertiem sava ar kartupelu pétniecibu saistita
apaksnozaré. Ipads paldies prof. V. Lommenai (W. J. M. Lommen) no
Vageningenas universitates par diskusijam veltito laiku, kuru rezultata radas ideja
par lauka vertibas konceptu. V. Lommenas plasa petnieciska darbiba, vinas
publikacijas un diskusijas paustais kalpoja par pamatu promocijas darba
izm€ginajumu metodikas izveidoSana. Paldies prof. J. Hagmanei (J. Hagman) no
Zviedrijas lauksaimniecibas universitates (SLU), kura dalijas sava ar
sikbumbuliem saistito p&tijumu pieredz€ un kura nodroSinaja mani ar sevis
izstradata promocijas darba t€zém. Paldies dr. D. Firmanam (D. Firman) no
KembridZzas universitates, kur§ lava izprast un pielietot promocijas darba
izmantoto pieeju razas bumbulu sadalfjuma frakcijas vertéSanu (raza lauka
apstaklos).

Paldies manai gimenei par sapratni, ka laiks ir viens no butiskakajiem
resursiem promocijas darba rakstiSana. Paldies Janim par atbalstu miisu mazas
meitinas audzinasana, kad man, vinai vél pavisam mazai esot, bija jadodas
komandgjumos, lai prezentétu pétijuma rezultatus. Paldies manai meitai Rasai
Ilzei par vinas vecuma tik dzilo izpratni par pétnieciska darba specifiku un to,
kapéc nepieciesams, lai mamma uzrakstitu So paso darbu.
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INTRODUCTION

Potato (Solanum tuberosum L.) production is one of the essential
agricultural sectors in Latvia, which provides potatoes for direct consumption and
processing. One of the prerequisites for its development is the availability and
use of quality seed material. Scientists forecast that due to climate change and the
increasing spread of diseases, including viral diseases, the most favourable areas
for potato seed growing will shift to the Northern regions. Currently, the potato
seed production scheme existing in the EU and Latvia states that 7 field
generations are possible until certified seed material. However, Nordic
researchers predict that the spread of pathogens will increase significantly in this
region as well. In Latvia, growing high-quality potato seed material in the field
is not favourable due to the high pressure of potato virus vectors (aphids - Aphis
spp.). One of the solutions to increase the availability of seed material is
increasing the efficiency of minituber (potato seed material of the PBTC
category) production under controlled conditions. Increasing the number of
produced minitubers would help reduce the number of field generations, which
could be especially important for varieties that are more susceptible to viral
diseases. In several countries (mainly in South America, Africa and Asia), the so-
called 3G strategy has already been implemented, which provides certified seeds
in three field generations. To achieve the goal of the 3G strategy, emphasis is
placed on increasing the production of the first seed generation (minitubers).

To date, few studies on potato seed production have been conducted in
Latvia, especially on the production of high-grade seed material. The most
remarkable studies before the 21st century were carried out on the effects of viral
diseases on potato yield. Also, in the last century, several studies on potato seed
yield depending on the size of seed tubers and the planting distance between them
have been conducted. Research on minituber production technology (growing in
boxes, plastic film beds and rolls) started at the beginning of this century;
however, only one article was published on the results.

The experience of other countries in the production of minitubers cannot
always be directly applicable, as the opportunities to invest additional resources
in both technology and labour must be critically evaluated. Relatively few studies
on minituber production efficiency not only per se but also connecting it to the
multiplication rate in the first field generation have been conducted abroad. The
economic efficiency of minituber production has rarely been studied, and there
have been no such investigations in Latvia to date. Previous studies evaluating
the quantitative yield data in the first field generation have paid little attention to
the yield of seed size tubers depending on the size or weight of the planted
minitubers.

There is little information available about the possible impact of in vitro
growing technology (modified medium, different vessels) of microplants on the
yield of minitubers in the greenhouse and the possibilities to reduce production
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costs by simplifying the applied technologies.

The aim of the thesis

To evaluate the possibilities of improving the efficiency of potato
minituber production by changing the planting density of microplants in the
greenhouse to ensure a high yield of high-quality seed potato of the first category
under field conditions.

Research tasks

1. To assess the effect of increasing the microplant planting density on the
number of minitubers of different varieties in the greenhouse.

2. To assess the effect of minituber size on the development of plants and seed
yield of different potato varieties under field conditions.

3. Todetermine the field value of the greenhouse unit area and of one microplant
depending on the microplant planting density.

4. To evaluate the economic efficiency of changes in microplant planting
densities (minituber growing technology) in a greenhouse.

5. To examine the effects of the propagation method of microplants on the
morphology of microplants and the subsequent effects on the number and
yield of minitubers in a greenhouse.

Hypothesis of the thesis

The agronomic efficiency of potato minituber production can be increased
without significant financial and technological investment, but the most
agronomically efficient growing technology is not always the most cost-effective.

Thesis to be defended

1. By increasing the planting density of potato microplants in the greenhouse,
the number of minitubers per unit area increases significantly, but the weight
of one minituber decreases. At the same time, the number of minitubers
obtained from one microplant, or the multiplication factor, also decreases.

2. The development of potato plants from minitubers and the yield of seed tubers
obtained (number and weight per area) depend on the size grade of the planted
minitubers. Significant differences between varieties exist.

3. The field value of unit area of the greenhouse increases with increasing
planting density of microplants; at the same time, the field value of one
microplant decreases.

4. Increasing the planting density of microplants in the greenhouse increases the
agronomic efficiency of production (the number of minitubers per 1 m? and
field value of 1 m? of greenhouse), but the economic efficiency depends on
the value of microplants and minitubers: whether it is the cost price or the
market price.
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6. The simplification of the technology used in the last passage for the
propagation of microplants reduces the cost of production of microplants
without having a negative impact on the subsequent yield of minitubers.

The novelty of the thesis

1. Plant development and yield from minitubers in the first field generation
depending on their size (grade) have not been assessed in Latvia.

2. An innovative field value concept and corresponding formulas have been
created by combining data on the results of minituber production in the
greenhouse depending on the applied microplant planting density and the
data on field performance of minitubers obtained in the relevant microplant
density depending on their size (grade).

3. An evaluation of the economic efficiency of minituber production
depending on the growing technology has never been carried out in Latvia.
For the first time in Latvia, partial budget and marginal return rate analysis
was used to assess the economic effect of changes in production
technology.

4. In Latvia, the possible after-effect of changes in the morphology of potato
microplants caused by the microplant propagation technique on the yield
of minitubers in the greenhouse has not been evaluated thus far.

Approbation of study results
Based on the results of this study, 7 publications have been prepared, five of
which are indexed in Scopus and/or Web of Science databases, and 6 oral and
5 poster presentations have been presented in international scientific conferences.
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MATERIALS AND METHODS

Three trials were conducted as an experimental part of doctoral research
in the period from 2014 to 2017.

From 2014 to 2016, two separate trials were conducted using three potato
varieties, 'Monta' (early variety), 'Prelma’ (medium early) and 'Mandaga’
(medium late), developed at the Institute of Agricultural Resources and
Economics (AREI):

I To evaluate the effect of increasing microplant planting density
(growing technology) on vyield data of minitubers from different
varieties, trials in greenhouse used for potato minituber production
were carried out. The obtained data were used for evaluation of
agronomic and economic efficiency and for calculation of field value.

Il. Field trials were carried out with the aim of assessing the effect of the
size of minitubers on potato plant development and seed yield of
different varieties in the first field generation. The obtained data were
used for evaluation of agronomic and economic efficiency and for
calculation of field value.

A combined trial was conducted from 2014 to 2017 to determine the effect
of the composition of the medium and vessels used for the propagation of
microplants on the morphological traits of microplants and the subsequent effects
on the number and yield of minitubers in the greenhouse. Two varieties (‘'Monta'
and 'Prelma’) were evaluated. The experiment was carried out in two stages.

Ill.a. Laboratory experiment using different mediums and growing vessels
for propagation of microplants. As a result, morphological traits
depending on the propagation method were assessed.

Ill.b. Greenhouse experiment. Microplants obtained in experiment Ill.a.
were used, and the possible after-effect on the yield of minitubers was
assessed.

The evaluation of the economic efficiency using the data obtained in the
trials was carried out in 2020 and 2021.

Methodology for evaluating the effect of potato microplant planting density
on yield parameters of minitubers

Experimental design. The microplants of the potato varieties needed for
the study were propagated in the Potato tissue culture laboratory of AREI.
When the required amount of microplants was obtained, they were planted at
four different densities (hereinafter referred to as MSB):

e 63 microplants m? (MSB63)
e 95 microplants m? (MSB95)
e 142 microplants m? (MSB142)
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e 184 microplants m2 (MSB184)

The microplants were planted in the plastic film-covered greenhouse
intended for the production of potato seed material of the PBTC category
(minitubers) by AREI in Priekuli.

A split-plot design with three replications was used, with varieties
assigned as main plots (three varieties or three treatments) and planting density
of microplants assigned as subplots (four densities or four treatments). Varieties
were randomized within each block, and planting densities were randomized
within each main plot.

Each subplot was surrounded by boxes with plants of the same variety and
the same MSB to avoid side effects as well as competition between different
varieties and MSB; one subplot comprised five boxes. In total, the trial comprised
12 treatments (three varieties x four MSB).

Plastic boxes with permeable sides and bottoms were used for planting
microplants. The inner dimensions of the boxes were 0.55 m x 0.35 m x 0.20 m
(length x width x height), and the total surface area of the box was 0.19 m?. The
substrate was placed on the box at a height of 0.13 m; thus, the volume of the
substratum was 0.025 md,

To ensure that the distance between microplants at each MSB in each box
and in each replicate was the same and that the same arrangement of microplants
was maintained in each treatment, 35 holes (seven holes in five rows) were
pressed in the substrate, with a depth of 0.08 m and a diameter of 0.02 m. The
distance between holes was 0.07 m.

The highest MSB (184 microplants m?) was obtained by planting
microplants into each of 35 holes. To obtain lower densities, a certain number of
holes remained empty, maintaining the same distance between microplants
within each MSB.

Planting of microplants, crop husbandry and harvesting on minitubers.
Microplants were planted in boxes filled with entirely moistened substrate made
from fertilized sphagnum peat with pH KClI adjusted to 5.3. The vegetation period
was 77-79 days for ‘Monta’ and ‘Prelma’ and 90-94 days for ‘Mandaga’.

The plants were watered according to the practice accepted by AREI every
day for the first four weeks; later, watering was reduced to three times a week.
When the plants began to senesce, the amount of watering was further reduced,
and the substrate was kept slightly moist.

Foliar fertilizer was applied three times per growing season. Insecticide
was added to the fertilizer solution to prevent the spread of aphids (Apis spp.)

Ventilation in the greenhouse is provided through windows located at
floor level on both sides of the greenhouse, as well as through a ceiling window
that extends along the entire length of the greenhouse; therefore, growing
conditions should be considered only partially controlled. On the hottest summer
days, the air temperature in the greenhouse rose to 40 °C and even more, which
is not favorable for the development of potatoes. However, this corresponds to
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the actual conditions of minituber production in AREI.
Minitubers were harvested by hand using a table designed for harvesting
minitubers. The contents of each box were poured onto the sieve-like table top.
Observations performed. After harvesting, the minitubers were sorted into
the following grades according to their weight in grams:
. <3.00 g — not used further

1

2. 3.00-4.99¢g-f1
3. 5.00-9.99g-12
4
5

. 10.00-19.99 g — 3
. >20.00 g —f4

Data on the number of minitubers and yield (kg m) within each grade
were collected. The data obtained at each grade were summed to determine the
number and yield of minitubers per box.

Data on the number of minitubers and yield were used to calculate the
average number of minitubers weighing least 3 g per planted microplant
(multiplication rate), number of minitubers and yield per 1 m2?, and average
weight of one minituber.

Only the data for minitubers heavier than 3 g were used for the
calculations because under the specific production conditions, small (<3.00 g)
minitubers cannot maintain sufficient quality during storage, as they evaporate
more intensively than larger tubers and shrivel due to the large surface
area:volume ratio. For this reason, minitubers that are lighter than 3 g are not used
for further propagation in Latvia.

It was also found that under the current production conditions, the
evaluation of their number in the overall data analysis was not relevant, as the
number of tubers <3.00 g was not significantly influenced by the growing year
(p=0.149 on average across all varieties and MSB), nor was there a significant
difference between replications (p=0.419 across all varieties and MSB).

Evaluation of the field performance of minitubers

Trials were carried out in the fields set up for the purpose of the AREI
potato breeding and variety testing program under an integrated management
system in Priekuli. Accordingly, in the trials of the study, the crop management
practices generally used in potato breeding and variety testing trials of AREI were
applied.

The methodology of field trials and growing conditions.

Experimental design. Two factors were investigated: variety (‘Monta’,
‘Prelma’, and ‘Mandaga’) and size grade of minitubers (hereafter referred to as
SbF; 4 SbF in total); thus, in total, 12 treatments were applied. The split-plot
design was used with the variety as the main plot and SbF as the subplot. Due to
the luck of planting material, the trial was replicated three times in 2014. Four
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replications were used in 2015 and 2016. Varieties were randomized within each
replication (block), and SbF were randomized within each main plot.

Minitubers were planted at 0.70 m between rows using 0.20 m in-row
spacing. The size of the subplot was 6.72 m?. Plant development and yield related
traits were evaluated only in two inner rows to eliminate the possible effect of
competition between plots. The marginal plants of each row evaluated were also
excluded from the study to eliminate border effects. Thereby, the size of the
observation plot was 2.8 m?, which comprised 20 plants.

Preparation of minitubers for planting, planting and harvesting.
Minitubers of four size grides (f1-f4) obtained in greenhouse trials were used in
field trials. In the first year of the study, minitubers grown within the seed
production routine in 2013 were used. Minitubers were presprouted before
planting. Planting and harvesting were performed by hand. The vegetation period
for the ‘Monta’ variety was 91, 78 and 80 days in 2014, 2015, and 2016,
respectively; 92, 79 and 80 days for the ‘Prelma’ variety; and 112, 94 and 98 days
for the ‘Mandaga’ variety in the corresponding years.

Crop management practices. In all years of the study, the trials were
arranged in sod podzolic soil, the granulometric composition of which was loamy
sand, with a medium to high availability of phosphorus and potassium and an
acidic to moderately acidic soil reaction, which could still be considered suitable
for growing potatoes (Table 1). Winter cereals (rye and triticale) were used as the
previous crop. Fertilizers (NPK 12:11:18) were broadcasted, providing NPK at a
rate of 60:55:90 kg ha. Broadcasting of the fertilizers was followed by deep
tillage and ridge formation.

The field was ridged one or two times before the application of herbicide.
High furrows were formed, and an herbicide was used to control the twitch.

Insecticides were applied to prevent the spread of aphids and the Colorado
potato beetle (Leptinotarsa decemlineata).

Systemic, contact and systemic-contact fungicides were applied to control
foliar diseases (late blight (Phytophthora infestans) and early blight (Alternaria
spp.)).

Meteorological conditions during field trials. The average daily
temperature at the beginning of the 2014 growing season was higher than that in
the long-term data, which promoted fast plant emergence. The amount of
precipitation in the second and third decades of May exceeded the climatic norm,
which allowed sufficient moisture to accumulate in the soil so that the soil did
not dry out in the relatively drier first decade of June. The relatively cool and wet
continuation of June delayed the further development of the plants. After that,
development was facilitated by a warm July. In the first decade of the month, the
precipitation was still above the norm, but then it became significantly drier;
however, no drying of the soil was observed due to the prevailing rains in earlier
periods. The first decade of August was warm and moderately humid. Later, it
became cooler, and the amount of precipitation considerably increased. The rainy
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days slightly delayed the harvest, and the compacted soil due to the rains and the
subsequent drought that occurred during the season made harvesting difficult.

Unlike 2014, the second half of May 2015 was characterized by air
temperature that was lower than long-term data, but precipitation was close to the
norm. Although potatoes were planted at the end of the second decade, the cool
and wet weather prevailing until then did not contribute to soil warming. As
potatoes were planted in relatively cool soil and under the reduced air
temperature, plant emergence was delayed. In the first and second decades of
June, the air temperature was close to normal; however, the low amount of
precipitation in the first and second decades of June caused drought, which
significantly delayed plant development. Only in the third decade of the month
did the amount of precipitation increase to the norm, and the conditions became
more favourable for the development of potatoes, especially at the beginning of
flowering, when the initiation of tubers begins. The subsequent meteorological
conditions in the 2015 vegetation season were favourable for the growth and
development of potatoes, and the sufficient amount of moisture in the first and
second decades of July contributed to the bulking of tubers.

In the growing season of 2016, the average temperature in the second
decade of May corresponded to the norm, but in the third decade, the air
temperature exceeded the norm. Although the rainfall during this period was very
low, the soil moisture content was sufficient due to the considerable amount of
rainfall in April. Similar conditions continued in the first decade of June
(temperature corresponding to the norm, but the amount of precipitation was
below the norm); however, the temperature, which was higher than that in the
same period in 2015, generally contributed to a relatively fast plant emergence in
2016 compared to 2015. From then on, the amount of precipitation in each of the
decades considerably exceeded the norm. Rainfall was frequent, as a result of
which mud formed between the furrows and compaction of the soil was observed;
for this reason, canopy closure was delayed. A relatively drier period began only
in the third decade of July. The air temperature was generally close to the norm,
and considerable deviations above the norm were observed only in the third
decades of June and July. The decrease in the air temperature in the first two
decades of August and then the increase at the end of the month did not
considerably affect the already established crop, but the high soil moisture made
harvesting and storage difficult.

Observations and yield analysis.

Plant emergence was assessed two to three times a week, and the date of
emergence was considered when 50% of plants in the plot were visible above the
soil surface (stage 09-10 according to the BBCH scale). Observations of
emergence were continued at previously mentioned intervals up to 50 days after
planting (DAP) to determine the final number of emerged plants. Simultaneously,
the number of days to 80% emergence (E80%) was assessed to evaluate further
plant development. In cases where the time at which 50 and 80% of the plants
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had emerged could not be accurately assessed in the field, linear interpolation
was applied to estimate the date when the relevant development stage could have
occurred.

Thermal time units - growing degree days (GDD) - were used to
characterize plant emergence. The temperatures at planting day and the days of
observations were not included in the calculation.

Canopy closure was estimated when at least 90% of plants met within
rows (stage 28), and data were recorded as days after 50% emergence
(DAE5S0%).

The number of aboveground stems was determined for each subplot
(treatment) two weeks before harvesting, and the average number of aboveground
stems for each treatment was calculated.

Yield analysis. Tuber yield from each treatment and each replication was
graded by passing tubers through a square mesh hand grader. The following size
grades were assigned:

1. <25 mm

25-35 mm

35-45 mm

45-55 mm

55-65 mm (no larger tubers were detected)

Yield (kg m?) and the number of tubers m? per size grade were
determined. The obtained data were used both for estimating the total number of
tubers and the yield (data used to analyse the tuber size distribution of the yield)
and for estimating the number and yield of tubers larger than 25 mm. Since the
first field generation of prebasic seeds is obtained from minitubers, the 25 mm
threshold is essential, as this is the international standard of minimum size for
seed potato tubers.

Number of tubers per plant and multiplication rate under field conditions
(PkoefL). The number of tubers per plant was obtained by dividing the total
number of yield tubers >25 mm per subplot by the number of emerged
minitubers. PkoefL was obtained by dividing the number of yield tubers >25 mm
per subplot by the number of planted minitubers.

The average weight of yield tubers was determined using only tubers
>25 mm and dividing the yield of tubers per m? by the number of tubers per m2,

The vield tuber size distribution depending on the size of the planted
minituber was estimated according to Travis'. The mean tuber size in mm having
the highest frequency in the yield data set (J1) was determined, and the dispersion
(o) around p was calculated. Calculations were made for each treatment and
replication using data on the number of tubers and the yield in each size grade of
the yield obtained. The obtained results were expressed as the yield in kilograms
m2 per millimeter of tuber size. The coefficient of variation was also calculated
for the size distribution of the yield.

agrwn
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Calculation of field value

The concept of field value combines obtained greenhouse and field data
and refers either to the value of the area unit of the greenhouse (LaVy) or to the
value of the microplant (LaVma). The field value was calculated for each planting
density of microplants used for minitubers growing in the greenhouse.

Field value of the area unit of the greenhouse. LaVy is defined as the
number of progeny tubers (>25 mm) in the first field generation obtained from
all minitubers >3 g grown in one m? of greenhouse at a particular MSB.

Field value of the microplant. LaVma is defined as the number of progeny
tubers (>25 mm) in the first field generation obtained from all minitubers >3 g
obtained from one microplant planted at a particular MSB.

Evaluation of the economic efficiency of microplant planting density

Assessment of economic efficiency for the change in planting density of
microplants (growing technology) in trials conducted from 2014-2016 was
carried out in 2020 and 2021 using the cost calculation made by AREI in 2020
and information on the market price of the products.

Partial budget analysis followed by dominance analysis and calculation of
the marginal rate of return (RiL) was used to assess the economic efficiency of
changes in minituber growing technology by stepwise comparison of planting
densities of microplants. These methods have been proposed by The International
Maize and Wheat Improvement Center (CIMMYT) to compare alternative
treatments and technologies. This method has been adapted by the International
Potato Centre (CIP) as a simple procedure for researchers and farmers in decision
making on the choice of alternative practices or technologies for potato
production.

The cost of microplant and minituber production in the AREI has been
calculated for small-scale production with 24 000 microplants obtained to
produce approximately 60 000 minitubers in one growing season per year. The
calculation of the cost of production was not carried out as part of the doctoral
research, and information from the order issued by AREI was used. The cost was
0.54 € per microplant and 0.41 € per minituber in 2020. Market prices were set
as 1.00 € per microplant and 0.52 € per minituber based on the order issued. Value
added tax is not included in the price.

The lowest microplant planting density, or MSB63, was determined for
the base value or standard growing technology. All calculations were made for
each variety separately.

Four production scenarios comprehensively covering possible minituber
production strategies in small companies were analysed.

Scenario A — both microplant and minituber value set as production cost;
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this reveals the current production situation at the AREI (baseline scenario);

Scenario B as mixed model No 1 — value of microplant set as production
cost, but value of minituber as market price;

Scenario C as mixed model No 2 — value of microplant set as market price,
but value of minituber set as production cost based on the relevant price of
microplants; in this scenario, the value of a minituber (0.56 €) exceeded
production costs set in scenario A and even market price in scenarios B and D;

Scenario D — both microplant and minituber values were set as market

prices.

The partial budget method includes only those inputs and benefits that are
changed by the alternative technology. The calculation results in a net benefit
value (NI).

The gross benefits (Bl) of each MSB were obtained by multiplying the
value (euro, depending on scenario) of the minitubers by the number of
minitubers grown at each MSB and subtracting the total expenses on yield (hand
harvesting, grading).

The components of the variable costs (MI) were the value of the
microplants (cost or market price) required for each MSB and labour costs for
planting. Labour costs were calculated by multiplying the hourly rate of the
worker involved in the planting by the time required to plant the given amount of
microplants.

The next step after determining net benefit values for each variety and
each MSB in each scenario was dominance analysis according to CIMMYT
methodology. All MSBs for each variety were listed in order of increasing
variable costs, and this coincided with the ascending order of MSB themselves.
Any MSB that had higher costs than the previous MSB but yielded fewer benefits
than the previous MSB was dominant and was eliminated from further analysis.

Among each of the successive MSBs that were not excluded upon the
dominance analysis, the magnitude of the NI increase was calculated as 4 or
marginal income.

Once the dominant MSBs were eliminated and ANI between the remaining
MSBs was calculated, the next step was to calculate the marginal rate of return
(RiL) that was obtained by dividing 4 NI by A MI (the magnitude of change in
variable costs between two MSBs).

RiL analysis was performed for each variety and each production scenario
beginning with RiL calculation between basic MSB and the next ascending MSB
and so on in a stepwise manner. The obtained RiL value was expressed as a
percentage. RiL indicates what the producer can expect when making a change
in technology. For instance, a RiL of 105% suggests that producers can recover
each euro invested in the new technology plus an additional return of 1.05 euro.

In addition to the partial budget and marginal analysis, a sensitivity
analysis was performed for each microplant planting density in production
scenarios A (the current scenario AREI) and B (the scenario with the highest
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probability of occurrence after scenario A, since the probability that the
minitubers will be sold in the market is higher than the probability that the AREI
will purchase the microplants at the market price). The aim of the analysis was to
determine the highest permissible value of microplants at which one of the MSBs
can be used. If the value of the microplants increases above the derived value
limit, then the MSB should be reduced to avoid variable costs exceeding net
benefits.

Methodology to examine the aftereffects of the propagation
method of microplants on the number and
yield of minitubers in a greenhouse

The study was conducted from 2014 to 2017 in a potato tissue culture
laboratory and in a plastic film-covered greenhouse intended for minituber
production in Priekuli. Two varieties were used in the study ('Monta' and
‘Prelma’).

Propagation of microplants and evaluation of morphological traits in
the laboratory. The effect of the microplant propagation technique (medium and
vessel used) on possible changes in the morphological traits of microplants was
studied under laboratory conditions.

Treatments used for micropropagation. Two types of growing vessels
were used: glass test tubes (diameter 13 mm un height 150 mm, volume 20 mL),
sealed with cotton plugs, and cylindrical, disposable plastic containers (volume
500 mL) with a plastic lid. Three different modifications of Murashige and Skoog
or MS medium composition were used. The culture vessel and media
composition constituted four different propagation techniques.

*  MMS — test tube filled with MS medium without vitamins added; classic MS
medium was used, without added vitamins and other organic substances
according to MS. Standard method for propagation of potato microplants in
AREI (in the study — control);

* AMS — cylindrical plastic container with MS medium without vitamins
added; classic MS medium was used, without added vitamins and other
organic substances according to MS;

* AMSV - cylindrical plastic container with MS medium with vitamins and
other organic substances according to MS added;

» AHMS - cylindrical plastic container filled with MS medium of reduced
strength, without vitamins and other organic substances according to MS; half
of the required amount of macrosalts was used in the preparation of medium.

All treatments contained sugar at a rate of 30 g L and plant agar at a rate
of 6.5 g L. Plant growth regulators (phytohormones) were not used in any of the
treatments.

To provide the same amount of available medium for one microplant in
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all treatments, 5 mL of medium was placed in test tubes, and 50 mL of medium
was placed in cylindrical plastic containers.

One microcutting was placed per test tube, and each variety had 10 test
tubes per replication. In cylindrical plastic containers, 10 microcuttings per
container were placed for each cultivar, and one replication comprised one
container.

Accordingly, each variety in each propagation treatment had
10 microplants per replication, and each year, the study was conducted in
4 replications. In total, eight treatments (two varieties x four modifications of the
microplant propagation method) were used in the study, which were arranged in
a completely randomized design. An average temperature of 22-24 °C and a
16/8 h photoperiod were provided to the microplants.

Evaluation of the morphological traits of microplants. Five or half of the
microplants from each treatment were removed from the growing vessel 25 days
after micropropagation in 2014 and 27 days in 2017. The remains of the agarized
medium were rinsed from their roots, and the plants were dried on paper tissue.
After preparation of microplants, the length of the stem in cm was separately
measured for each replication, the internodal segments of the stems were counted,
the fresh weight of the whole plant and fresh weight of the roots were determined
and expressed as mg, and the derived values were calculated — root-shoot ratio,
the length of the internodal segments, and the ratio of plant weight-length.

Evaluation of the after effects of the propagation method of microplants
on the number and yield of minitubers in a greenhouse. The remaining five
microplants of each variety from each propagation technique and replication were
planted in a greenhouse in a peat substrate (see "Methodology for evaluating the
effect of potato microplant planting density on yield parameters of minitubers”).

Microplants were planted in pots (volume 1.26 L) at a rate of one
microplant per pot; in total, there were five pots for each variety for each
microplant propagation method. The experiment was arranged in four
randomized blocks. One block consisted of eight treatments (two varieties x four
microplant propagation techniques).

Plants were watered three times a week using a hand watering device. The
plants were sprayed with a solution of additional fertilizer and insecticide twice
per growing season. Minitubers were harvested by hand 72 days after microplant
planting in 2014 and 70 days after planting in 2017. For each treatment and
replication the number of minitubers was counted separately, and the total weight
of minitubers in grams was determined.

Data statistical analysis

Free and open statistical software Jamovi, version 1.8.2., was used for the
statistical analysis of the data. Descriptive statistics were used to generate
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summaries of the data averages. The strength of linear relationships between
traits was determined using Pearson's correlation. To determine the form of the
relationship, a linear regression analysis was performed. One-way and two-way
ANOV As at the 95% significance level (0=0.05) were used to evaluate the effects
of the studied factors. A paired t test was applied to determine the differences
between the multiplication rate under field conditions and the number of yield
tubers from emerged minituber for each variety separately. To determine the
differences between the number of minitubers in different size grades for each
variety at each planting density of microplants, Microsoft Excel add-in Real
Statistics was used, in which one-way ANOVA and Tukey's post hoc test were
performed, with minituber size grade assigned as a factor. To determine the
effects of the yield-related traits (variables) on the variation in other traits, a
principal component analysis or PCA was performed, and a loading plot was
constructed, which allowed us to graphically display the interrelationships
between the traits. When vyield-related data obtained in greenhouse trials were
analysed, a linear mixed effects model was used to generalize the average data of
the years, in which the year was a random factor. In the analysis of the data from
the field trials, the effect of year was not included in the ANOVA model, but was
determined separately by dividing the data set into treatments and performing an
ANOVA with year as a factor for each treatment separately. Significantly
different treatments were determined using the Tukey’s post hoc test at the
0=0.05 probability level. The goal-seek function was used for the sensitivity
analysis, and the analysis was performed using the Microsoft Excel add-in
program - the data analysis and optimization tool Solver. In its parameters, net
benefit was defined as the objective, while microplant value was the variable. A
net benefit > variable costs was subject to the constraint.
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RESULTS

Effect of planting density of potato microplants
on yield related traits of minitubers

In the production of prebasic seed potato (especially in the production of
minitubers), the yield can be expressed both as the number of minitubers per unit
area and as weight per unit area (for example, kg m2). In this work, the yield is
evaluated by applying both approaches, and the text notes whether it is the
number of minitubers per m? or the yield in kg m=2.

The number of minitubers per m? (SbS). If the greenhouse space is
limited, one of the most effective measures to increase ShS is increasing the
microplant planting density (MSB). The number of minitubers per m? obtained
in this research ranged from 229 (‘Mandaga’, 63 microplants m or MSB63) to
412 minitubers per m? (‘Monta’, MSB184).

The effect of genotype on SbS across MSBs was not significant (p=0.057).

When differences between genotypes were analysed within each separate
MSB, it was found that the ‘Monta’ variety had significantly higher SbS (345)
than the ‘Prelma’ (279) and ‘Mandaga’ (281) varieties, which did not differ
significantly in SbS (Fig. 1). No significant differences were found between
varieties within other MSBs (MSB63 p=0.302; MSB142 p=0.588, MSB184
p=0.188). The ‘Monta’ variety showed the highest SbS (although not always
significant) at all MSBs except at MSB142, where the nonsignificantly higher
SbS was for the variety 'Prelma’ (362 compared to 340 for the variety 'Monta' and
332 for the variety 'Mandaga’).

The planting density of microplants (MSB) significantly affected the
number of minitubers per m2. The number of minitubers per unit area (ShS) for
all varieties increased as MSB increased (Fig. 1). The highest SbS for the ‘Monta’
and ‘Mandaga’ varieties was obtained at the highest MSB (MSB184), which was
412 and 403 minitubers m?, respectively, and for the ‘Prelma’ variety, at
MSB142 (360 minitubers). The lowest ShS (229270 tubers m-2) for all varieties
was obtained at the lowest microplant planting density, or MSB63, and it was
significantly lower than at the highest MSB184.

If the efficiency of minituber production is assessed using only ShS data,
MSB184 is recommended for the varieties 'Monta' and 'Mandaga’, and MSB142
is recommended for the variety 'Prelma’ because MSB184 no longer provides an
increase in the number of minitubers per area unit. However, if the greenhouse
area is a limiting factor and a sufficient amount of microplants is available,
MSB184 can also be used for the ‘Prelma’ variety.

The interaction between genotype and MSB was not statistically
significant (p=0.185).

The multiplication rate in a greenhouse (PkoefS). PkoefS is the number
of minitubers obtained from one microplant, and this is the most important yield-
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related trait for minitubers.

Since the concept of "multiplication rate” is mostly used in seed
production, its value is determined considering only seed-sized tubers. Neither
the EU nor Latvia's current regulatory acts set the minimum size for potato
minitubers to be used for further propagation, but in this study, they are tubers
weighing at least 3 g.

Depending on the variety and MSB, in the present research, PkoefS ranged
from 2.0 (‘Prelma’, MSB184) to 4.3 minitubers (‘Monta’, MSB63) per
microplant.

The effect of genotype on PkoefS was significant across all MSBs.

When differences between genotypes were analysed within each separate
MSB (Fig. 2), the ‘Monta’ variety had a significantly higher PkoefS (3.6) at
MSB95 than the ‘Prelma’ (2.9) and ‘Mandaga’ (3.0) varieties, which did not
differ significantly in PkoefS. No significant differences were found between
varieties within other MSBs (MSB63 p=0.303; MSB142 p=0.588, MSB184
p=0.190). The ‘Monta’ variety showed the highest PkoefS (although not always
significant) at all MSBs except at MSB142, where a nonsignificantly higher
PkoefS was observed for the ‘Prelma’ variety.

The planting density of microplants (MSB) significantly affected the
multiplication rate in a greenhouse. As MSB increased, PkoefS decreased for all
varieties (Fig. 2). The highest PkoefS for all varieties was observed at the lowest
MSB (MSB63), and the lowest PkoefS was observed at the highest MSB
(MSB184); moreover, PkoefS was significantly lower at MSB63 than at MSB184
for all varieties. For all cultivars, the PkoefS was not below the value of two
minitubers per microplant at any of the MSBs studied; thus, our results fall within
the range of 2 to 5 minitubers per microplant, generally considered as the average
multiplication rate in conventional minituber production technology.

The interaction between genotype and MSB was not statistically
significant (p=0.231).

If the greenhouse area and the availability of growing substrate are not
limiting factors, choosing the MSB from which the highest PkoefS can be
obtained would be recommended. However, up to a certain MSB, microplants
have the potential to maintain the highest PkoefS in regard to minituber
formation, so it would be necessary to determine the MSB for each variety at
which competition between plants is not yet high enough for minituber resorption
to occur.

If the efficiency of minituber production is assessed using only PkoefS
data, MSB63 is recommended for all varieties studied. If the greenhouse area is
limited, MSB95 can also be used for ‘Monta’ and ‘Mandaga’ varieties, as PkoefS
at this MSB is not significantly lower than at MSB63.

Yield of minitubers per m? (SbM) and average weight of minitubers
(SbAW). The yield of minitubers per m? ranged from 5.7 kg m? (‘Monta’,
MSB63) to 8.0 kg m? (‘Mandaga’, MSB184), and the average weight of one
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minituber ranged from 16.1 g (‘Monta’, MSB184) to 28.2 g (‘Mandaga’,
MSB63).

The effect of genotype on SbM was not significant (p=0.079).

Differences between genotypes within MSBs were also not significant;
however, the ‘Mandaga’ variety had the highest yield (6.2-8.0 kg m?), but the
yield of the ‘Monta’ variety was from 5.7 to 6.5 kg m? and 5.9-6.1 kg m™ for the
‘Prelma’ variety (Fig. 3).

SbAW was significantly different between varieties. At all MSBs,
minitubers of the ‘Mandaga’ variety had the highest SbAW (19.6-28.2 g);
however, it was significantly higher only at MSB95 and only in comparison to
the ‘Monta’ variety, which had SbAW from 16.1-21.1 g depending on MSB.
SbAW for the ‘Prelma’ variety ranged from 16.6 to 24.2 g (Fig. 3).

The effect of the planting density of microplants (MSB). A tendency was
observed for ‘Monta’ and ‘Mandaga’ varieties to have higher SbM at the higher
MSBs. For ‘Prelma’, the difference between the highest yield (at MSB63 and
MSB142) and the lowest yield (at MSB184) was only 0.2 kg m2. Nevertheless,
the effect of MSB on SbM was not significant for any of the varieties (‘Monta’
p=0.548, ‘Prelma’ p=0.992, ‘Mandaga’ p=0.453).

The average weight of one minituber (SbAW) for all varieties decreased
as MSB increased. However, MSB significantly affected SbAW only for the
‘Prelma’ and “‘Mandaga’ varieties, but for the ‘Monta’ variety, MSB did not affect
SbAW significantly (p=0.134).

Higher SbAW at lower MSBs counterbalanced the increase in the number
of minitubers associated with increased MSB; therefore, tuber yield did not have
a significant increase related to increased tuber number at the MSBs used in the
study.

The size distribution of minitubers is probably a more important yield-
related trait of minitubers than the average weight of one minituber because the
size of individual minitubers considerably influences the growth and
development of potato plants under field conditions.

The effect of genotype on the number of minitubers per size grade (SskF)
was significant across all MSBs. The share (F%) of each size grade in the total
number of minitubers significantly differed between genotypes.

Although not always significant, at all MSBs, the variety 'Mandaga' had
the highest number of minutubers >20.00 g (f4) and the highest share (F%) of
this size grade compared to the 'Monta' and 'Prelma’ varieties. 'Mandaga' variety
also had the lowest number of minitubers in the 3.00-4.99 g size grade and the
share of this size grade at all MSBs.

The effect of planting density of microplants (MSB). As MSB increased,
SskF increased in size grades 3.00—4.99 g (f1), 5.00-9.99 g (f2) and 10.00-19.99
g (f3) for all varieties (although not always significant) (Fig. 3). In contrast, no
significant effect of MSB on SskF in the f4 size grade (>20 g) was observed for
any of the varieties (although the number of minitubers f4 for the 'Mandaga'

61



variety tended to increase with increasing MSB) (Fig. 4, A).

Although not always significant, the SskF and F% values of the two
largest size grades (f3 and f4) at all MSBs for all varieties were higher than the
values obtained for the smallest size grade f1 (Fig. 4, A and B); therefore, even
with increasing MSB, the size distribution of minitubers remained skewed in the
direction of larger size grades of minitubers. Such a trend indicates that MSB can
potentially be increased above MSB184 if necessary, as an increase in the number
of minitunbers at a slightly higher MSB would most likely not significantly shift
the minituber size distribution in the direction of the smallest grades of
minitubers. However, to determine the maximum MSBs at which no such drift
would occur, separate trials should be carried out if production conditions make
this necessary.

No significant interaction effect of genotype and MSB on SskF was
observed within any of the size grades (p values ranged from 0.187 to 0.815).

Change in the values of the yield related traits of minitubers with
increasing microplant density. The direction of changes resulting from
increasing microplant planting density (MSB) was different for different yield
related traits. The multiplication rate in the greenhouse (PkoefS) tended to
decrease, the number of minitubers m2 (SbS) tended to increase, the yield of
minitubers m2 (SbM) did not change significantly, and the average weight of
minitubers (SbAW) tended to decrease. The relative magnitude of changes
expressed as a percentage also differed.

Compared to the standard planting density (MSB63), the relative increase
in SbS for the 'Monta' variety was greater than the decrease in PkoefS only at
MSB95, and this change trend reversed at subsequent MSBs. For the ‘Prelma’
variety, the relative increase in SbS with increasing MSB exceeded the relative
decrease in PkoefS even at MSB142, but at MSB184, the trend changed, and
PkoefS decreased more pronounced than SbS increased. Only 'Mandaga' at the
highest MSB184 maintained the trend when the relative increase in ShS was
greater than the decrease in PkoefS (76% and -40%, respectively); thus, even
higher MSB can be applied to this variety if necessary, maintaining the balance
between the changes of yield-related traits compared to the standard MSB.

SbM had the least relative change, and the trend differed between cultivars
and MSBs, being both positive and negative. Among the two marginal MSBs,
this trait increased for the varieties 'Monta' and 'Mandaga' but decreased for the
variety 'Prelma’. SbAW, on the other hand, decreased for all varieties and at all
MSBs as MSBs increased, with all varieties maintaining roughly similar
magnitudes of change.

Relationships between the traits studied. Principal component analysis
was performed to reduce the dimensionality of the data. Consequently, the
principal component (PC1) combined traits related to minituber number m2
(SbS), and the second principal component (PC2) combined traits related to
minituber yield (SbM) (Fig. 5). The multiplication rate in the greenhouse
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(PkoefS) was not included in any of the newly created components because its
correlation with one of the components (PC1) was less than 0.3; thus, this trait
had a very low loading on the created PCs.

The increase in the number of minitubers had the greatest effect on the
number of minitubers in the three smallest minituber size grades, but no
significant relationship was found between the number of minitubers in size grade
f4 (>20 g) and the total number of minitubers m2. However, this size grade f4
had the closest relationship with the yield of minitubers (SbM) and the share of
this grade with the average weight of one minituber (ShAW).

The number of minitubers in the f4 size grade had a negative correlation
with the number of minitubers in the other size grades, which were positively
correlated with each other. Significant and moderately strong to strong
correlations were found between SbAW and the number of minitubers in all size
grades and the share of all size grades.

The closest correlation was observed between SbAW and the share of the
largest minitubers f4 (>20 g), and it was r=0.937, p<0.001, while with the other
minituber size grades, SbAW correlated moderately to strongly and negatively.
Regression analysis revealed that an increase in the share of larger size grades
explained 88% of the increase in SDAW. The regression models for SbAW and
each of the smaller size grades were also statistically significant; however, the
coefficients of determination obtained could explain a relatively smaller part of
the variation in ShAW (32-57% depending on the size grade).

Field performance of minitubers

Time to emergence and emergence rate. In regions where potatoes are
planted relatively late and cloudy conditions are common, which also
corresponds to the conditions in Latvia, plants receive less global radiation than
would be desirable. Therefore, in northern regions, the fast emergence of plants
(including plants from minitubers) and quick canopy closure are crucial for
further growth and yield formation under short growing season conditions.

The genotype and size grade of minitubers (SbF) significantly influenced
the time to 50% emergence (E50%); however, the effect of SbF for each variety
was significant only in one of the growing years (2015 for ‘Prelma’ and
‘Mandaga’ and 2016 for ‘Monta’). The interaction between genotype and SbF
was not significant (p=0.895). The time to emergence expressed in days after
planting (DAP) varied significantly between years, and the difference was
significant for all SbFs. Due to the higher air temperature at the beginning of the
2014 season, minitubers emerged significantly faster than in 2015, which was the
least favourable year for emergence in terms of temperature. In 2015, at least
29 DAP were needed for the tubers of the largest size grade of the variety 'Monta'
to reach 50%, for the variety 'Prelma’, the tubers of the corresponding size grade
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emerged 17 DAP, and for the variety 'Mandaga', E50% was estimated at 19 DAP.
In comparison, in 2014, 19, 12 and 14 DAP were needed to reach E50%. In
general, 2014 and 2016 (the most favourable years for minituber emergence)
were characterized by a very rapid onset of emergence, especially between the
13th and 17th day after planting.

To characterize the time required for the emergence of minitubers of
different size grades, a more conservative approach of thermal time units was
applied. Growing degree days (GDD) showed that the smallest (3.00-4.99 g, 1)
minitubers of 'Prelma’ and 'Mandaga' varieties required significantly more GDD
to emerge than the largest minitubers (>20.00 g, f4) (Fig. 6).

Emergence rate (the percentage of emerged minitubers) was assessed on
the 50" day after planting, and a significant effect of genotype and SbF on this
trait was found; the interaction between factors was not significant (p=0.052).
The ‘Monta’ variety had a significantly lower percentage of emerged minitubers
in all size grades than minitubers in the corresponding grades of other varieties.

The 'Monta' variety did not have 100% emergence in any of the growing
years, but in 2015, when, depending on SbF, only 68-84% of minitubers
emerged, the percentage of emerged minitubers significantly differed from that
found in 2014 and 2016, in which the two smallest minituber size grades had an
average emergence rate of 85%, and the two largest minituber size grades had an
emergence rate of 92%. No significant difference between years was observed
for the cultivars 'Prelma’ and 'Mandaga' (p=0.086 and p=0.557, respectively),
which had 99-100% emergence of minitubers.

Canopy closure. Although canopy closure can be affected by factors that
do not influence plant development directly, such as the distance between rows,
canopy closure is considered an important stage of potato development, as it
determines radiation interception, which reaches 100% only when full ground
cover is established. Advanced canopy closure can have a positive impact on
potato yield.

The time to within-row canopy closure expressed in days after
50% emergence (DAE50%) was significantly determined by genotype and
minituber size grade (SbF). Although not always significant, faster within-row
canopy closure was observed from plants grown from heavier minitubers.
Significantly less time was required by the ‘Monta’ variety to close the canopy
(on average 28 DAP for f1, 34 DAP for f2). The canopy of plants grown from f4
grade minitubers for the 'Prelma’ variety closed on average at 31 DAE50% and
from f1 minitubers at 42 DAE50%. For the 'Mandaga’ variety, 35 and
42 DAE50% were required to reach within-row canopy closure. Significant
differences between growing years were also observed. Significantly less
DAES50% for within row canopy closure were required in 2015, whereas in 2016,
the most pronounced differences between SbFs were observed, possibly due to
the heavy rains that had a negative impact on plant development in the third
decade of June, which could have reduced the amount of oxygen in the soil.
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The number of aboveground stems is one of the most important traits
that indicates the physiological status of the planted seed tubers and their growth
vigour. The number of aboveground stems significantly affects the number of
yield tubers per plant and consequently the number of yield tubers per unit area.

The number of aboveground stems was significantly dependent on both
the genotype and the minituber size grade. The 'Monta' variety had significantly
fewer stems than the varieties 'Prelma’ and 'Mandaga' (Table 2). In general, the
smallest number of stems was obtained from the smallest minitubers (f1) for the
'‘Monta' variety in 2014 (1.3 stems), and the largest was obtained from the largest
minitubers (f4) for the 'Prelma’ variety in 2016 (4.7 stems). For all varieties,
plants obtained from f4 minitubers had significantly more stems than those
obtained from f1 minitubers.

The number of progeny tubers per plant and multiplication rate
(PkoefL). The number of progeny tubers per emerged plant demonstrates the
potential of the variety, while expressed as the number of tubers per planted
minituber (or multiplication rate, hereinafter referred to as PkoefL), it
demonstrates the real situation under actual production conditions, where
100% emergence may not be observed. The number of progeny tubers >25 mm,
which is the smallest size of seed potato, was used in this study to calculate
variables. A t-test revealed that for the 'Prelma’ and 'Mandaga' varieties, the
differences between the number of tubers per emerged plant and PkoefL were not
statistically significant (p=0.117 and p=0.054, respectively), but for the 'Monta'
variety, the values of these variables differed significantly (p<0.001), which was
related to the low emergence rate of the variety in the years of the study. The
three-year average number of tubers per emerged plant of the ‘Monta' variety was
5.5 progeny tubers obtained from the smallest (f1) minitubers and 8.1 tubers
obtained from the largest (f4) minitubers, while PkoefL was in range from 4.2 to
7.6 tubers per planted minituber.

Genotype, minituber size grade (SbF) and the interaction between the
factors had significant effects on both PkoefL and the number of progeny tubers
per emerged plant. Larger minitubers produced more progeny tubers >25 mm,
both expressed as the number of tubers per emerged plant and PkoefL (Fig. 7).

Overall, the PkoefL for the 'Monta' variety was significantly lower than
that of the other varieties, for which this variable did not differ significantly and
was between 5.8-11.2 for the 'Mandaga' variety and 5.8-13.1 for the 'Prelma’
variety.

Linear regression analysis revealed a significant positive relationship
between the number of stems and the number of progeny tubers >25 mm per plant
(Figure 1). The number of progeny tubers per emerged plant increased by 2.57
units as a result of an increase in stem number by 1 unit per plant, and the number
of stems explained 74% of the variation in progeny tuber number.

The number of progeny tubers and yield per m? were significantly
affected by genotype and minituber size grade (SbF). As the SbF of planted
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minitubers increased, the number of progeny tubers increased (Fig. 8). The
‘Monta’ variety produced the smallest number of progeny tubers from minitubers
of each SbF (30.2 tubers m? from 1, 31.2 tubers from f2, 40.5 tubers from f3,
and 54.3 tubers m from f4 minitubers). The highest number of progeny tubers
per m? regardless of the SbF was obtained from the ‘Prelma’ variety (41.1 tubers
from f1, 53.0 tubers from f2, 71.3 tubers from f3, and 93.4 tubers m=2 from
f4 minitubers). The ‘Mandaga’ variety produced fewer progeny tubers m than
‘Prelma’; however, there was no significant difference between any of the ShFs
at the 95% probability level.

As the SbF of planted minitubers increased, the number of progeny tuber
yield per m? also increased. For all varieties, significantly lower yield was
obtained from t minitubers of the smallest SbF (f1) in comparison to yield from
f4 minitubers.

The ‘Monta’ variety had the lowest yield per m? regardless of the SbF
(2.1 kg m from f1 up to 3.1 kg m obtained from f4) in comparison to other
varieties (2.9-4.7 kg m? from ‘Prelma’ and 3.8-4.9 kg m from the ‘Mandaga’
variety).

The most pronounced relative increase in the number of progeny tubers
and yield with increasing SbF was observed for the 'Prelma’ variety, which
produced 2.3 times more progeny tubers and 1.6 times higher yield from
f4 minitubers in comparison to f1 tubers.

In general, the obtained results showed a more pronounced effect of MtC
on the number of progeny tubers than on tuber yield. This finding can be
explained by the decrease in the mean weight of progeny tubers in plots with a
higher number of progeny tubers. In our study, the relationship between the
number of progeny tubers per m? and the average weight of progeny tubers (g)
was significant, moderately strong and negative (r=-0.521, p<0.001). The
moderate strength of the correlation was mainly affected by the ‘Monta’ variety,
which had an insignificant decrease (at the 95% probability level) in the average
weight of progeny tubers in relation to SbF changes. The mentioned relationship
for the 'Prelma’ variety was strong and negative (r=-0.705, p<0.001), but for
'Mandaga', the correlation was characterized by r=-0.693 (p<0.001).

Size distribution of progeny tubers. Tuber size distribution is one of the
main yield related traits of potato. The desired size of tubers, or marketable yield,
depends on the intended use of the yield. As little variation as possible around the
mean size is also important.

In the present research, the size distribution of progeny tubers was
expressed as the yield in kilograms m per millimeter of tuber size.

Size with the highest frequency (u) in the data set was significantly
determined by the genotype and SbF, and the interaction between factors was not
significant (p=0.471). The standard deviation of the tuber size (c) was
significantly affected only by the SbF. Neither the variety (p=0.188) nor the
interaction between factors significantly influenced o (p=0.340).
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The common pattern for all varieties was that the yield of progeny tubers
from minitubers >20 g was approximately normally distributed (Fig. 9). As SbF
decreased, a shift of the size distribution towards a higher yield proportion of
larger tubers was observed. However, ‘Mandaga’ variety, the largest part of the
yield from all SbFs was in the second largest size grade (45-55 mm) of progeny
tubers, which is generally quite common for late maturing varieties.

For all varieties, the u value (47-51 mm) for the yield from the smallest
SbF (f1) was significantly higher than the p value (42—45 mm) for the yield from
the largest SbF (f4); thus, the proportion of larger progeny tubers increased in the
yield from smaller SbFs. The increase in p values led to an increase in the
variability of tuber size (o) (from 8.0-9.4 mm). Due to this linear relationship,
the coefficient of variation (CVr) was used as a more stable measure of
variability, and the effect of SbF on CVr was not significant (p=0.705). Overall,
the calculated value of CVr ranged between 17% for the ‘Mandaga’ variety and
19% for the ‘Prelma’ variety. As a result, the yield obtained from every single
SbF was quite uniform in terms of the tuber size, and variation around the (p)
was relatively small. This suggests good potential for obtaining a high proportion
of marketable yield from all size grades of minitubers.

Field value of minitubers

Since AREI not only produces minitubers but also carries out a full seed
potato production cycle, it is relevant to analyse the efficiency of minituber
production in the context of the first field generation as well.

The concept of field value created within this study combines obtained
average greenhouse and average field performance data and refers either to the
value of the area unit of the greenhouse (LaVpis) or to the value of the microplant
(LaVma). A higher field value means higher minituber production efficiency
resulting from microplant planting density (MSB).

The field value of microplant (LaVma) and greenhouse area unit (LaVpia)
were significantly influenced by genotype and MSB. As the planting density
increased, the field value of minitubers grown at 1 m? increased, but the field
value of tubers obtained from one microplant decreased (Fig. 10).

All varieties at the highest microplant planting density (MSB184) had
significantly higher LaVpi, than those at the lowest density (MSB63). The highest
LaVpia Was observed for the 'Mandaga’ variety planted at MSB184, and it was
3633 of the minimum seed size progeny tuber in the first field generation, which
was obtained from >3 g of minitubers grown at 1 m? in the greenhouse when a
planting density of 184 microplants m was applied. The lowest LaVpia was
observed for the 'Monta' variety at MSB63 (1641 progeny tubers in the first field
generation).

All varieties had significantly higher LaVm. at MSB63 in comparison to
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MSB142 and MSB184. The highest LaVma was observed for the ‘Prelma’ variety
at MSB63. From minitubers obtained from one microplant planted at MSB63,
42 progeny tubers of the minimum seed tuber size were obtained in the first field
generation. Moreover, this value significantly exceeded the LaVma of other
varieties (26 progeny tubers for ‘Monta’ and 36 tubers for the ‘Mandaga’ variety).
The lowest LaVma was observed for the 'Monta' variety at MSB184, and it was
13 progeny tubers in the first field generation.

The lowest LaVma and LaVp. were observed for the ‘Monta’ variety,
which had a reasonably high multiplication rate (PkoefS) (Fig. 2) and number of
minitubers per m? (SbS) (Fig. 1) in the greenhouse. Significantly lower field
values than those of ‘Prelma’ at all MSBs and ‘Mandaga’ at three of four MSBs
were a consequence of the low multiplication rate under field conditions (PkoefL)
observed for this variety (Fig. 7).

Differences between 'Prelma’ and 'Mandaga’ varieties at the
95% probability level were not significant for either LaVpia or LaVma; however,
the pattern of changes in tuber field values depending on MSB differed slightly
between varieties. The 'Prelma’ variety had the highest LaVpia in the MSBs range
from MSB63 to MSB142, but it slightly decreased at MSB184, while LaV i, of
the 'Mandaga' variety continued to increase and exceeded the LaVy, 0f the variety
'Prelma’. A similar trend, only in the opposite direction, was also observed with
regard to LaVma.

The overall trend of changes in LaVp, and LaVma corresponded to the
direction of changes in SbS and PkoefS, respectively. However, the decrease in
LaVma and the increase in LaVyia caused by the increase in MSBs were slightly
smaller than the changes in PkoefS and SbS. This tendency was caused by
PkoefL, which had a corrective effect on the field values, as PkoefL significantly
depended on the size grade of minitubers. Nevertheless, significant linear
regression equations were obtained that could explain more than 94% of the
variation in the LaVn, data and more than 87% of the variation in the LaVp, data
(Fig. 11).

The obtained relationships show that in cases when the size distribution
of minitubers changes approximately to the extent it was observed in this study,
the effectiveness of change in minituber growing technology can be evaluated
without additional study of the field performance of minitubers.

Evaluation of the economic efficiency of changes
in microplant planting density

In partial budgeting, only costs that change in line with growing
technology changes are taken into account. This method is a simple procedure
for comparing the costs and benefits resulting from a change in growing
technology.
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Partial budget analysis showed that gross benefits (BI) increased along
increased microplant planting density (MSB) and were higher for the MSB at
which each variety had the highest number of minitubers per m? (SbS). When
different production scenarios were compared, the smallest Bl increase along the
MSB increase was observed in scenario A (the present production situation at the
AREI or baseline scenario). Variable costs (MI) also increased in all scenarios as
the MSB increased. Net benefit (NI) values revealed that the point of diminishing
returns varied between varieties and production scenarios. Only the 'Monta'
variety in all production scenarios had a higher NI at MSB95 than at NI at
MSB63.

Scenario B (value of microplant set as production cost, but value of
minituber as market price) was the only scenario having a higher value of NI at
MSB184 than at MSB63 (respectively NI at MSB142 higher than at MSB63 for
the 'Prelma’ variety).

Technology per se is acceptable if net benefits are equal to (as the
equilibrium rule is followed) or exceed variable costs (NI > MI). In the baseline
scenario A, MSB63 and MSB95 would be acceptable for all varieties (Table 3).
Scenario B was most in line with the agronomic efficiency assessment, where all
MSBs were acceptable except MSB184 for the ‘Prelma’ variety. Overall, MSB63
was acceptable in all scenarios, except for the 'Mandaga' variety in scenario D. In
production conditions where microplants have to be purchased and minitubers
can be marketed at opportunity costs, 'Mandaga’ should be grown at a density
lower than MSB63.

MSBs that had higher MI and lower NI than MI and NI values in the
preceding MSB were excluded from further study upon dominance analysis.

The marginal rate of return (RiL) as a % was determined between each
of two successive MSBs that were not excluded from the dominance analysis
(nondominant MSBs). In the baseline scenario A, only the change in MSB from
MSB63 to MSB95 for the ‘Monta’ variety resulted in a positive RiL value
(Fig. 12). For ‘Prelma’, all MSBs higher than MSB63 were excluded. However,
MSB95 may be considered in circumstances when a larger number of minitubers
of this variety is required at a certain period, as variable costs did not exceed the
net benefits of this MSB. The RiL for ‘Mandaga’ in relation to the change in MSB
from MSB63 to MSB95 was very low (6%). Although for ‘Mandaga’, a change
in MSB from MSB95 to MSB184 would result in a RiL of 4%, MSB184 is not
recommended for ‘Mandaga’ because MI at MSB184 exceeded NI (Table 3).

The RiL values in scenario B slightly differed from those in scenario A,
and positive RiL values were observed in higher abundance. Under this scenario,
for ‘Mandaga’, a shift to each subsequent MSB resulted in positive RiL, and a
shift from MSB142 to MSB184 even resulted in the highest RiL value (61%).
For ‘Monta’, an MSB change from MSB63 to MSB95 is strongly recommended,
as it yields a RiL of 106%. Further changes in MSB would result in a negative
RiL even if net benefits exceed variable costs. The only change in technology for
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‘Prelma’ that would give acceptable RiL is the change from MSB63 to MSB142.

In scenarios C and D, MSB should not be increased for ‘Prelma’ and
‘Mandaga’, and even more, for ‘Mandaga’ in scenario D, the MSB should even
be lowered below PD63 so that the net benefits would exceed the variable costs.
The MSB for the ‘Monta’ variety could be increased to MSB95 in these two
scenarios, as this would yield a positive RiL. However, acceptance in favour of a
higher MSB very much should be based on other considerations, the main
consideration being greenhouse space and the required amount of minitubers. In
addition, it should be noted that in scenario D, despite an ar RiL value of 16%,
MI at PD95 exceeded NI.

Sensitivity analysis revealed that in scenario A, which corresponds to the
present production conditions at AREI, the highest acceptable cost of microplants
would be 0.87 EUR per microplant for the ‘Monta’ variety, 0.82 EUR for
‘Prelma’ and 0.74 EUR for ‘Mandaga’ variety. If the cost of microplants would
increase above these values, the planting density of microplants should be
reduced below 63 microplants m. Sensitivity analysis performed for scenario B
(production cost of microplant, market price of minituber) showed that a higher
cost of microplants can be accepted to maintain the existing standard MSB63.

The effect of propagation
method of microplants on the number and
yield of minitubers in a greenhouse

The cost of microplants accounts for the largest proportion of minituber
production costs in AREI. The cost of microplants can be reduced either by
increasing the volume of production or by using techniques in production that
would cost less than the currently used ones. It is important that such techniques
do not negatively affect the propagation rate of microplants and do not have a
negative aftereffect on the subsequent number and yield of minitubers in the
greenhouse.

When microplants are transplanted to ex vitro conditions (for example, in
a peat substrate in a greenhouse), they are initially exposed to stress conditions,
the most significant of which is stress caused by reduced humidity, compared to
in vitro conditions.

Therefore, the better developed (larger weight, larger leaf area, well-
formed roots) the microplant is before being planted ex vitro, the more likely it
will acclimatize quickly and survive in the new conditions. Since AREI does not
apply the hardening stage of microplants, well-developed microplants are even
more important.

Morphological _characteristics _of microplants depending _on
propagation method. After comparing the morphological traits, it could be
concluded that for none of the varieties, none of the propagation methods
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generally yielded worse results compared to the standard method, i.e.,
propagation in glass test tubes filled with MS medium without added vitamins
and other organic substances according to MS (treatment MMS). Only for the
variety 'Prelma’ were significantly lower results for two morphological traits
(Table 4) when AMS treatment (cylindrical plastic containers filled with
MS medium without added vitamins and other organic substances according to
MS) was used. In general, the best results for both varieties were obtained in the
AMSYV treatment (microplants grown in cylindrical plastic containers filled with
MS medium with vitamins and organic substances according to MS added);
however, the use of this treatment would not be desirable, as a greater risk of
contamination exists. In addition, adding the vitamins to the medium, although
slightly, still increases its cost.

Propagation of microplants in plastic containers filled with MS medium
of reduced strength, without vitamins and other organic substances according to
MS added, would help reduce the cost of the propagation medium. Further AREI
should study the possibilities of using MS media with a reduced concentration of
microsalts.

Today, recyclicing of various plastic materials is possible, including the
polypropylene containers used in this study. The use of disposable recyclable
containers in the final passage of microplant propagation can improve production
efficiency from the perspective of reducing labor and electricity costs.
Calculations performed during the study showed that the price of such vessels
was 3.6-5.4 times lower than the labor costs required for washing the glass test
tubes used today for micropropagation. This difference would be even greater
when the cost of water and electricity resources needed for washing is added.
Thus, the use of disposable containers in potato micropropagation can
significantly reduce production costs.

Yield in _a greenhouse. Although the propagation method affected the
morphological traits of the microplants, it did not have a significant effect on the
number and weight of minitubers obtained in the greenhouse from the
microplants grown in the respective treatment (Table 5).

The changes in microplant morphology observed in this study were not
significant enough to have a significant positive effect on subsequent minituber
number and yield. However, since the number of minitubers and the yield did not
decrease significantly in any of the treatments compared to the control, it can be
considered that the microplant propagation method did not have agronomic
significance. Therefore, the method which is the most efficient in terms of
resource use efficiency can be used for the propagation of microplants in the last
passage, which was the AHMS treatment in this study.

71



CONCLUSIONS

. The efficiency of minituber production can be increased by increasing the
planting density of microplants in a greenhouse (MSB). This results in a
higher number of minitubers obtained per m? The differences in MSB at
which the number of minitubers >3 g of weight continued to increase were
observed between genotypes. The most agrononimically effective MSB for
‘Monta’ and ‘Mandaga’ varieties was the highest MSB among the studied
(184 microplants m? or MSB184) and for the 'Prelma’ variety — MSB142.
When the space for growing is limited and a large number of microplants are
available, MSB184 can also be used for the ‘Prelma’ variety because the
number of tubers m? in this MSB variety 'Prelma’ did not decrease
significantly. As the microplant planting density increased, the multiplication
rate in the greenhouse decreased for all varieties, and fewer minitubers >3 g
per microplant were obtained. (Thesis 1 and 4)

. Changes in MSB in the greenhouse caused different patterns of changes in
parameters characterizing the yield minitubers for genotypes. Therefore, each
variety grown should be evaluated individually in the future. (Thesis 1 and 4)
. Asthe MBS increased, the average weight of minitubers decreased; however,
the size distribution of minitubers remained right skewed in the direction of
larger size grades of minitubers. Such a trend indicates that microplant
planting density can be even more increased if necessary; however, traits of
individual varieties must be considered. (Thesis 1 and 4)

. When planted in the field, smaller minitubers had slower emergence, later
within row canopy closure, and fewer stems were formed. For the 'Monta'
variety, the smallest minitubers had not only a significantly lower emergence
rate within the variety but also a lower emergence rate of minitubers from all
size grades compared to the 'Prelma’ and 'Mandaga' varieties. Research on the
effect of minituber storage conditions on plant emergence is needed.
(Thesis 2)

. In field conditions, a higher number of progeny tubers for all varieties was
obtained from larger minitubers, both when expressed as the number of
progeny tubers >25 mm per emerged plant and per planted minituber
(multiplication rate in field conditions). The 'Monta’ variety had a
significantly lower multiplication rate for all minituber size grades under field
conditions than the 'Prelma’ and 'Mandaga' varieties. (Thesis 2)

. Both the field value of one microplant (LaVma) and the greenhouse area unit
(LaVpia) were significantly influenced by genotype and microplant planting
density. As the planting density increased, the field value of minitubers grown
per m? increased, while the field value of minitubers obtained from one
microplant decreased. Such trends of changes corresponded to the direction
of changes in the multiplication rate in the greenhouse and the number of
minitubers m2. This tendency was caused by the multiplication rate under
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10.

field conditions, which had a corrective effect on the field values, as it
significantly depended on the size grade of planted minitubers. Significant
linear regression equations were obtained between LaVma and the
multiplication rate in the greenhouse and between LaVyia and the number of
minitubers m?. (Thesis 3 and 4)

The obtained relationships between the field value of one microplant and the
multiplication rate in the greenhouse and between the field value of a unit area
of the greenhouse and the number of minitubers per 1 m?revealed that in cases
when the size distribution of minitubers changes approximately to the extent
observed in this study, the effectiveness of change in minituber growing
technology can be evaluated without additional study of the field performance
of minitubers. (Thesis 3)

In the present minituber production conditions at AREI (cost of microplants
0.54 EUR, cost of minitubers 0.41 EUR, or scenario A), only the two lowest
microplant planting densities (MSB) (63 and 95 microplants m?2) were
acceptable per se for all varieties. The analysis of the marginal rate of return
(RIL) revealed that only the change in MSB from MSB63 to MSB95 for the
‘Monta’ variety resulted in a positive RiL value. For ‘Prelma’, all MSBs
higher than MSB63 were excluded. However, MSB95 may be considered in
circumstances when a larger number of minitubers of this variety is required
at a certain period, as variable costs did not exceed the net benefits of this
MSB. The RiL for ‘Mandaga’ in relation to the change in MSB from MSB63
to MSB95 was very low (6%). Although for ‘Mandaga’, a change in MSB
from MSB95 to MSB184 would result in a RiL of 4%, MSB184 is not
recommended for ‘Mandaga’ because variable costs at MSB184 exceeded net
benefits. If the microplants should be purchased at the market price, then only
MSB63 and even lower MSB would be acceptable, but if the value of the
minitubers would be the market price, then for the variety 'Mandaga' increase
of MSB to MSB184 would be efficient, to MSB142 for the 'Prelma’ variety,
and to MSB95 for the 'Monta' variety. (Thesis 4)

In the last propagation cycle, substituting propagation of microplants in glass
test tubes filled with full-strength Murashige-Skoog medium (standard
method at AREI) with propagation in disposable plastic containers filled with
medium with reduced macrosalt content did not significantly affect the
morphology of microplants and did not negatively affect the subsequent yield
of minitubers in the greenhouse. Such a change in the microplant propagation
method would reduce the cost of microplant production (Thesis 5).

The decision on the most efficient planting density of potato microplants in a
greenhouse may depend on several considerations, such as whether the so-
called 3G strategy (certified seed potato in three generations) that requires
large numbers of minitubers is relevant in the area, or perhaps it is necessary
to quickly introduce a new variety into production. Therefore, the agronomic
aspects of minituber production may prevail over economic considerations.

73



Acknowledgments

I thank the Doctoral School of Latvia University of Life Sciences and
Technologies and the ESF co-funded project “Transition of LLU to the new
doctoral funding model No. 8.2.2.0/20/i/001 for the opportunity to complete the
development of the doctoral thesis. Thank you to the AREI team in Priekuli
(former  Priekuli  State Plant Breeding Institute). | appreciate
Dr. agr. llze Skrabule for introducing the world of potatoes, for support in
organizing trials, and for valuable advice and discussions. To the entire team of
the Potato Tissue Culture Laboratory for technical support in propagation of
microplants and in setting up trials, especially to our former colleague Erika
Anmane (formerly Kukemilka) for conducting field observations and yield
analysis in 2015 during my leave. Thanks to Lelde Skrabule and Liga Auzina for
their help in harvesting field trials. Thanks also to my former colleague leva
Mezaka, who helped to create a mathematical formula for evaluating the tuber
size distribution of the yield from minitubers. Thanks to all my colleagues who
helped me navigate the world of terminology, were willing to discuss various
methodological issues and provided other helpful support.

Thanks to the researchers of the Faculty of Economics and Social
Development of the Latvia University of Life Sciences and Technologies,
Dr.oec. K. Naglis-Liepa and L. Proskina, as well as my colleague
Dr. cec. S. Cerina for consultative support in the assessment of economic
efficiency.

I am grateful to AREI for providing me with the opportunity to attend
scientific conferences, during which | had the opportunity to meet excellent
scientists, each of whom is one of the outstanding experts in potato research.
Special thanks to Prof. W. J. M. Lommen of Wageningen University for the time
devoted to discussions that led to the idea of the field value concept.
W. Lommen's extensive research activity, her publications and our discussions
served as the basis for the creation of the methodology of the doctoral thesis trials.
Thank you to Prof. J. Hagman from the Swedish Agricultural University (SLU),
who shared her research experience with minitubers and who provided me with
her doctoral thesis. Thank you to Dr. D. Firman from the University of
Cambridge, who made it possible to understand and apply the approach used in
the doctoral work on the evaluation of the progeny tuber size distribution (yield
obtained in field conditions).

I sand my warmest thanks to my family for understanding that time is one
of the most important resources to write my PhD thesis. I thank Janis for his
support in raising our little girl when | had to go on business trips to present the
results of the research and she was still very young. Thanks to my daughter
Rasa llze for such a deep understanding of the specifics of the research work and
why it is necessary for Mom to write this very special work.

74



P&tljuma rezultatu aprobacija / Approbation of the scientific work

Zinatniskie raksti, kas indekséti SCOPUS un /vai Web of Science datu
bazes /
Articles indexed in SCOPUS and/or Web of Science data bases

. Dimante I., Gaile Z., Proskina L., Cerina S. (2022). High microplant densities
in greenhouses — are they always efficient in small potato minituber
production  systems?  Am. Journal of  Potato Research,
https://doi.org/10.1007/s12230-022-09876-1.

. Dimante 1., Mezaka 1., Gaile Z. (2019). The effect of Minituber Weight on
their Field Performance under a Northern European environment. Agronomy
Research, 17 (2), p. 396-407. (Scopus (citéts 1 reizi / quoted once), Web of
Science (citéts 1 reizi / quoted once))

. Dimante 1., Gaile Z. (2018). Assessment of potato plant development from
Minitubers. Agronomy Research, 16 (4), p. 1630-1641. (Scopus (citéts 3
reizes / quoted three times), Web of Science Biosis citation index (citéts 3
reizes / quoted three times))

. Dimante I., Gaile Z. (2015). The effect of planting density on potato (Solanum
tuberosum L.) minituber number, weight and multiplication rate. In: Research
for Rural Development 2015: annual 21th International Scientific Conference
Proceedings, Jelgava, May 13-15, 2015. Latvia University of Life Sciences
and Technologies, Vol. 1, p. 27-33. (Scopus (citéts 1 reizi / quoted once))

. Dimante 1., Gaile Z. 2014. Potato minitubers technology — its development
and diversity: A review. In: Research for Rural Development 2014: annual
20th International Scientific Conference Proceedings, Jelgava, May 21 — 23,
2014. Latvia University of Life Sciences and Technologies, Vol. 1, 69-76.
(Scopus (citets 4 reizes / quoted four times ), Web of Science (citéts 5 reizes
/ quoted five times))

Citi recenzétie zinatniskie raksti / Other scientific articles

. Dimante 1., Gaile Z. 2018. Kartupelu mikroaugu audz&Sanas apstaklu
vienkar$osana pedgja pasaza var uzlabot sikbumbulu audzgsanas efektivitati.
No: Razas svétki "Vecauce — 2018": zinatniska seminara rakstu krajums.
Latvijas Lauksaimniecibas universitate, Lauksaimniecibas fakultate. SIA
LLU MPS “Vecauce”. Jelgava: LLU, 29.— 32. Ipp.

. Dimante 1. 2013. Kartupelu izlases s€klas (minibumbulu) audze$anas
izvertgjums Valsts Priekulu LSI. No: Razas svétki "Vecauce 2013".
Lauksaimniecibas augstakajai izglitibai Latvija — 150: zinatniska seminara
rakstu krajums. Latvijas Lauksaimniecibas universitate, Lauksaimniecibas
fakultate. SIA LLU MPS “Vecauce” Jelgava: LLU, 37.— 40. Ipp.

75



Konferenéu tezes / Conference abstracts

. Dimante 1., Gaile Z. (2022). Agronomic Versus Economic Efficiency of
Using High Microplant Densities in a Small Minituber Production Entity.
11th World Potato Congress. Dublin, Ireland, May 29— June 2, 2022.

. Dimante I., Gaile Z. (2018). Evaluation of benefits and losses of minitubers
production as affected by increased potato in vitro plants density under
greenhouse conditions. In: 10th World Potato Congress. Abstract book.
Cusco, Peru, May 27-31, 2018, p. 86.

. Dimante 1., Gaile Z., Skrabule I. (2017). The effect of potato (Solanum
tuberosum L.) minituber weight on seed yield and its size distribution. In:
Potato Research. Vol. 60(1): Abstracts of the third meeting of the section
agronomy and physiology of the EAPR. Riga, Latvia, September 25-29, 2016,
p. 93-94. (Web of Science)

. Dimante, I; Gaile, Z. (2015). The effect of potato (Solanum tuberosum)
minituber size on plant development and seed yield. In: Nordic View to
Sustainable Rural Development, Proceedings of the 25th NJF congress. Riga,
Latvia, June 1618, p. 175. (Web of Science)

. Dimante 1., Gaile Z. (2014). A case study on current potato (Solanum
tuberosum L.) minitubers production in Latvia and its further prospects. In:
Proceedings of the 19th Triennial Conference of the European Association
for Potato Research, Abstract book. Brussels, Belgium, July 6-11, 2014,
p.191.

Referati konferencés un seminaros/
Presentations in scientific conferences and seminars

. Dimante 1., Gaile Z. (2018). Kartupelu mikroaugu audzgSanas apstaklu
vienkar$osana p&dgja pasaza var uzlabot sikbumbulu audzgsanas efektivitati.
Razas svetki "Vecauce — 2018", 1. novembr, 2018, Vecauce, Latvija.

. Dimante I., Gaile Z. (2018). Evaluation of benefits and losses of minitubers
production as affected by increased potato in vitro plants density under
greenhouse conditions. 10th World Potato Congress, May 27-31, 2018
Cusco, Peru.

. Dimante I., Gaile Z., Skrabule 1. (2016). The effect of potato (Solanum
tuberosum L.) minituber weight on seed yield and its size distribution. 3rd
meeting of the Section of Agronomy and Physiology of the European
Association for Potato Research (EAPR), September 25-29, 2016, Riga,
Latvia.

. Dimante I., Gaile Z. (2015). The effect of planting density on potato (Solanum
tuberosum L.) minituber number, weight and multiplication rate.
International conference “Research for Rural Development — 2015, May
13-15, 2015, Jelgava, Latvia.

76



. Dimante 1. (2014). Plant tissue culture techniques and healthy seedlings
propagation in Latvia. Current situation overview. Workshop on Techniques
of Tissue Culture and Healthy Seedlings Propagation, Oct. 28 — Nov. 21,
2014, Taipei, Taichung, Taiwan (RoC).

. Dimante I., Gaile Z. (2014). Potato minitubers technology — its development
and diversity: a review. International scientific conference “Research for
Rural Development -2014”, May 21-23, 2014, Jelgava, Latvia.

Stenda referati /
Poster presentations in scientific conferences and seminars

. Dimante 1., Gaile Z. (2022). Agronomic Versus Economic Efficiency of
Using High Microplant Densities in a Small Minituber Production Entity.
11th World Potato Congress, May 29— June 2, 2022, Dublin, Ireland.

. Dimante 1., Gaile Z. (2017). Potato in vitro plants density in greenhouse
affects field value of minitubers. 20t" triennial conference of the European
Association for Potato Research (EAPR), July 9-14, 2017, Versailles, France.
. Dimante, 1., Gaile, Z. (2015). The effect of potato (Solanum tuberosum)
minituber size on plant development and seed yield. The 25th NJF congress,
June 16-18, 2015, Riga, Latvia.

. Dimante 1., Gaile Z. (2014). A case study on current potato (Solanum
tuberosum L.) minitubers production in Latvia and its further prospects. 19th
Triennial Conference of the European Association for Potato Research
(EAPR), July 6-11, 2014, Brussels, Belgium.

. Dimante I. (2013). Kartupelu izlases s€klas (minibumbulu) audz&Sanas
izverte§jums Valsts Priekulu LSI. Razas svétki "Vecauce 2013". 7.
novembrT, 2013, Vecauce, Latvija.

77



	Ilze Dimante. Kartupeļu sīkbumbuļu audzēšanas efektivitātes paaugstināšanas iespēju izvērtējums = Evaluation of possibilities to increase efficiency of potato minituber production : promocijas darba kopsavilkums zinātnes doktora (Ph.D.) grāda iegūšanai lauksaimniecības un zivsaimniecības zinātnēs, mežzinātnē, Jelgava, Latvija, 2022

	Informācija

	SATURS / CONTENTS
	IEVADS
	MATERIĀLI UN METODIKA
	Kartupeļu mikroaugu stādījuma biezības ietekmes uz sīkbumbuļu ražu raksturojošiem rādītājiem novērtēšanas metodika
	Sīkbumbuļu agronomiskais sniegums lauka apstākļos
	Lauka vērtības aprēķināšana sīkbumbuļiem
	Mikroaugu stādīšanas biezības ekonomiskās efektivitātes izvērtēšana
	Metodika mikroaugu audzēšanas paņēmiena pēcietekmes uz sīkbumbuļu skaitu un ražu siltumnīcā novērtēšanai
	Datu apstrādes metodes

	REZULTĀTI
	Kartupeļu mikroaugu stādījuma biezības ietekme uz sīkbumbuļu ražu raksturojošiem rādītājiem
	Sīkbumbuļu agronomiskais sniegums lauka apstākļos
	Sīkbumbuļu lauka vērtība
	Mikroaugu stādīšanas biezības paaugstināšanas ekonomiskās efektivitātes izvērtējums
	Mikroaugu audzēšanas paņēmiena pēcietekme uz sīkbumbuļu skaitu un ražu siltumnīcā

	SECINĀJUMI
	Pateicības
	INTRODUCTION
	MATERIALS AND METHODS
	Methodology for evaluating the effect of potato microplant planting density on yield parameters of minitubers
	Evaluation of the field performance of minitubers
	Calculation of field value
	Evaluation of the economic efficiency of microplant planting density
	Methodology to examine the aftereffects of the propagationmethod of microplants on the number and yield of minitubers in a greenhouse
	Data statistical analysis

	RESULTS
	Effect of planting density of potato microplants on yield related traits of minitubers
	Field performance of minitubers
	Field value of minitubers
	Evaluation of the economic efficiency of changes in microplant planting density
	The effect of propagation method of microplants on the number and yield of minitubers in a greenhouse

	CONCLUSIONS
	Acknowledgments
	Pētījuma rezultātu aprobācija / Approbation of the scientific work



