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IEVADS

Ziemas rapsis (Brassica napus L.) ir salidzino§i jauns kultiraugs
Latvijas lauksaimnieciba. Lauksaimniecibas pakalpojumu kooperativu attistiba
2000. gadu sakuma ir veicinajusi ekonomiski pamatotu ziemas rapsa audzesanu
Latvija. RapSa audz€Sana veiksmigi attistijusies, pateicoties noris€m
biodegvielas industrija, kas ir sekmgjusas stabilo pieprasijumu tirgli pc rapsa
séklam. Latvija kopuma ~ 85% no rapSa koprazas tiek iegltsS no ziemas rapsa.
Ta ka rapsis ir nozimigs kultiraugs augu maina, tad var prognozet, ka ziemas
rapSa platibas pieaugs, jo ar Eiropas Komisijas 1@émumu no 2013. gada
1. decembra rapsa s€klas aizliegts kodinat ar neonikotinoidu grupas saturo§am
kodn€m, lidz ar to vasaras rapSa s¢jumu platibas ir krasi samazinajusas.

Geografiski Latvija atrodas ziemas rapSa audz€Sanai labveliga zona,
tomér pastav vairaki riski, kas ietekmé ST kultlirauga audzgésanu. Galvenie riski
veiksmigai ziemas rapSa audz€S$anai ir saistiti ar ziemoSanu. Latvija loti trukst
plasaku pétijumu par dazadiem agrotehniskiem elementiem un to ietekmi uz
ziemas rap$a augSanu un attistibu, ipa$i rudeni. Ka galvenie ziemas rapsa
audzeésanas agrotehniskie elementi jamin Skirne, sgjas laiks, izs€jas norma, un
aizvien nozimigaka klGst augu augSanas regulatoru lietoSana. Augstu razu
ieglsSanai Latvijas apstaklos ir loti svarigi izprast elementus, kas veido razu un
faktorus, kas S0 elementu vértibas ietekmé. Ka galvenie ekologiskie faktori, kas
ietekm@ ziemas rapSa augSanu un attistibu, Tpasi rudens perioda, ir augsnes
mitruma apstakli un gaisa temperatira. Mitruma nodroSinajums un gaisa
temperattra turpmak darba tiks petiti dzilak.

P&tfjumu par rapsa augSanu un attistibu, Ipasi par ziemosanu, trukst tiesi
Latvijas klimatiskajos apstaklos. P&€dgja desmitgadé ziemas ir bijuSas saméra
skarbas pret rapsi, tam novérotas parziemoSanas problémas. Latvijas platuma
grados svarigs ir rapSa augSanas periods rudeni, jo ziemo$anas apstakli ir
saméra bargi un Latvija geografiski atrodas uz robeZas starp veiksmigu ziemas
rapSa audzéSanas klimatisko regionu un riskantu $1 kultGrauga audze$anas
regionu, ko ari var novérot Latvijas teritorijas robeZas. Labi attistitam saknes
kakla diametram, zemam augSanas punkta augstumam virs augsnes virsmas un
pietickamam lapu skaitam ir vislielaka ietekme uz labu rapsa ziemoSanu.
Ziemas rapsa ziemcietibu ietekme nelabveligo apstaklu kopums ziemas laika —
izsalSana, izslikSana, izsusana, ledus garozas veidoSanas un izcilasana. Rapsa
spgju izturét nelabveligos apstaklus ziemas laika nosaka noteikti auga
biometriskie un ktmiskie raditaji pirms ziemas. S&jas laika un izs€jas normas
ietekme uz ziemas rap$a ziemosSanu ir svariga, jo tie visvairak ietekmé rezultatu
— sklu razu. Ar augu augSanas regulatoru lietosanu dalgji var labot neprecizi
izveleta sjas laika un izs€jas normas kliidas. Cukura saturs augd rudens
perioda, ziema un p&c ziemoSanas ir svarigs ne tikai ziemas rapsim, bet arl
ziemas kvieSiem. Latvija l1dz §im nav p&tfjumu par rapsa kimisko sastavu un ta
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sakaribu ar ziemcietibu. Razas veidoSanos, un pasi razas sturktiirelementus,
butiski ietekmé audz&$anas tehnologiju, Skirpu un meteorologisko apstaklu
mainiba.

Prognozes liecina, ka, palielinoties razoSanas efektivitatei, noverosim
gan rapsa razibas, gan arl kop€ja sarazotd rapSa apjoma pieaugumu, bet bez
minéto ziemas rapSa audzgSanas biitiskako agrotehnisko elementu padzilinatas
izpratnes So mérki sasniegt biis daudz gruitak.

Darba hipotéze: ziemas rapsa razas veidosanos ietekmé ka skirnes izvéle, ta
arT vairaki s€jas gada rudent lietotie agrotehniskie elementi.

Darba meérkis: pétit agrotehnisko elementu lietoSanas ietekmi uz ziemas rapsa
augSanu un attistibu divam atskirigam ziemas rapsa $kirném.

Darba uzdevumi

1) Noskaidrot sgjas terminu, izs€jas normas un augu augsanas regulatora
lietoSanas nozimi uz ziemas rap$a augSanu un attistibu s€jas gada
rudent.

2) [Izvértet ziemoSanas rezultatus péc divam metodém, ka ari to
ietekm@josos faktorus.

3) Skaidrot pétamo faktoru ietekmi uz turpmako ziemas rap$a aug$anu un
attistibu, razas un tas struktiirelementu veidoSanos.

4) Izvert§jot ziemas rapSa augSanu un attistibu atkariba no pétamajiem
faktoriem, noteikt piemé&rotako s¢jas laiku un izs€jas normu.

Darba zinatniska novitate

1) Vertéti ziemas rapSa biometriskie raditaji s€jas gada rudeni un izvertéti
faktori, kas tos ietekmé.

2) Pirmo reizi noteikts un vertéts cukuru saturs ziemas rap$a stumbra un
sakn€ gan pirms, gan pec ziemosanas.

3) Linijskirnei un hibridajai $kirnei noteikts piemé&rotakais s€jas laiks un
izs€jas norma augstu seklas razu ieguvei.

Aizstavamas tézes

1) Veélamais sgjas laiks Iinijskirném un hibridajam Skirném var but
atSkirTgs, kas saistits ar ekologisko faktoru nodro$inajumu, bet s€ja
japabeidz augusta.

2) Nav nepiecieSams lietot izs€jas normu vairadk ne ka 60 — 80
digtspgjigu séklu uz 1 m% jo rapSa augu iztrikumu kompensé
individualu augu produktivitate.

3) Augu augsanas regulatora lietoSanai rudeni ir daudzveidiga ietekme uz
rapSa augsanu un attistibu.

P&tfjuma rezultati atspoguloti 8 zinatniskas publikacijas anglu un latviesu
valoda, tai skaita zurnalos un starptautisko konferencu un kongresu recenzetas
starptautiskas publikacijas. Par zinatniska darba rezultatiem sniegti 4 mutiski
referati un 3 stenda zinojumi starptautiskajas konferences, kongresos un
zinatniskos seminaros.



PETIJUMU APSTAKII UN METODES

Lauka izméginajumu iekarto$anas metodika. Lauka izm&ginajumi no
2007./2008. lidz 2010./2011. gadam tika iekartoti SIA Latvijas
Lauksaimniecibas universitates (LLU) macibu un pétjjumu saimnieciba
Vecauce. Katra izméginajuma ierikoSanas gada iekartots 3 faktoru
izméginajums ar divam dazadam kompanijas “Monsanto”, “Dekalb” selekcijas
ziemas rapsa Skirném ‘Californium’ (Iinijskirne) un *Excalibur’ F1.

Faktors A — pieci s§jas termini (Al — 1. augusts; A2 — 10. augusts; A3 —
20. augusts; A4 — 1. septembris; A5 — 10. septembris). Faktors B — izsgjas
normas (B1 — 120, B2 — 100, B3 — 80, B4 — 60 digtsp&jigas seklas uz 1 m?
Skirnei ‘Californium’; B1 — 80, B2 — 60, B3 — 40, B4 — 20 digtsp&jigas s¢klas
uz 1 m? hibridam * Excalibur’). Faktors C — fungicida un augu aug$anas
regulatora (AAR) lietoSana, ar divam gradacijas klasem (C1 — kontrole bez
AAR lieto$anas, C2 — AAR lietosana).

Izméginajuma tika lietots razotaja BASF SE AAR Juventus 90 $.k.
(metkonazols, 90 g L™) 0.5 L ha™ sgjas gada rudeni ziemas rapsa 4 — 6 lapu
fazé (13. — 23. AE). AAR lietoja 1., 10. un 20. augusta s€tam rapsim, bet
1. septembri (A4) un 10. septembri (AS) sétam rapsim AAR nelietoja, jo tas
attiecigos AE sasniedza velu oktobrT vai nesasniedza nemaz.

Izméginajums iekartots smil§mala virsgji velénglejota augsné (Latvijas
augsnu klasifikacija, 2009), kas péc World Reference Base for Soil
Resources(2014) bija 2007./2008. un 2008./2009. gada Endocalcaric Cambic
Stagnic Phaeozem, 2009./2010. gada Endocalcaric Stagnic Cambisol un
2010./2011. gada Calcaric Luvic Endostagnic Phacozem (Anthric).
Agrokimiskie raditaji: organiska viela vidgji 18 — 38 g kg™ augsnes (péc
Tjurina metodes), augsnes apmainas reakcija pH KCl 6.6 — 7.4, augiem
izmantojamais P,0s — 210 — 444 mg kg™ un K,0 — 111 — 234 mg kg™ augsnes
(péc Egnera — Rima metodes).

PriekSaugs visos izméginajuma gados bija graudaugu mistrs zalmasai.
Sgja tika veikta tulit pec augsnes safréz€Sanas, lietojot s€§jmasinu ,,HEGE — 80”
ar platumu 1 m. Lietots pamatm&slojums: N — 28 kg ha™, P,O5 — 68 kg ha™ un
K,O — 124 kg ha® (2007. gada); N — 18 kg ha', P,0s — 78 kg ha™ un
K,0O — 120 kg ha™ (2008., 2009. un 2010. gada). Visos izméginajuma gados
pirmaja papildméslosanas reizé slapeklis tika dots, vegetacijai atjaunojoties
N — 70 kg ha™, izmantojot amonija nitratu (NH;NOs) ar 34% N saturu. Otra
papildméslosanas reizé rapSa rozetes attistibas fazé (AE 31 — 33) tika dots
slapeklis N — 70 kg ha™, izmantojot amonija sulfatu ((NH,),SO,) ar 21% N
saturu, tadéjadi rapsi papildus nodroginot ar séru S — 80 kg ha ™. Kopgja
slapekla normal58 — 168 kg N ha™.

Visos izm&ginajuma gados tika lietots herbicids Butizans Stars $.k.
(metazahlors, 333 g L™, kvinmeraks, 83 g L") 2.5 L ha™ tilit psc sgjas
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(AE 00. — 09.). Izpémums bija 2007. un 2008. gada rudeni, kad 1. septembri un
10. septembr s€tam rapsim herbicids netika lietots, bet nezalu ierobezoSana
tika veikta pavasari vegetacijas perioda sakuma, kad gaisa temperatara bija virs
10 °C, lietojot herbicidu Lontrels 300 .k. (klopiralids, 300 g L™) — 0.5 L ha™.
Baltas puves (ier. Sclerotinia sclerotiorum) ierobeZosanai visos izmé&ginajuma
gados tika lietots fungicids Kantus d.g. (boskalids, 500 g kg™) rapsa pilnzieda
(AE 65.). Krustziezu spiduli (Melighetes aeneus) ierobeZoja péc vajadzibas.
Rapsa raza novakta ar kombainu “HEGE — 1407, nokulot katra laucina razu
atseviski. Raa parrekinata t ha™ pie 100% tiribas un 8% mitruma.

Novérojumi un veiktas analizes. [zm&ginajumos tika noteikti rapsa
biometriskie raditaji rudeni gan ar fungicidu apstradataja, gan neapstradatajos
variantos (faktors C un C1), vegetacija perioda beigas rudeni, veikti
fenologiskie novérojumi, noteikta laukdidziba. S&jas gada rudeni vegetacijas
perioda beigas noteica cukuru saturu ziemas rapSa sakn€s un stumbra
paraugiem, ko pan€ma nO visos piecos s€jas terminos s€tajiem lauciniem,
veidojot vidgjo paraugu no katra s€jas termina. Cukura saturu paraugos noteica
Latvijas Lauksaimniecibas universitates Agronomisko analiZzu zinatniskaja
laboratorija, izmantojot Lufa — Sorla metodi (LVS 252:2000). Metode balstas
uz reducgjoso cukuru noteiksanu, izsakot tos ka invertcukuru vai glikozes
ekvivalentu. Pavasari, vegetacijai atsakoties, noteica Vegetacijas perioda
atjaunoSanos, vert€ja ziemcietibu (Vért€ja s€juma stavokli rudeni pirms
vegetacijas beigam un pavasari, kad augu vegetacija atjaunojusies Vizuali p&c
9 ballu skalas; augu skaits pavasari pret augu skaitu rudeni (%)), fenologisko
fazu iestasanos (61. AE, 65. AE, 69. AE, 89. AE), novak$anas laiku, augu
biezibu razas novaksanas laika. P&c nokulSanas seklu raza nosverta, vienlaicigi
nonemot vidgjo paraugu séklu mitruma un tiribas noteikSanai. Mitrums noteikts
ar ekspresmetodi, izmantojot mitruma noteicgju ,,WILE 55 digital”. Raza
parrékinata pie 8% mitruma un 100% tiribas. RapSa razas strukttirelementus
noteica 87. — 89. rapSa attistibas etapa (p&c BBCH skalas), izmantojot
paraugkiili, ko nonéma no 0.5 m” augu bieziba 1 m?, pakstenu skaits vienam
augam, ko izrékinaja no paraugkiila kop&ja pakstenu skaita, tos saskaitot, un
izdalot ar augu skaitu paraugkili; viena auga produktivitate izré€kinata no
paraugkiila kopgjas se€klu masas, kas dalita ar augu skaitu paraugkuli. Seklu
skaitu augam izrékinaja pec (1) formulas (Malinauskas, 2005):

S =1000 x (PJ, 1)
M

kur:

S — seklu skaits augam;

P — auga produktivitate, g;
M — 1000 seklu masa, g.



Seklu skaitu paksteni aprékinaja péc (2) formulas:

S
=|—, 2
a ( j 2

kur:

a — seklu skaits pakstent;
S — seklu skaits augam;

A — pakstenu skaits augam.

Pielietoto kvalitates analiZu metodes. Rapsa TSM noteica atbilstosi
standartam LVS EN ISO 520:2011 ,,Graudaugi un paksaugi. 1000 graudu
masas noteikSana”.

Datu apstrade. Rapsa Dbiometriskie, augu biezibas, razas
struktiirelementu un razas raditaji tika apstradati “MS Excel” vid€, izmantojot
divfaktoru un trisfaktoru dispersijas analizi ar datu riku ANOVA, parbaudot
bitiskuma Iimeni (p < 0.05). Rapsa kimisko raditaju datu apstrade tika veikta,
lietojot datorprogrammas SPSS programmu paketi SPSS 22.0 vidé ar datu
apstrades metodi Descritives statistics — Univariate. Raditaju sakaribu analizes
veikSanai tika izmantota regresijas analize un Pirsona korelacija (p < 0.05).
Ziemcietibas (balles) un augu biezibas sakaribu aprékinasanai tika izmantota
Spirmena rangu korelacija, kas aprékinata, izmantojot datorprogrammas SPSS
programmu paketi SPSS 22.0 ar datu apstrades metodi Correlate — Bivariate
Correlations. Pétito faktoru ietekmi uz vidgjiem Cetru gadu razas raditajiem
vertéta izmantojot, programmu paketi SPSS 22.0 metodi Univariate Analysis of
Variance.

Vegetacijas perioda meteorologisko apstaklu raksturojums. No
visiem izméginajuma gadiem sausakais augusta vidus bija 2007. gada. Visos
izméginajuma gados augusta beigas (tre$a dekade) bija pietieko$i mitrs, kas
veicindja rapSa attistibu. Mitruma apstakli septembra sakuma rapSa digSanai
bija pietiekami visos izmégindjuma gados, kaut ari nokri$nu daudzums $aja
perioda bija atskirigs. Vissausakais oktobris bija 2010. gada, kad méneSa
nokri$nu summa bija mazaka neka ilggadigie raditaji (norma), pargjos gados
nokriSnu summa bija virs normas. Vissiltakais oktobris bija 2007. un
2008. gada, kas loti labveligi ietekm&ja rapsa attistibu, it pasi pedgjos s€jumos.

Vissiltaka no ziemam izméginajuma gados bija 2007./2008. gada ziema.
Ka ziemas rap$a ziemoSanai nepiemérotaka bija 2010./2011. gada ziema.
Izméginajuma gados aprila sakums vissiltakais novérots 2008 un 2009. gada.
Kopuma aprili ziemas rapsim aug$anai nepiecieSamais mitrums bija pietiekams.
Apstakli turpmakos vasaras ménesos biitiski neietekmg@ja ziemas rapsa augsanu
un attistibu.



Lai noveértétu mitruma apstaklus, tika aprékinats hidrotermiskais
koeficients (HTK) (Cirkovs, 1978). Hidrotermisko koeficientu (HTK)
aprekinaja péc (3) formulas:

HTK = 2010, ©)
ztDlO
kur:
XN — nokriSnu summa attiecigaja perioda (10 dienas), mm;
Y t,0 — temperatiiru summa virs 10 °C taja pasa perioda.

Lai vértetu temperatiiras ietekmi uz rap$a augSanu un attistibu rudent,
izrékinatas augs$anas gradu dienas (GDD). GDD rékinaja p&c (4) formulas:

GDD= (Tmaxifm) ~Torane (4)
kur:
Tmax — diennakts maksimala temperatiira;
Tmin — diennakts minimala temperatiira;

Thaes — bazes temperatira (5 °C).
REZULTATI

Raps$a augSana un attistiba rudens perioda

Ziemas rapSa digSanas ilgums dienas bija atkarigs no pétjjuma gada
meteorologiskajiem apstakliem un s€jas laika. No visiem izméginajuma gadiem
visvienmerigak rapsis sadiga 2007. gada, pilnu digstu fazi (AE 09) sasniedzot
8 — 10 dienu laika. Ilgakais seklu digSanas laiks atzZim&ts 1. augusta setajos
laucinos 2008. un 2009. gada, 10. septembri sétais rapsis ar trijos no Cetriem
izmégingjuma gadiem pilnu digstu fazi sasniedza tikai péc 15 — 17 dienam
Visos izméginajuma gados starp p&tamajam $kirn€m netika noverotas at8kiribas
digSanas ilguma. Augusta s€ta rapSa digSanu ietekmé&ja nokrisSnu daudzums
pirms s€jas vai ari 1si péc s€jas, jo gaisa temperatiira bija augsta, ka rezultata
augsnes virskarta atri izziist. augustd s€tais rapsis visilgak diga, kad bija
nepietiekams mitrums vai pat loti sauss laiks (HTK < 1.0). 2008. un 2009. gada
1. augusta s€tais rapsis diga loti ilgi, jo bija sausums gan pirms s&jas, gan arl
pec tas. Kaut arT septembrT gaisa temperatiira vairs nebija tik augsta ka augusta
sakuma, tomer 2008. un 2009. gada septembra sakuma noveroti sausi
laikapstakli (HTK < 1.0), lidz ar to digSanas laiks rapsim bija gars
(14 — 15 dienas). Izpemums bija 2010. gada 10. septembri sCtais rapsis, kas
diga visilgak, kaut arT netika nov@rots sausums vai izteikti zema gaisa
temperatira. Cetru gadu izmégindjuma rezultati rada, ka vislielako GDD
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daudzumu uzkraja rapsis, kas séts 2007. gada 1. augusta (567), vismazako —
rapsis, kas séts 2010. gada 10. septembri (38) (1. tab.).

1.tabula/ Table 1
Augsanas gradu dienas (GDD) no 10. AE iestasanas lidz vegetacijas perioda
beigam s€jas gada rudeni, MPS Vecauce 2007. — 2010. g./
Growing degree days (GDD) from emergence (GS 10) to the end of vegetation period in
the sowing year, RSF Vecauce, 2007 — 2010

Sgjas termini/ sowing dates

Gads au uls.ts /1 10. augusts/ | 20.augusts/ | 1.septembris/ | 10. septembris/
Year Agugust 10 August 20 August 1 September 10 September

(A1) (A2) (A3) (A4) (A5)
2007 567 431 289 216 164
2008 440 386 276 192 135
2009 428 377 277 187 60
2010 478 332 204 134 38

Biometriskie raditaji rudens vegetacijas perioda beigas. Auga
biometrisko raditajus ietekm&ja gan sEjas laiks, gan izs€jas norma, gan
augSanas regulatoru lictosana un ari $kirne. RapSa s€jas terminam bija
biitiska (p < 0.05) ietekme uz visiem biometriskajiem raditajiem.

Auga masa. Vidgja auga masa visos izméginajuma gados bija robezas
no 90.4 g skirnei ‘Excalibur’ sétai 2008. gada 1. augusta 1idz 0.6 — 0.5 g Skirnei
‘Californium’ 2009. un 2010. gada sétai 10. septembri (2. tab.). Vislielaka
vidgja augu masa tika iegiita, s€jot rapsi 1. augusta.

Sgjas termina ietekmi uz auga masu skaidroja sakaribas starp GDD, ko
rapsis uzkrajis lidz vegetacijas perioda beigam, un auga masu. Izteiktaka Si
sakariba ve€rojama Skirnei ‘Excalibur’, kur sakaribu raksturo determinacijas
koeficients R’=0.88, &kirnei ‘Californium’ — determinacijas koeficients
R°=0.79.

Izs€jas normai biitiska (p < 0.05) ietekme uz auga masu tika noverota
2009. un 2010. gada skirnei ‘Californium’ un 2007., 2009. un 2010. gada
Skirnei ‘Excalibur’. Visos izméginajuma gados novérots, ka, samazinoties augu
biezibai, auga masa pieauga, tomer skirnei ‘Californium’ vislielaka (vidgji no
visiem s€jas terminiem) auga masa bija rapsim ar izs§as normu
100 seklas uz 1 m%

Augu augSanas regulatora (AAR) lietoSana biitiski (p < 0.05) samazinaja
auga masu tikai 2007. gada Skirnei ‘Excalibur’, kur vid&ji bez AAR apstrades
augu masa bija 76.2 g, bet ar AAR apstradatiem augiem — 59.0 g. Tomér
novérota tendence, ka AAR lietosana visos izm&ginajuma gados samazindja
auga masu pirms ziemosanas.

10




2. tabula/ Table 2
Auga masa atkariba no s€jas termina un Skirnes,
MPS Vecauce 2007. — 2010. g. /
Plant biomass weight depending on sowing date and variety,
RSF Vecauce 2007 — 2010

S¢&jas termins/ Californium Excalibur

Sowing date 2007. | 2008. | 2009. | 2010. | 2007. | 2008. | 2009. | 2010.
1. augusts/ 1 August | 39.2 | 40.8 | 309 | 204 | 904 | 614 | 56.3 | 61.8
10. augusts/
10 August 402 | 423 | 241 | 29.2 | 82.0 | 55.8 | 54.4 | 558
20. augusts/
20 August 210 | 188 | 236 7.6 56.1 | 25,5 | 534 | 149
1. septembris/
1 September 7.8 14.3 4.6 2.3 127 | 146 | 112 5.3
10. septembris/
10 September 2.0 3.2 0.6 0.5 3.3 3.2 1.9 0.8

RS/LSD o5 | 7.46 | 747 | 420 | 287 | 1635 | 756 | 11.14 | 9.91

Lapu skaits. Vidgjais lapu skaits augam bija robezas no 10.2 lapam
Skirnei ‘Excalibur’, kas séta 1. augusta 2008. gada lidz 3.4 lapam Skirnei
‘Californium’, kas séta 10. septembri 2010. gada. Vidgji visos s€jas terminos
hibridajai Skirnei ‘Excalibur’ lapu skaits bija lielaks neka IinijSkirnei
‘Californium’. Uzkrato GDD summas vai arl s€jas termina ietekmi uz lapu
skaitu raksturo butiska cieSa sakariba starp GDD un lapu skaitu vegetacijas
perioda beigas abam $kirném visos izméginajuma gados (y = 0.006x + 4.057;
r =0.828 > rpos = 0.444; n = 20) $kirnei ‘Californium’ un (y = 0.009x + 4.600;
r = 0.851 > rq 5= 0.444; n = 20) Skirnei ‘Excalibur’ masu.

Izs€jas normas butiska ietekme uz lapu skaitu atziméta 2009. un
2010. gada skirnei ‘Californium’ un 2007., 2009. un 2010. gada Skirnei
‘Excalibur’. Vislielakais lapu skaits novérots rapsim, kas auga laucinos, kur
lietotas vismazakas izs&jas normas — attiecigi 60 digtspéjigas séklas uz 1 m?
Skirnei “Californium’ un 20 digtspéjigas séklas uz 1 m? skirnei ‘Excalibur’.

Gandriz visos izmégindgjuma gados AAR lietoSana palielinaja lapu skaitu,
bet bitiskas ietekmes uz lapu skaitu nebija Skirnei ‘Californium’ 2009. un
2010. gada un skirnei ‘Excalibur’ 2010. gada.

Saknes kakla diametrs. Saknes kakla diametru, Iidzigi ka lapu skaitu,
s§jas termins ietekméja batiski (p < 0.05) visos izmégindjuma gados. Bitiskas
atSkiribas starp saknes kakla diametru Skirnei ‘Californium’ netika noverotas
1. un 10. augustd sétam rapsim 2008. gada. Skirnei ‘Excalibur’, lidzigi ka
Skirnei ‘Californium’, nebija butisku atSkiribu starp 1. un 10. augusta sétu rapsi
2008., 2009. un 2010. gada. Hibridajai $kirnei ’Excalibur’ visos izm&ginajuma
gados saknes kakla diametrs bija lielaks neka linijskirnei ’Californium’ rapsim.
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A1l s€jas termipa ietekmi uz saknes kakla diametru raksturo bitiska ciesa
sakariba starp GDD un $o raditaju abam $kirném visos izméginajuma gados
(y = 0.0105 + 0.5478x; r = 0.941 > ry 05 = 0.444; n = 20) $kirnei ‘Californium’
un (y =0.0201 + 0.7705x; r = 0.964 > rg o5 = 0.444; n = 20) $kirnei ‘Excalibur’).

Izs€jas norma batiski (p < 0.05) saknes kakla diametru ietekmgja tikai
2009. un 2010. izméginajuma gada rudenos abam p&tamajam skirném. Visos
izmégingjuma gados novérota tendence, ka, samazinoties izs€jas normai,
saknes kakla diametrs palielingja; vislielakais tas bija s§umos, kur lietoja
vismazakas izs€jas normas.

Butiska (p < 0.05) ietekme uz saknes kakla diametru AAR lietoSanai
bija tikai Skirnei ‘Excalibur’ 2007. un 2010. gada. Analiz&jot AAR ietekmi pa
s€jas terminiem kopuma, netika novérota tendence, ka tie butiski samazinatu
vai palielinatu saknes kakla diametru.

Augsanas punkta augstums virs zemes. AugSanas punkta augstums

bija atskirigs pa gadiem, un vislielakas §T parametra vertibas novérotas 2007. un
2010. gada rudent (3. tab.).

3. tabula/ Table 3
S€jas termina ietekme uz rapsa augSanas punkta augstumu virs zemes atkariba no
s€jas termina un Skirnes ar AAR neapstradatos variantes, MPS Vecauce 2007. —
2010. 9./
Sowing date effect on height of oilseed rape growth point from the soil surface
depenging on sowing date in plots with no PGR* treatment,
RSF Vecauce 2007 — 2010

S¢jas termins/ Californium Excalibur

Sowing date 2007. | 2008. | 2009. | 2010. | 2007. | 2008. | 2009. | 2010.
1. augusts/
1 August 430 | 139 | 190 | 264 | 664 | 20.1 | 327 | 4538
10. augusts/
10 August 216 | 124 | 156 | 123 | 355 | 143 | 26.7 | 205
20. augusts/
20 August 12.2 9.2 11.8 6.0 195 | 112 | 206 9.4
1. septembris/
1 September 5.6 8.8 5.6 4.0 8.4 5.3 9.1 5.2
10. septembris/
10 September 43 43 3.2 2.0 5.1 4.6 4.2 2.2

RS/LSD g5 | 3.30 | 089 | 1.26 | 155 | 384 | 1.30 | 256 | 2.44

* PGR — plant growth regulator Juventus 90 (metkonazol, 90 g L'} 0.5 L ha™®
Noverota izteikta sakariba starp GDD un augSanas punkta augstumu

vérojama abam skirném: ‘Californium’ to raksturo determinacijas koeficients
R?=0.79, kirnei ‘Excalibur’ — determinacijas koeficients R?=0.78 (p < 0.05).
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Izs€jas normai neviend no izméginajuma gadiem abam p&tamajam
Skirn€m nebija biitiskas ietekmes uz augSanas punkta augstumu virs zemes.

Augsanas punkta augstumu virs zemes AAR lietoSana samazinaja visos
izmégingjuma gados, izpemot 2008. gada Skirnei ‘Californium’, kur
apstradatiem rapSiem augSanas punkta augstums vidgji bija 12.5 mm, bet
neapstradatiem augiem — 11.8 mm (8. pielikums). Butiskas ietekmes apstradei
ar AAR nebija tikai 2008. gada skirnei ‘Excalibur’ un 2010. gada Skirnei
‘Californium’.

Saknes masa. Vélakos s€jas terminos saknes masa samazinajas. Vidgji
liclaka saknes masa bija S$kirnes ’Excalibur’ augiem. Viscie$aka sakariba
vérojama starp uzkrato GDD summu vegetacijas perioda beigas un saknes
masu Skirnei ‘Excalibur’, kur sakaribu raksturo determinacijas koeficients
R?=0.91 un attiecigi skirnei ‘Californium’ $o sakaribu raksturo determinacijas
koeficients R?=0.78 (p < 0.05).

Izs€jas normai bitiska (p < 0.05) ieteckme uz saknes masu Skirnei
‘Californium’ bija 2009. un 2010. gada rudeni,skirnei ’Excalibur’ — 2007.,
2009. un 2010. gada rudeni. Visos izméginajuma gados, kad izs€jas normai bija
butiska ietekme uz saknes masu, noveroja, ka, samazinoties izs€jas normai,
saknes masa palielingjas.

AAR lietosanai nebija biitiskas (p > 0.05) ietekmes uz saknes masu
neviena no izméginajuma gadiem.

Saknes garums. Novérota tendence, ka, rapsi s€jot vélakos s€jas
terminos, ta auga saknes garums samazinas.

Izs€jas norma neviena no izméginajuma gadiem nevienai pétitajai
Skirnei bitiski (p > 0.05) neietekm@ja saknes garumu. Netika noverota pat
tendence, ka, mainoties izs€jas normai, mainitos saknes garums.

Bitiski (p < 0.05) lielaks saknes garums bija ar AAR apstradatam
rapsim tikai Skirnei ‘Excalibur’ 2008. un 2009. gada un ar AAR apstradatiem
augiem saknes garums bija lielaks neka neapstradatiem visos s€jas terminos,
rekinot vidgji.

Rapsa kimiskais sastavs rudens perioda

Uzkrato cukuru saturs rudens perioda, ziemas laika un p&c ziemosanas
ziemas rapsim ir svarigs raditajs. Rudens perioda, kad gaisa un augsnes
temperatiiras pazeminas, rapsis uzkraj noteiktu daudzumu cukuru, kas
ziemoSanas perioda cukuri tiek patéréti, lai augi izziemotu.

Sgjas termins (faktors A) biutiski — 95% Ilimeni ietekmga visus
analizetos raditajus, kas noteikti rudeni abam pe&tamajam Skirném. Pavasari
sgjas termins cukuru saturu neietekméja tikai Skirnei ‘Excalibur’. Sjas termina
ietekmi uz cukuru saturu skaidro sakariba starp uzkratajam GDD un cukuru
saturu gan stumbra, gan sakne, kas visos gadijumos bija vidgji cieSa
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(9. pielikums). GDD sakaribu starp cukuru saturu stumbra Skirnei
‘Californium’ raksturo determinacijas koeficients R?= 0.48, Skirnei ‘Excalibur’
— attiecigi tikai R?= 0.32. Sakariba starp uzkrato GDD summu un cukuru saturu
sakn€ Skirnei ‘Excalibur’ bija biitiska (r = 0.482 > rg g5 = 0.466, n = 15). Izsgjas
normai (faktors B) nebija butiskas (p > 0.05) ietekmes uz cukuru saturu
stumbra un sakn€. P&tljuma gada apstakliem bija bitiska (p < 0.05) ietekme uz
rudent un pavasari analiz€to cukuru saturu stumbra un sakn€ abam p&tamajam
Skirn€m, ko rada datu statistiska apstrade.

S&jas gada rudens perioda butiski mazak cukuru rapsis bija uzkrajis véla
sejuma (10. septembris). Visvairak cukuru stumbra uzkraja rapsis, kas séts
10. augusta, kaut ar1 Skirnei ‘Excalibur’ cukuru saturs, s€jot rapsi 1. un
10. augusta, nebija bitiski atSkirigs. Tiesi tada pati tendence bija noveérojama
armT cukuru saturam sakn€ Skirnei ‘Californium’, bet Skirnei ‘Excalibur’
visvairak cukuru uzkraja augi, kas bija s&ti 20. augusta.

Visos sgjas terminos sétam rapsim cukuru saturs rap$a stumbra un sakné
ziemas perioda bija pazeminajas. Vid&ji visvairak cukuru ziemosanas laika tika
pateréts no sakném, salidzinot ar patérinu no stumbra. Visvairak cukuru tika
pateréti rapsim ar vislielako augu masu, ti.,, 1. augusta s€tam rapsim.
Novérojama izteikta tendence, ka vélakos s€jas terminos sétam rapsim cukuru
satura pazeminajums ziemosanas laika stumbra bija mazaks (4. tab.).

4. tabula/ Table 4
Cukura satura samazinajums (g kg* sausnas) ziemoSanas perioda rapsa stumbra
un sakng, MPS Vecauce 2007./2008. — 2009./2010. g./
Decrease of sugar content (g kg™* of dry matter) during wintering in plant stem and root,
RSF Vecauce 2007/2008 — 2009/2010

Cukuru satura samazinajums Cukuru satura samazinajums
Sgjas termins / stumbra / Decrease of sugar sakn&/ Decrease of sugar content
Sowing date content in stem in root

Californium Excalibur Californium Excalibur
n :335::5/ 99.9 97.7 1005 79.7
o :ﬂgﬂ:tti/ 721 40.9 94.0 68.3
2200' Z‘L%‘fstf/ 241 34.0 104.3 94.7
n ;eegtt:n':‘tf’;i/ 38.7 433 62.5 74.2
10. septembris/
10 Segtember*’** 24.7 20.8 48.6 51.2

*_2008. gada pavasari netika veiktas analizes / Analyses were not taken in spring 2008
*%_2009./2010. gada neizziemoja / Did not overwintered in 2009/2010
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Bitiska cieSa negativa korelacija starp ziemcietibu (augu skaits rudent
pret augu skaitu pavasarl, %) un cukuru satura samazinasanos stumbra
2008./2009. gada noverota abam Skirneém (R? = 0.93 “Californium’; R? = 0.97
‘Excalibur’) un cukuru samazinasanos sakné kirnei ‘Excalibur’ (R? = 0.87).
Bitiska sakariba starp ziemcietibu un cukuru satura samazinaSanos stumbra
2009./2010. gada noverota tikai Skirnei ‘Excalibur’ (R?=0.80). Rezultati rada,
ka rapsim, kas labak ziemojis, ziemosanas laika cukuri pateréti mazak.

Cukuru saturu stumbra un sakné AAR lietoSana batiski (p = 0.762 —
‘Californium’; p = 0.826 — ‘Excalibur’) neietekmgja. Salidzinot cukuru saturu
stumbra neapstradatiem augiem un tiem, kas apstradati ar AAR, netika
novérota tendence, ka AAR cukuru saturu palielinatu vai samazinatu.

S&jas terminam nebija butiskas (p > 0.05) ietekmes uz pavasari noteikto
sausnas saturu stumbra abam petamajam Skirném. legiitie rezultati rada, ka
vislielakais sausnas saturs rudeni gan raps$a stumbra, gan sakné (1. att.) bija
agrakos s€jumos auguSiem augiem, bet, ve€lakos terminos sé€tajiem, tas
samazinajas. Sausnas saturs ziemas laika samazinajas, izp€mums bija
10. septembrT séts rapsis (analiz&ts tikai 2008./2009. gada, jo 2007./2008. gada
pavasari neanaliz&ja un 2009./2010. gada — neizziemoja). Novérota tendence,
ka visaugstakais sausnas saturs gan stumbra, gan sakn& bija uzkrats rapsa
augiem, kas s&ti agrak (1. att.).

u Rudens /Autumn H Pavasaris/ Spring

Sausnas saturs/ Dry matter
content, %

1. aug.|10.aug,20.aug/1. sept.

Californium Excalibur

1. att. Vid€jais sausnas saturs rapSa sakné séjas gada rudeni un nakamaja pavasari,
MPS Vecauce 2007./2008. — 2009./2010. g./
Average dry matter content in oilseed rape root in autumn and following spring, RSF
Vecauce 2007/2008 — 2009/2010

S€jas termina ietekmi uz sausnas saturu skaidro sakariba starp uzkrato
GDD summu un sausnas saturu stumbra, kas visos gadijumos bija vidgji ciesa.
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GDD summas sakaribu ar sausnas saturu stumbra Skirnei ‘Californium’
raksturo determinacijas koeficients R* = 0.53 (p < 0.05), kirnei ‘Excalibur’ —
attiecigi R* = 0.60 (p < 0.05). Starp GDD summu un sausnas saturu sakné
novérota ciesa sakariba, ko raksturo determinacijas koeficients R? = 0.94 skirnei
‘Californium’ un R? = 0.88 (p < 0.05) — attiecigi dkirnei ‘Excalibur’. Vértgjot
sausnas satura stumbra un sakn€ sakaribu ar ziemcietibu, nevienai Skirnei ta
nebija bitiska 95% Itment 2007./2008. un 2009./2010. gada. Tacu
2008./2009. gada abam Skirném starp sausnas saturu sakné rudeni un
ziemcietibu novérota cieSa negativa sakariba (r = / — 0.932 / > rqgs = 0.755,
n = 5 ‘Californium’; r =/ — 0.992 / > rygs = 0.755, n = 5 ‘Excalibur’). Tas
nozimg, ka rapSa cukuru un sausnas satura raditaju ietekme uz ziemoSanu ir
javerte kopa ar rapsa biometriskajiem raditajiem.

Ziemas rapsa apstrade rudeni ar AAR (faktors C) butiski neietekmgja
sausnas saturu rapSa stumbra un sakné. Netika ari novérota tendence, ka rapsa
apstrade ar AAR paaugstinatu vai pazeminatu sausnas saturu raps$a stumbra un
sakng.

RapS$a augu biezibas vegetacijas perioda

Ziemas raps$a laukdidziba un attistiba séjas gada rudeni. Kopuma
vidgji no visiem izmE&gindjuma gadiem visaugstaka laukdidziba novérota
10. augusta (95%) un viszemaka 10. septembrT s€tajam rapsim (66%). Daudz
labaka laukdidziba novérota rapsim, kas s€ts 10. augustd, ja salidzina ar
1. augusta séto rapsi. Latvija julija péd€jas dienas biezi bija ar augstu gaisa
temperatiru un samera sausiem laikapstakliem. P&tfjuma rezultati liecina, ka
laukdidzibas rezultati bija atkarigi galvenokart no augsnes mitruma augusta un
gaisa temperatiiras septembri. Ziemas rapsis katra izméginajuma gada attistijas
nedaudz atSkirigi, ko svarigi izvértét, turpmak analiz&jot rap$a ziemoSanas
rezultatus. Vegetacijas beigas rapsis izméginajumos atkariba no s€jas termina
bija atSkirigas augu attistibas fazes.

Ziemas rapsa ziemcietiba atkariba no s€jas termina, izséjas normas
un AAR lietosanas. Ziemcietiba tika vértéta péc diviem raditajiem: — augu
skaits pavasarl pret augu skaitu rudeni (%) un s€umu stavoklis rudeni un
pavasari (9 ballu skala). Ziemas rap$a ziemcietibu (izdzivojuso augu skaits, %)
visos izméginajuma gados ietekméja visi p&tamie faktori. Bitiska (p < 0.05)
ietekme uz rapSa ziemcietibu visos izméginajuma gados abam $kirném bija
s€jas terminam (faktora A), izne@mums bija skirne ‘Excalibur’ 2007./2008. gada
(p = 0.061).

Kopuma labaki ziemcietibas raditaji bija hibridajai skirnei ‘Excalibur’,
iesp&jams, pateicoties labakiem biometriskajiem raditajiem, salidzinot ar Skirni
‘Californium’. Skirnes ‘Excalibur’ parakumu ziemogana radija ari pedgjo s&jas
terminu ziemosanas rezultati p&c 2009./2010. un 2010./2011. gada ziemas, kad
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Skirnei ‘Californium’ 10. septembri veiktajos s€jumos ziemcietiba bija no
1 - 2%. (5. tab.). Kopuma izméginajuma 20. augusta sCtais rapsis ziemoja
vislabak — vidgji 70% ziemcietiba Skirnei ‘Californium’ un 86% $kirnei
‘Excalibur’ (5. tab.). Vidgji no visiem izméginajuma gadiem ziemcietiba
10. septembrT s€tajiem s&jumiem bija zem 50%, kaut arT Skirne ‘Excalibur’ vélu
s€ta ziemoja labak neka Skirne *Californium’ (attiecigi vid&ji 47% un 34%).

5.tabula /Table 5
Ziemas rapsa ziemcietiba (parziemojusi augi % no augu skaita rudeni) atkariba no
séjas termina abam pétamajam Skirném, MPS “Vecauce”, % /
Winter oilseed rape wintering (overvintered plants in % from plant density in autumn)
depending on sowing date for two varieties, RSF Vecauce,%

Californium

Sgjas termins / Izm&gindjuma gads / Trial year

Sowing date (A) | 2007./2008. | 2008./2009. | 2009./2010. | 2010./2011 | Vidgji
1. aug. 82 43 18 77 55
10. aug. 63 64 57 78 66
20. aug. 82 75 37 87 70
1. sept. 82 92 20 56 62
10. sept. 62 71 2 1 34
RS/LSD g0sa 10.2 9.8 175 14.2 x

Excalibur

S&jas termins / Izméginajuma gads / Trial year

Sowing date (A) | 2007./2008. | 2008./2009. | 2009./2010. | 2010./2011 | Vidgji
1. aug. 95 52 22 71 60
10. aug. 84 64 52 84 71
20. aug. 87 85 59 93 81
1. sept. 84 93 42 73 73
10. sept. 85 88 9 4 47
RS /LSD g5 8.4 136 18.8 12.4 x

Cetru gadu (2007./2008. — 2010./2011.) pétijuma rezultati rada, ka AAR
lietoSana rudens perioda butiski (p > 0.05) neuzlaboja rapsa ziemcietibu. Vidgji
visos izméginajuma gados no visam izs€jas normam AAR lieto$ana uzlaboja
ziemas rapSa ziemcietibu tikai Skirnei ‘Californium’ 1. augusta s€tajiem
s€jumiem. Ziemas laika boja gajuso augu skaita raditaji bija mazaki rapsim, kas
apstradats ar AAR un s€jumos ar lielaku augu biezibu augu biezibu; izn€mums
bija $kirnei ‘Californium’ ar izsgjas normu 80 digtspgjigas séklas uz 1 m’.
Noverota tendence, ka AAR lietosanas rezultata skirnei ‘Excalibur’ boja gajuso
augu skaits bija lielaks laucinos ar mazakam izs€jas normam — 60, 40 vai
20 digtspéjigas seklas uz 1 m%

Ziemcietiba, balles. Ziemcietibas veértéjums bija atskirigs atkariba no
gada. Kopuma augsti ziemcietibas raditaji tika iegati 2007./2008. un
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2008./2009. gada (zemakais vert§jums — 7 balles). S&jas termin$ butiski
(p < 0.05) ietekmgja ziemcietibu 2008./2009., 2009./2010. un 2010./2011. gada.
Pec labveligas ziemas 2007./2008. gada abam skirn@m atSkiriba ziemcietibas
ballés nebija noverota, kaut ari, vert€jot procentos, skirnei ‘Californium’
ziemcietiba bija biitiski (p < 0.05) atSkiriga atkariba no s€jas termina. RapSa
ziemcietiba 2007./2008. un 2008./2009. gada tika novertéta vertéti ar 8 un
9 balleém, ko var uzskatit par loti labu s€jumu stavokli ar normalu biezibu un
veseliem augiem. Turpretim ziemcietibas vert€jums péc izdzivojuso augu skaita
nebija tik viennozimigi labs. Vissliktakie ziemcietibas veértejumi bija péc
2009./2010. gada ziemas, kad vidgji augstakais ziemcietibas vertejums skirnei
‘Californium’ bija rapsim, kas séts 10. augusta — 5.7 balles, kas sakrit arT ar
ziemcietibas veért§jumu péc izdzivojuso augu skaita (5. tab.). Al Skirnei
‘Excalibur’ vidgji augstakais ziemcietibas vértejums ballés — 5.1 balle (5.tab.).
Rapsis, kas tika séts 10. Septembri, 2009./2010. gada tika novertets vidgji ar
ziemcietibu 1.0 balles — Skirnei ‘Californium’ un 1.2 balles — Skirnei
‘Excalibur’, kas nozimé to, ka augi pilnigi gajusi boja, kas bija tuvu
ziemcietibas vert€jumam péc izdzivojuso augu skaita, bet s€juma bija palikusi
vairaki augi, kuri deva s€klu razu (5. tab.). Nedaudz augstaki vidgjie
ziemcietibas vertSjumi ballés tika ieghti 2010./2011. gada. Tapat ka
2009./2010. gada, ziemcietibas veértgjumi ball€s bija lidzigi ka ziemcietibas
raditaji peéc izdzivojuSo augu skaita: Skirnei ‘Californium’ augstakais
ziemcietibas veérté§jums ballés 10. augusta s€tam rapsim bija 7.0 balles un
Skirnei ‘Excalibur’ 20. augusta sétam rapsim — 6.9 balles. Jaatzimé gan, ka
2010./2011. gada 10. septembri sétais abu p&tamo $kirnu rapsis neparziemoja.

Izs€jas norma $kirnei ‘Californium’ batiski (p < 0.05) ziemcietibu balles
ietekmé&ja trijos no Cetriem izmggindgjuma gadiem — izs€as normai nebija
batiskas (p > 0.05) ietekmes 2010./2011. gada, kad vért&jums bija vienas balles
robezas. Skirnei ‘Excalibur’ izs&jas normai nebija bitiskas ietekmes uz
ziemcietibu ballés 2007./2008. un 2008./2009. gada, kad vertgjums bija robezas
no 8 1idz 9 ballem.

AAR lietosana butiski (p < 0.05) ietekm&ja — palielinaja ziemcietibas
vertejumu balleés 2009./2010. gada skirnei ‘Excalibur’, 2010./2011. gada —
abam pétamajam S$kirném. AAR lietoSana ziemcietibu ballés mingtajos
gadijumos palielinagja robezas no 0.6 ballém Skirnei ‘Californium’
2010./2011. gada Iidz 1.0 ballei Skirnei ‘Excalibur’ 2009./2010. gada vairak
neka par 1 balli. 2007./2008. un 2008./2009. gada netika novérota tendence, ka
AAR lietoSana palielinatu ziemcietibu ballgs.

Ziemcietibas vertg§jumu rezultatus péc abam ziemcietibas vertéSanas
metodém bija iespgja salidzinat, un izveértet to savstarpgjas sakaribas.
2007./2008. gada ziemcietiba tika novertéta tikai ar 8§ un 9 ballém, lidz ar to
netika novérota sakariba starp ziemcietibu ballés un ziemcietibu péc
izdzivojuSos augu skaita. Turpmakajos pétljuma gados, kad ziemcietibas
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vertgjumi ballés bija atSkirigaki, tad tika noverotas butiskas (p < 0.05,
2009/2010. g. un 2010./2011. g.; p < 0.01, 2008./2009. g.) sakaribas starp
ziemcietibu ball€s un ziemcietibu p&c izdzivojuso augu skaita.

Ziemas rapSa augu bieziba raZas novakSanas laika. Rezultati radjja,
ka augu bieziba pirms razas novaksSanas bija atskiriga atkariba no s€jas termina.
Noverota tendence, ka vidgja augu bieziba vairak samazinajas agrakajos un
velakajos s€jas terminos s€tajam rapsim. Visos izméginajuma gados s¢jas
termina un izs§jas normas ietekme uz augu biezibu vegetacijas beigas abam
pétamajam Skirném bija bitiska — 95% ticamibas Itmeni (p < 0.05). Vidgja
(2007./2008. — 2010./2011. g.) augu bieziba vegetacijas beigas bija ievérojami
mazaka s€jumos, kas s€ti 1. augustd, ja salidzina tos ar 10. un 20. augusta
s€tajiem. Vidgji Cetros pétijuma gados lielaka bieziba vegetacijas beigas bija
Skirnei ‘Californium’, kas s€ta 10. augusta. Noveéroja tikai vienu izn€mumu, Kur
lielaka bieziba bija 20. augusta s€tam rapsim ar izs€jas normu 80 digtsp€jigas
seklas uz m’. Vidgji lielaka augu bieziba 3kirnei ‘Excalibur’ bija, s&jot rapsi
20. augusta, iznpémums — sot 1. augusta un lietojot izs€jas normu
20 digtspgjigas seklas uz 1 m? (2. att.).

70 64
60 - m 1. aug. m10. aug. 20. aug.
53 50
50 45
3735

[EEN
o

S&juma bieziba, augi uz m?/
Plant density, plants per m2
w
o

o

80 60 40 20

Izs€jas norma, digtsp. seklas uz m?/ sowing rate,
germinable seeds m2

2.att. Sejas termina un izs€jas normas ietekme uz augu biezibu vegetacijas beigas
$kirnei ‘Excalibur’, MPS “Vecauce” 2007./2008. — 2010./2011. g.
(30 augi uz m? ar melnu Iiniju)/
Sowing date and sowing rate effect on plant density at the end of vegetation for variety
‘Excalibur’, RSF Vecauce 2007/2008 — 2010/2011
(30 plants per m? with black line)

Cetru gadu izméginjuma rezultati liecina, ka, vért§jot augu biezibu,
s€jas termins 10. septembri ir nepieméerots, lai nodrosinatu s€juma piectickamu
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augu biezibu (péc 2010./2011. gada ziemas abas pétamas Skirnes, sctas
10. septembri, neparziemoja). Visa rap$a augSanas perioda biezakos s&jumos
augu skaits samazinajas vairak neka retakos s€jumos. Pietiekamu augu skaitu
razas veidoSanai vegetacijas laika nodro$indja izs€jas norma sakot ar 60
digtspgjigam seklam uz 1 m?,

Rapsa razas struktiirelementi - augu individualas produktivitates raditaji

Pakstenu skaits augam. Pakstenu skaitu augam butiski (p < 0.05)
ietekm&ja s€jas termin$ un izs€jas norma ka sakotngjais augu biezibu
ietekm€joss faktors abam p&tamajam Skirném 2007./2008. un 2008./2009. gada.
Novérota tendence, ka pakstenu skaits augam palielinajas, samazinoties augu
biezibai. 2009./2010. gada ziema bija nelabveliga rapsa ziemosSanai. Laucinos,
kurus apsg€ja 2009./2010. gada 1. septembri ar izs€jas normu 120 digtsp&jigas
seklas uz 1 m% uzskaites vietas (0.5 m?) paraugkili bija tikai viens vai divi
augi, vienam augam bija 1740 — 2985 paksteni.

Séklu skaits paksteni. Seklu skaits pakstent Skirnei ‘Californium’ bija
robezas no 23 seklam 1. augusta sétam rapsim 2008./2009. gada lidz 17 seklam
10. septembri s&tam rapsim 2007./2008. gada. Gan 2007./2008., gan
2008./2009. gada rezultati radija, ka mazakais s€klu skaits paksteni bija
visvélak (10. septembri) s€tajam rapsim. S&klu skaitu paksteni batiski
ietekm@ja s€jas termins: 17 — 23 s€klas paksteni skirnei ‘Californium’, 16 — 21
s€kla paksteni skirnei ‘Excalibur’. 1zs€jas norma butiski ietekméja séklu skaitu
paksteni Skirnei ‘Californium’ 2007./2008. un 2008./2009. gada, bet Skirnei
‘Excalibur’ — tikai 2007./2008. gada.

Auga produktivitate. Viena auga produktivitati (g) abam petamajam
Skirném 2007./2008. un 2008./2009. gada butiski (p < 0.05) ietekméja sgjas
terminS un izs€jas norma (augu bieziba). Atzim&ta sakariba, ka lielaka
produktivitate ir augiem sg€jumos ar mazaku augu biezibu. Vidgji (no visiem
s€jas terminiem) skirnei ‘Californium’ auga produktivitate bija augstaka
sejumos ar izsgjas normu 80 un 60 digtspéjigas séklas uz 1 m? skirnei
‘Excalibur’ attiecigi 40 un 20 digtsp&jigas seklas uz 1 m%

Seklu skaits augam. S&klu skaitu augam abam Skirném Dbitiski
(p < 0.05) ietekm&ja gan s€jas termins, gan izs€jas norma. Seklu skaits augam
Skirnei ’Californium’ vari€ja robezas no 766 seklam, ja rapsi s§ja 1. septembr1
ar izs&jas normu 120 séklas uz 1 m? lidz 9975 sgklam, to sgjot 1. augusta ar
izs&jas normu 60 séklas uz 1 m? 2008./2009. gada. Skirnei ‘Excalibur’ seklu
skaits augam varigja robezas no 1012 seklam rapsi s€jot 1. septembri
2008./2009. gada ar izsgjas normu 80 digtspjigas seklas uz 1 m? lidz 8949
seéklam 20. augusta s€tam rapsim 2007./2008. gada ar izs€jas normu
20 digtspéjigas seklas uz 1 m%
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1000 séklu masa (TSM). Abam pétamajam skirnem TSM bitiski
(p <0.05) ietekmgja sgjas termins gan 2007./2008., gan 2008./2009. gada. TSM
bija atSkiriga atkariba no izmégindgjuma gada: abam S$kirném s€klas bija
smagakas 2008./2009. gada.
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Californium Excalibur

3.att. Linearas korelacijas koeficienti r,, starp auga biezibu (augu skaits 1 m?)
vegetacijas beigas (x) un individualu augu produktivitates raditajiem (y) $kirném
‘Californium’ un ‘Excalibur’, 2007./2008. — 2009./2010. g.

*— korelacija butiska p < 0.05/

Correlation coefficients ry, between plant density at harvest (x) and indicators of an
individual plant productivity for ‘Californium’ and ‘Excalibur’, 2007/2008 — 2009/2010,
* — correlation significant p < 0.05

Kaut arT razas kompensacijas mehanisms darbojas, par ko liecina
iegilitas sakaribas (3. att.), augu biezibai tomér bija vislielaka ietekme uz se€klu
razu abam $kirném. So apgalvojumu pieradija biitiska pozitiva korelacija starp
augu biezibu un s€klu razu.
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Séjas termina, izs€éjas normas un augu augSanas regulatora lietoSanas
ietekme uz seklu razu

Nogatavosanas. Visos izméginajuma gados rapsis nogatavojas julija
peédgja dekade. Vertgjot rapsa nogatavosanos, netika noverotas novakSanas
gatavibas iestasanas atSkiribas dienas atkariba no $kirnes un izs€jas normas, bet
at8kirtbas novéroja atkariba no s§jas termina, ka ari ar AAR apstradats rapsis
nogatavojas vienmerigak un agrak neka neapstradats.

Seklu raza. Cetru gadu izméginajuma rezultati radija, ka visi pétamie
faktori — sgjas termin§ (faktors A), izs€jas norma (faktors B), AAR lietoSana
rudent (faktors C) un ari katra gada augSanas apstakli — ziemas rap$a razu
ietekm@jusi butiski (6. tab.), tomér vislielaka ietekme bija s§jas terminam un
petijuma gada apstakliem. Izs€jas normas un AAR lietosanas ietekme, kaut art
butiska, bija ievérojami mazaka.

6.tabula/ Table 6
Pétito faktoru ietekme uz rapsa seéklu razu, MPS Vecauce
2007./2008. — 2010./2011. g./
Impact of investigated factors on oil-seed rape seed yield,
RSF Vecauce 2007/2008 — 2010/2011

Faktori/ Eactors Novirzu kvadratu summa / Sum of Squares
Californium Excalibur
S&jas termins / Sowing date (A) 491.9*%* 506.2**
Izs&jas norma / Sowing rate (B) 13.5** 53.0**
Augu apstrade ar AAR rudeni / PGR 22.2* 30.1%*
treatment (C)
Gads /Year 651.3** 412.8**

*_p =0.004; ** — p <0.001

Kopuma hibrida skirne ‘Excalibur’ bija razigaka neka IinijSkirne
‘Californium’ (7. tab.). Skirnei ‘Californium’ vislielaka seklu raza (4.93 t ha™)
tika iegiita, ja rapsi s&ja 10. augusta. ST raza bija biitiski (p < 0.05) lielaka neka
ta, ko ieguva, rapsi sgjot citos s§jas terminos. Vertgjot rapsa razu, kas iegiita,
sgjot dazados sgjas terminos, bitiskas razas atSkiribas noverotas starp visiem
s€jas variantiem. Rezultati rada, ka lmijskirne ‘Californium’ bija piemerotaka
s€jai agraka termina (augusta pirma dekade) neka velaka termina (augusta otra
dekade), jo vid&ja seklu raza 1. augusta sétam rapsim bija augstaka, neka to
s§jot 20. augusta (7. tab.). Ievérojami zemakas razas tika iegtas, rapsi sgjot
pédgjos divos s&jas terminos — 1. septembri (2.92 t ha™) un 10. septembri
(1.59 t ha™). Hibridajai $kirnei ‘Excalibur’ vidgji vislielaka seklu raza tika
iegiita, rapsi sgjot tre$aja s€jas termina — 20. augusta (7. tab.). Petijuma $kirnei
‘Excalibur’ netika nov@rota biitiska (p < 0.05) atskiriba séklu raza starp
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20. augusta sétu rapsi (séklu raza 5.71 t ha™) un 10. augustd sétu rapsi
(5.54 t ha'). Vertgjot razu pargjos séjas terminos, netika novérota bitiska
(p < 0.05) atskiriba s€klu razai starp 1. augusta s€tu rapsi un 1. septembrT s€tu
rapsi. Bitiski (p < 0.05) mazako iegtto seklu razu 1. augusta s€tam rapsim,
salidzinot ar 10. un 20. augusta iegiitam razam. Abam Skirné€m seklu raza
10. septembrT s€tam rapsim bija ievérojami zemaka neka citos s€jas terminos.
2010./2011. gada 10. septembrT séts ziemas rapsis vispar neparziemoja (7. tab.)
un raza netika iegiita.

Izmg&ginajuma abam pétamajam S$kirném vislielaka vidgja seklu
raza tika ieglita, izmantojot lielakas izs€jas normas: Skirnei ‘Californium’
attiecigi ar izsgjas normu 120 digtspejigas seklas uz 1 m? ieguva 3.83 t ha™
(7. tab.). Linijskirnei ‘Californium’ s€klu raza, kas ieglita, sgjot
80 digtspéjigas séklas uz 1 m? biitiski neatikiras no razas, kas iegiita, sgjot
100 digtspéjigas seklas uz 1 m? Razu atikiriba starp rapsi, kas séts ar izsgjas
normu 120 digtspéjigas séklas uz 1 m? un rapsi, kas séts ar izs&jas normu
80 digtspgjigas seklas uz 1 m® bija 0.230 t ha’ (razas atskiriba butiska,
p <0.05).

7.tabula/ Table 7
Vidéja ziemas rapsa séklu raZza atkariba no s€jas termina un izs€jas normas abam
pétamajam Skirném, 2007./2008. — 2010./2011. g., t ha/
Average oilseed rape seed yield depending to sowing date and sowing density for both
investigated varieties, 2007/2008 — 2010/2011, t ha™

. Californium
1zs€jas norma / —
Sowing density Videji
1.aug. | 10.aug. | 20.aug. | 1. sept. 10. sept. | /Average
120 4.72 5.23 4.56 3.04 1.62 3.83b
100 4.47 4.97 4.47 3.03 1.73 3.73bc
80 4.56 4.81 411 2.97 1.56 3.60ac
60 441 4.71 4.02 2.64 1.47 3.45ac
. Excalibur
[zs€jas norma / =
Sowing density Videji
1.aug. | 10.aug. | 20.aug. | 1.sept. 10. sept. | /Average
80 4.81 5.70 6.13 4.94 2.62 4.84c
60 4.55 5.52 5.79 4.69 2.69 4.65bc
40 451 5.75 5.54 4.28 2.17 4.45b
20 3.93 5.20 5.39 3.27 1.69 3.90a
Vldé_]l /Average 4.45a 5.54b 5.71c 4.29a 2.29d X

(p < 0.05; a, b, ¢, d — ar dazadiem alfabéta burtiem apzimétas vidéjas razas
batiski atSkiras)/(p < 0.05; a, b, ¢ — letters represent significant differences)
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Skirnei ‘Excalibur’, kad rap$a séklu raza nebija butiskas (p < 0.05)
atikiribas, lietojot vislielako izséjas normu — 80 digtspgjigas seklas uz 1 m® un
izs&jas normu 60 digtspéjigas séklas uz 1 m? (7. tab.). Netika novérotas bitiskas
(p > 0.05) atskiribas arT rapsa s€klu razai starp izs€jas normu 60 un
40 digtspgjigas seklas uz 1 m%

Prakse ziemas rap$a audzéSana agrakos s€jas terminos (augusta pirma,
otra dekade) tiek lietota mazaka izs€jas norma neka vélakos sgjas terminos
(augusta pedgja dekade) (autora novérojums), ko arT apstiprina $1 p&tijuma razas
rezultati. Skirnei ‘Californium’ izséjas normai nebija bitiskas (p > 0.05)
ietekmes uz s€klu razu agrakajos s€jas terminos (8. tab.) un tas ir skaidrojams
ar to, ka arl mazakas izs€jas normas nodroSindja pietickamu augu skaitu
(vismaz 30 augi) razas veidoSanai. Tadgjadi, nemot vera ari ziemas laika boja
gajuso augu skaitu, jasecina, ka piemérotaka izs€jas norma linijSkirnei
‘Californium’ ir 60 — 80 digtp&jigas séklas uz 1 m® Skirnei ‘Excalibur’ ari
agrakos s&jas terminos izséjas norma 20 digtp&jigas séklas uz 1 m? nav
piem@rota — 1. augusta un 20. augusta s€tam rapsim iegita biitiski mazaka seklu
raza (8. tab.).

8. tabula/ Table 8
Agrakajos s€jas terminos (1. — 20. augusts) séta rapsa séklu raza atkariba no izs€jas
normas (digtsp. séklas uz 1 mz) abam pétamajam Skirném bez AAR,
2007./2008. — 2010./2011. g., t ha'¥/
Sowing rate effect on seed yield sowing oil-seed rape in earlier dates (1% — 20" August)
for both varieties without PGR, 2007/2008 — 2010/2011, t ha™

Californium
Izs&jas norma/ Sowing rate 1. aug. 10. aug. 20. aug.
(p = 0.464) (p =0.077) (p =0.059)
120 4.72 5.23 4.56
100 4.47 4.97 4.47
80 4.56 4.81 4.11
60 4.41 4.71 4.02
Excalibur
Izs&jas norma/ Sowing rate 1. aug. 10. aug. 20. aug.
(p<0.01) (p=0.171) (p <0.05)
80 4.81b 5.70 6.13b
60 4.55b 5.52 5.79b
40 4.51b 5.75 5.54b
20 3.93a 5.20 5.3%

a, b —razas, kas apzimétas ar dazadiem alfab&ta burtiem kolonnas ir butiski atSkirigas /
a, b — letters represent significant differences on yield

S€jas termina — 20. augusts, kad Skirnei ‘Excalibur iegita vidgji liclaka
s€klu raza, izs€jas normai nebija butiskas ietekmes uz tas apjomu. Mingtaja

24




séjas termina izsGjas norma 20 digtspjigas séklas uz 1 m’ vidgji Cetros
izmégindgjuma gados nodro§inaja tikai 13 augus uz 1 m% bet, ta ki rapsim
izteikti labi darbojas razas kompensacijas mehanisms, arT §1 izs€jas norma deva
augstu séklu razu. Izséjas norma 40 digtspéjigas séklas uz 1 m? nodrosinaja
vismaz 30 augus uz 1 m?. Tas nozimé, ka kirnei piemérotakaja sgjas termina
(kad iegtta vislielaka seklu raza) var lietot mazakas izs€jas normas.

Cetru gadu izméginajuma rezultati paradija, ka ziemas rap3a seéklu razu
ietekm&ja — visbiezak paliclingja ari AAR lietoSana rudeni. AAR ietekme
at8kiras atkariba no rapsa s&jas laika (9. tab.).

9. tabula/ Table 9
Vidéja ziemas raps$a seéklu raza atkariba no AAR lietoSanas rudeni un séjas
termina, MPS Vecauce, t ha /
Average oil-seed rape seed yield depending on PGR* treatment and sowing date, RSF
Vecauce, t ha

Sai o Excalibur Californium
€jas termins bez AAR/ | ar AAR/PGR | bezAAR/ | ar AAR/PGR
Sowing date
control treatment control treatment

1. aug. 4.45 5.32 4.54 5.07

10. aug. 5.55 5.69 493 5.28

20. aug. 5.71 6.38 4.29 4.85
Vidgji /Average 5.24 5.80 4.59 5.07

Vislielakais razas pieaugums Skirnei ‘Excalibur’ 2009./2010. un
2010/2011. gada 1. augusta sétam rapsim, — attiecigi 1.95 t ha™ un 1.33 t ha™.
AAR lietosana dod iesp&jas hibridas Skirnes sét agrak, ierobezojot paraugsanas
risku, Iidz ar to rapsa s€jas laiks pagarinas.

Ar AAR apstradatajam rapsim vidgjie razas raditaji saglabaja tadas
pasas tendences ka ar AAR neapstradatam rapsim — tas ir, skirnei ‘Californium’
lielaka vidgja seklu raza iegiita arT 10. augusta s€juma un Skirnei ‘Excalibur’ —
attiecigi 20. augusta.

SECINAJUMI

1) Rapsa seklu diganu visvairak ietekmgja augsnes mitruma nodro$inajums,
sgjot to augusta sakuma, bet velos s€jas terminos (septembri)
nozimigakais aug$anu un attistibu ietekméjosais faktors bija temperatiira.

2) Rapsa s€jas terminam bija batiska (p < 0.05) ietekme uz visiem sgjas gada
rudeni noteiktajiem biometriskajiem raditajiem visos izméginajuma
gados. Izs€jas normai nebija biitiskas ietekmes uz rapsa augsanas punkta
augstumu virs augsnes virsmas un saknes garumu. Novérota tendence, ka,
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3)

4)

5)

6)

7)

8)

samazinoties izs€jas normai, palielinajas tadi biometriskie raditaji ka
saknes kakla diametrs, auga un saknes masa. AAR ietekme uz rap$a
biometriskajiem raditajiem p&tjjumu perioda bija mainiga.

Sausnas un cukuru saturu rap$a stumbra un sakné rudeni visvairak
(p < 0.05) ietekmé&ja s€jas termins, un abi raditaji bija lielaki, ja rapsi s€ja
agrakos terminos. Agrak s€tam rapsim neatkarigi no Skirnes ziemosSanas
laika abi raditaji ar1 samazinajas vairak, tatad lielaki augi ziemoS$anai
patérgja vairak uzkrato rezerves baribas vielu. Netika novérots, ka AAR
lietoSana samazinatu vai palielinatu sausnas saturu rapsa stumbra vai
sakne.

Ziemcietibu vért§jot divejadi — ball€s un procentos, atbilstosi izdzivojuso
augu skaitam, konstat€ja, ka vertejums ball€s bija lidzigs vertéjumam péc
izdzivojuso augu skaita. Trijos no Cetriem izmé&ginajuma gadiem tika
noverotas bitiskas sakaribas starp ziemcietibu ball€s un ziemcietibu péc
izdzivojuso augu skaita, Iidz ar to var secinat, abas vérté€Sanas metodes ir
pietickami objektivas un izmantojamas.

Visos izméginajuma gados labak ziemoja hibrida S$kirne ‘Excalibur’.
Ziemcietibas raditajus ievérojami ietekmé&ja izméginajuma gada apstakli,
divos no Cetriem pétijuma gadiem vispar neparziemoja 10. septembrT séta
Itijskirne ‘Californium’, kamér hibrida Skirne, ja to sgja 10. septembr,
neparziemoja viena no Cetriem gadiem. Vidgji vislabak ziemoja
20. augusta s€ts rapsis.

Augu biezibu razas novakSanas laika abam pétamajam Skirném butiski
(p < 0.05) bija ietekmgjis gan s€jas termins, gan izs€jas norma. Augu
bieziba visa rapsa augsSanas laika visvairak samazinajas augusta sakuma
un septembri sétam rapsim. Kopuma augSanas perioda biezakos s&jumos
augu skaits samazinajas vairak neka retakos s€jumos. Pietickamu augu
skaitu razas veidoSanai vegetacijas laika nodroSindja izs€jas norma, ka
bija ne mazaka par 60 digtsp&jigam séklam uz 1 m%

Razas struktiirelementu ,,augu skaits uz 1 m®” batiski ietekmeja — izsgjas
norma, bet arT ziemoSanas apstakli bija nozimigs faktors. S€jas termins art
batiski ietekm&ja augu skaitu uz 1 m? vairak augu gaja boja, rapsi sgjot
visagrakajos un visvélakajos s€jas terminos. Savukart individualu augu
produktivitates raditaji pieauga, samazinoties augu skaitam uz 1 m?, un tos
ietekmgja ar1 s€jas termins. Korelacijas analize pieradija, ka raza butiski ir
atkariga no augu skaita uz 1 m’ bet samazinitu augu skaitu var
kompenset strukttrelementi, kas raksturo individualu augu produktivitati.
Rapsa nogatavoSanas iestajas atSkirigos laikos atkariba no s€jas termina
un konstatets, ka vélakos sgjas terminos s€tais rapsis nogatavojas velak un
ar AAR apstradats rapsis nogatavojas vienmérigak un agrak neka
neapstradats. Turklat AAR lietoSana rudenT palielingja vidgjo seklu razu

26



9

10)

11)

visos izméginajumu s&jas terminos (vairakuma gadijumu — augusta) abam
petamajam Skirném.

Visi pétitie faktori — s€jas termins, izs€jas norma, AAR lietoSana rudeni
un ari izmE&ginajuma gada augSanas apstakli — ziemas rapSa razu
ietekmg@jusi bitiski. Kopuma hibrida skirne ‘Excalibur’ bija razigaka neka
Imijskirne ‘Californium’.

Augstaka raza ImijSkirnei ‘Californium’ iegiita, rapsi s€jot agrakos
terminos salidzinajuma ar hibrido Skirni ‘Excalibur’. Par piemérotako
s€jas laiku IinijSkirnei atzistama augusta pirma dekade, it Tpasi tas beigu
dala, bet hibridajai $kirnei — augusta otra dekade, ipasi tas beigu dala.

Lai ari abam pé&tamam Skirném vislielaka vidgja seklu raza iegita,
izmantojot liclakas pétitas izs€jas normas (linij$kirnei 120 digtsp€jigas
seklas uz 1 m? bet hibridajai Skirnei 80 digtsp&jigas séklas uz 1 m?),
tomer, vertejot gan razu atSkiribu butiskumu, ja lietoja zemakas izs€jas
normas, gan to, ka, izmantojot liclakas izs€jas normas, ziemoSanas
perioda boja gaja vairak augu, secinats, ka piemérotaka izs€jas norma no
pétitajam linij$kirnei ir 80 digtsp&jigas séklas uz 1 m% bet hibridajai
skirnei — 60 digtspéjigas seklas uz 1 m®. Agrakos sgjas terminos izsgjas
normu var samazinat — linijikirnei Iidz 60 digtsp&jigam séklam uz 1 m? un
hibridajai 8kirnei lidz 40 digtsp&jigam seklam uz 1 m®.
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INTRODUCTION

Winter oilseed rape (Brassica napus L.) is a relatively new crop in
agriculture of Latvia. Establishment of agriculture cooperatives ever since the
beginning of this century has played a great role in economically justified
cultivation of rapeseed oil in Latvia. Solid demand for oilseed rape in biofuel
industry has also positively affected the increase of this crop cultivation.
Approximately 85% of the total production of rape seed is being obtained from
winter oilseed rape.

Oilseed rape has an important role in crop rotation, and an increase in
growth area of winter oilseed rape is to be expected, especially since the use of
three pesticides belonging to the neonicotinoid family as a seed dressing was
banned across the European Union as from 1 December 2013, which caused a
major decrease in growth areas of spring oilseed rape.

Geographically Latvia is located in a favourable zone for growing
oilseed rape but there are several risks affecting the cultivation. Main concerns
include overwintering and the lack of research concerning different
agrotechnical elements and their effect on growth and development of winter
oilseed rape, especially in autumn. Main agrotechnical elements are variety,
sowing date, sowing rate and application of plant growth regulators.

In order to achieve high seed yield of winter oilseed rape in Latvia, yield
components and affecting factors need to be examined.

Soil moisture condition and air temperature are main ecological factors
influencing growth and development of winter oilseed rape, particularly during
autumn. The investigations are necessary in Latvia to identify and research
factors affecting the formation of yield. These factors have been researched in
detail in this paper.

Detailed investigations of growth and development of winter oilseed
rape plants in specific climate zones are crucial. Throughout the last decades
there has been a notable lack of research on growth and development in the
climate conditions which are prevalent in Latvia. Winter conditions in the last
decade have been too harsh for a successful wintering of oilseed rape, and the
damage inflicted by winter on oilseed rape has been a widespread occurrence in
Latvia.

It is evident that development of plants in autumn and overwintering of
winter oilseed rape in Latvia are the key factors for successful growing of this
crop, given the fact that Latvia is located on the borderline between zones
which in terms of climate conditions are either advantageous or risky for
successful growing of this crop, and various regions of Latvia are not uniformly
suitable for production of winter oilseed rape.

Well-developed root collar diameter, low height of growth point above
soil and sufficient number of leaves have great influence on overwintering of
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oilseed rape. Periodical fluctuations in negative and positive temperatures
during snowless winter and early spring, ice crust that is formed from melting
snow, as well as thickness of frozen soil, which controls water removal from
the soil, have negative influence on the wintering of crops, including oilseed
rape. Capacity of a plant to endure unfavourable conditions during winter is
determined by biometrical condition and chemical indicators of the plant before
winter. Sowing date and rate of winter oilseed rape are crucial elements with
respect to overwintering of the crops because they are influencing the expected
result, namely, the seed yield. Application of plant growth regulators is one of
the possible rectifications in case of the plant overgrowing caused by an
erroneously chosen sowing date and rate. Chemical composition of winter
oilseed rape before winter, as well of winter wheat, is important for successful
overwintering. Chemical composition of winter oilseed rape and its relation to
plant wintering has not been investigated in Latvia. Yield formation and
especially yield components are affected by growing practice, chosen variety
and varied meteorological conditions.

Prognoses suggest that an increase in oilseed rape seed production and
production efficiency of seeds is inevitable. But those targets can only be met if
more specific research is carried out with respect to the previously mentioned
agroecological elements.

Hypothesis statement: formation of yield of winter oilseed rape is affected by
the chosen variety of oilseed rape, as well as by different agrotechnical
elements applied in sowing year.

Objective of the paper: to investigate the impact of the application of
agrotechnical elements on the growth and development of winter oilseed rape,
as observed on two different varieties of winter oilseed rape.

Terms of reference

1) To determine the effect of sowing date, sowing rate and application of
plant growth regulator on the growth and development of winter
oilseed rape in autumn.

2) To evaluate the factors influencing overwintering and its results by
means of twofold assessment methods.

3) To explain the impact of investigated factors on further growth and
development of winter oilseed rape, as well as on yield and formation
of its components.

4) To determine suitable sowing date and sowing rate on the basis of the
investigated factors and their effect on growth and development of
winter oilseed rape.
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Scientific novelty of the paper

1) Biometric indicators of oilseed rape in autumn have been observed
and influencing factors have been evaluated.

2) For the first time the contents of sugars in roots and stems of winter
oilseed rape have been determined in the end of vegetative period in
autumn and after wintering.

3) Most suitable sowing date and rate for attaining highest average seed
yield for line variety and hybrid variety has been determined.

Theses to be defended

4) Advantageous sowing dates differ between line varieties and hybrid
varieties because an advantageous outcome is dependent on presence
of ecological factors, yet in any case the sowing must be completed in
August.

5) Application of sowing rates which exceed 60 — 80 germinable seeds
per m? is not advantageous because the smaller number of plants is
counterbalanced by the productivity of individual plants.

6) Application of plant growth regulator in autumn has a manifold effect
on the growth and development of plants.

Findings of the research have been elaborated upon in 8 scientific
publications drawn up in English and Latvian, including reviewed scientific
papers published in the Proceedings of international conferences, congresses
and scientific seminars. Four oral and three poster presentations on the
scientific research findings have been given in international conferences,
congresses and scientific seminars.

CONDITIONS AND METHODS OF RESEARCH

Methodology for setting up the field trials

The field trials were set up and carried out in the Research and Study
Farm ,,Vecauce” of the Latvia University of Agriculture from 2007/2008 until
2010/2011. In each year a three-factor trial was set up, covering two varieties of
winter oilseed rape (Dekalb cultivars bred by Monsanto), namely,
‘Californium’ (line) and ‘Excalibur’ (hybrid).

Factor A — five sowing dates (Al- 1 August; A2 - 10 August;
A3 — 20 August; A4 — 1 September; A5 — 10 September). Factor B — sowing
rate (B1— 120, B2 — 100, B3 — 80, B4 — 60 germinable seeds per m? for the
‘Californium’ (line); B1 — 80, B2 — 60, B3 — 40, B4 — 20 germinable seeds per
m? for the ‘Excalibur’ (hybrid)). Factor C — use of fungicide and plant growth
regulator (PGR), as divided by twofold distinction (C1 — for control purposes,
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C2 — with application of PGR). The trial involved use of PGR Juventus 90 s.c.
(metconazole, 90 g L™) produced by BASF SE which was applied on oilseed
rape in dose of 0.5 L ha™ at the 4 — 6 leaves stages (GS 13 — 23) in autumn of
the sowing year. PGR was applied on oilseed rape sown on 1, 10 and
20 August, whereas it was not applied on oilseed rape sown on 1 September
(A4) and 10 September (A5) because oilseed rape attained its relevant GS in
late October or did not attain them at all.

The trial was set up in sod-stagnogley loam soil (in accordance with
Taxonomy of Latvia soils, 2009); the soils in question included Endocalcaric
Cambic Stagnic Phaeozem in 2007/2008 and 2008/2009, Endocalcaric Stagnic
Cambisol in 2009/2010 and Calcaric Luvic Endostagnic Phaeozem (Anthric) in
2010/2011 (in accordance with World Reference Base for Soil Resources,
2014). Agrochemical indicators: organic matter — on average 18 — 38 g per kg™
of soil (in accordance with the Tyurin method), soil exchange reaction
pH KCI — 6.6 — 7.4, P,Osavailable for plants — 210 — 444 mg per kg,
K,0 available for plants — 111 — 234 mg kg™ of soil (in accordance with the
Egner-Riehm method).

Cereal mixture for silage was used as a pre-crop throughout all years.
Rototilling was immediately followed by sowing, which was performed by plot
seeder ,,HEGE — 80” having a 1 m width. The following complex mineral
fertilizer before sowing was applied: N — 28 kg per ha™, P,Os — 68 kg per ha™
and K,0 — 124 kg per ha™ in 2007; N — 18 kg per ha™, P,Os — 78 kg per ha™
and K,0 — 120 kg ha™ in 2008, 2009 and 2010. Throughout all the trial years
the first top-dressing in form of nitrogen fertilizer (N), namely, ammonium
nitrate (NH4NOs), was applied at the rate of 70 kg ha™’ when the vegetative
growth resumed. The second top-dressing in form of nitrogen fertilizer (N),
namely, ammonium sulphate ((NH,),SO,), was applied at the rate of 70 kg ha™
at the stage of well-developed rosette (GS 31-33), thus providing the winter
oilseed rape with complementary sulphur (S) at the rate of 80 kg ha™*. The total
dose of nitrogen was 158 — 168 kg N per ha™*. Throughout all the trial years a
herbicide, namely, Butisan Star s.c. (metazachlor, 333 g'L™"; quinmerac,
83g-L") was used at the rate of 25L ha’ immediately after sowing
(GS 00-09). The latter was omitted in autumns of 2007 and 2008 whereby no
herbicide was applied on oilseed rape sown on 1 and 10 August, whereas the
weeds were instead controlled in the beginning of vegetative growth in spring
by means of a herbicide Lontrel 300 s.c. (clopyralid, 300 g L™) at the rate of
0.5 L ha™. Throughout all the trial years the Sclerotinia stem rot (Sclerotinia
sclerotiorum) was controlled by applying fungicide Cantus d.g. (boscalid, 500 g
kg™) at the rate of 0.5 kg ha™ during the full flowering of oilseed rape (GS 65).
Pollen beetles (Melighetes aeneus) were controlled whenever it was needed.
The oilseed rape yield was harvested with a combine ,,HEGE — 140” by
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collecting the yield of each plot separately. The yield was converted into t ha™
on the basis of 100% purity and 8% moisture.

Observations and the performed analysis The following indicators
of oilseed rape were observed and determined in course of the trials — biometric
indicators in autumn, including variants with PGR treatment and control
(factors C and C1), end of vegetative growth in autumn, phenological
observations and field germination. In the end of vegetative growth in autumn
the contents of sugars in roots and stem of winter oilseed rape samples
originating from all five sowing dates were determined on the basis of an
average sample from each sowing date. The contents of sugars in the samples
were determined in Scientific Laboratory of Agronomic Analysis of the Latvia
University of Agriculture by means of Luff-Schoorl method (LVS 252:2000).
The method is based on determination of reducing sugars expressed as inverted
sugars or equivalent of glucose. As from the beginning of resumed vegetation
in spring, the following aspects of the resumed vegetative growth were assessed
— overwintering of winter oilseed rape was assessed in two ways — by
comparing the number of plants in autumn with the number of plants in spring
and expressing the outcome as percentage, and by grading the condition of
crops in accordance with a 9-grade scale in autumn and in spring.
commencement of phenological phases (GS 61, GS 65, GS69, GS 89),
harvesting dates, plant height, lodging resistance in accordance with a 9-grade
scale, plant density during harvest. After harvesting the seed yield was
weighted and also served as a source for collecting average samples for
determination of moisture and quality of the seeds. The moisture was
determined on the spot by means of a moisture meter ,,WILE 55 digital“. The
yield was converted on the basis of 100% purity and 8% moisture. The
following structural elements of the oilseed rape yield were determined in
growth stages 87 — 89 (in accordance with BBCH): plant density, number of
siliquae per plant calculated by dividing the counted number of siliquae in the
sample sheaf by the number of plants in the sample sheaf, as well as
productivity of a plant calculated by dividing total weight of seeds in the
sample sheaf by the number of plants in the sample sheaf. Number of seeds per
plant was calculated in accordance with formula (1) (Malinauskas, 2005):

S =1000x [PJ, 1)
M

where:

S — number of seeds per plant;
P — plant productivity, g;

M — weight of 1000 seeds, g.
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Number of seeds per siliqua was calculated in accordance with formula (2):

S
%) X

where:
a — number of seeds per siliqua;
S — number of seeds per plant;

A — number of siliquae per plant.

Quality analysis methods used. Quality analyses of oilseed rape
seeds were carried out in Grain and Seed Research laboratory of the Faculty of
Agriculture of the Latvia University of Agriculture. Weight of 1000 seeds was
determined in accordance with standard LVS EN 1SO 520:2011 ,,Cereals and
leguminous plants. Determination of the weight of 1000 seeds”.

Data processing. Processing of the data, namely, biometric indicators,
plant density and yield, as well as indicators of structural elements of the yield,
was carried out using MS Excel two- and three-factor analysis of variance with
data tool ANOVA, including verification of confidence level (p < 0.05).
Processing of the oilseed rape chemical indicators was carried out using
software package SPSS 22.0 in accordance with Descriptives statistics —
Univariate data processing method. For the purpose of analysis of correlation
between the indicators, regression and Pearson correlation (p < 0.05) was used.
For the purpose of calculation of correlation between the winter hardiness
(grades) and the plant density, Spearman’s rank correlation was used (software
package SPSS 22.0) in accordance with Correlate — Bivariate Correlations data
processing method.

Description of weather conditions during the vegetative period.

Throughout all the trial years the driest mid-August period occurred in
2007. Throughout all the trial years there were sufficiently humid conditions in
the end of August (third decade), and it facilitated favourable development of
oilseed rape. Regardless of varied precipitation levels in the beginning of
September, the humidity conditions were favourable for germination of oilseed
rape in that period throughout all the trial years. The driest October occurred in
2010 when total monthly precipitation indicator was lower than the long-term
indicators (norm), and in other years the total precipitation exceeded the norm.
The warmest October occurred in 2007 and 2008, and it had very favourable
effect on the development of oilseed rape, especially that of the latest sowing
dates. The warmest of winters throughout all the trial years was that of
2007/2008. Winter of 2010/2011 was the most unsuitable for overwintering of
oilseed rape. February 2011 was a crucial month for overwintering because
lasting frost present until 6 March 2011 replaced the warm weather of the first
decade of that February. The warmest beginning of April throughout the trial
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years occurred in 2008 and 2009. On the whole in months of April, the
moisture required for growth of winter oilseed rape was sufficient. The
subsequent summer months did not have considerable effect on growth and
development of the winter oilseed rape.

For the purpose of assessment of humidity conditions, hydrothermal
coefficient (HTC) (Chirkov, 1978) was determined. Hydrothermal coefficient
(HTC) was calculated in accordance with the formula (3):

N x10
HTK:Zigfg,, ®)
Zt>10
where:
N — sum of precipitation during the relevant period (10 days),
mm;
Y t.10 — sum of temperatures above 10 °C during the same period.

Growing degree days (GDD) were calculated in accordance with
formula (4):

GDD= w_ﬂadﬁze' (4)
where
Tmax — average maximum daily temperature;
Tmin — average minimum daily temperature;
Tuse — Dbase temperature (5 °C).

RESULTS

Growth and development of oilseed rape in autumn period

Duration of germination, as expressed in days, was dependent on date of
sowing and weather conditions in the research year. Throughout all the trial
years the most uniform germination of the oilseed rape occurred in 2007 when
the stage of cotyledons (GS 09) was complete within 8 to 10 days. The longest
duration of germination was recorded in the plots sown on 1 August of 2008
and 2009. In three of the four trial years, the oilseed rape sown on
10 September also attained the stage of cotyledons only after 15 — 17 days.
Throughout all the trial years the duration of germination did not vary across
the varieties examined in the trial.

Germination of oilseed rape was affected by levels of precipitation
present before sowing or shortly after sowing, given the high air temperature,
as a result of which the topsoil dried up quickly. The longest duration of
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germination of oilseed rape sown in August was recorded in presence of
insufficient humidity or even very dry conditions (HTK < 1.0). Periods of
germination of oilseed rape sown in 1 August of 2008 and 2009 were very long
because of dry weather before sowing and also after sowing. Although the air
temperature in September was not as high as in the beginning of August, dry
weather conditions (HTK < 1.0) were observed in the beginning of September
of 2008 and 2009, along with long duration of germination (14-15 days). On
the contrary, germination period of oilseed rape sown on 10 September 2010
was the longest one, despite absence of dry weather or markedly low air
temperature. Significance of precipitation diminished in September because air
temperature lowered and topsoil did not dry up as quickly.

Results of the four trial years confirm that the highest number of GDD
(567) was accumulated by the oilseed rape sown on 1 August 2007, and the
lowest (38) — by the oilseed rape sown on 10 September 2010 (Table 1).

Biometric indicators. Biometric indicators of plants were affected by
sowing date, sowing rate, application of PGR and variety. Oilseed rape sowing
dates had a significant (p < 0.05) effect on all biometric indicators.

Plant weight. Average plant weight throughout all the trial years varied
from 90.4 g, which was attained from the *Excalibur’ sown on 1 August 2008,
to 0.6 g, which was attained from the ‘Californium’ sown on 10 September
2009 (Table 2). The highest average plant weight was attained from oilseed
rape sown on 1 August.

Correlation between GDD and plant weight accounts for the effects of
sowing date on plant weight. This correlation was more marked in case of the
‘Excalibur’ whereby the correlation was exemplified by coefficient of
determination R*=0.88, and in case of the ‘Californium’ this correlation was
exemplified by coefficient of determination R*=0.79.

A significant (p < 0.05) effect of sowing rates on plant weight was
observed only in 2009 and 2010 on the ‘Californium’ and in 2007, 2009 and
2010 on the ‘Excalibur’. Throughout all the trial years it was observed that a
decrease of plant density correlated with an increase of plant weight, yet the
oilseed rape of ‘Californium’ variety returned the highest (on average from all
sowing dates) plant weight when the sowing rate was 100 seeds per m?.

Use of plant growth regulator (PGR) significantly (p < 0.05) reduced the
plant weight only in case of ‘Excalibur’ in 2007. The tendency observed
throughout all the trial years was that the application of PGR reduced the plant
weight before overwintering.

Number of leaves. Average number of leaves per plant varied from
10.2 leaves, as observed on the ‘Excalibur’ sown on 1 August 2008, to 3.4
leaves, as observed on the ‘Californium’ sown on 10 September 2010. On
average across all the sowing dates, plants of the hybrid ‘Excalibur’ developed
more leaves than those of the line ‘Californium’. Effect of the accumulated
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GDD or also of the sowing date on the number of leaves is exemplified by a
substantial and strong correlation between GDD and number of leaves in the
end of vegetative growth, as found in all the trial years and on both varieties
(‘Californium’: y = 0.006x + 4.057; r = 0.828 > rq 5 = 0.444; n = 20; and the
‘Excalibur’: y = 0.009x + 4.600; r = 0.851 > rg o5 = 0.444; n = 20).

A substantial effect of sowing rates on number of leaves was observed
in 2009 and 2010 on the ‘Californium’ and in 2007, 2009 and 2010 on the
‘Excalibur’. The highest number of leaves was observed on oilseed rape grown
in plots of the lowest sowing rates, namely, 60 germinable seeds per m? in case
of the “Californium’ and 20 germinable seeds per m? in case of the ‘Excalibur’.

Application of PGR led to an increased number of leaves in almost all of
the trial years. Significant effect on number of leaves was absent in case of the
‘Californium’ variety in 2009 and 2010 and in case of the ‘Excalibur’ variety in
2010.

Root collar diameter. Similarly to the number of leaves, the root collar
diameter was significantly (p < 0.05) affected by sowing date throughout all the
trial years. Significant differences between root collar diameters were absent in
case of plants of the ‘Californium’ sown on 1 and 10 August of 2008. Similarly
to the ‘Californium’, significant differences between root collar diameters were
absent in case of oilseed rape of the ‘Excalibur’ sown on 1 and 10 August of
2008, 2009 and 2010. Throughout all the trial years the root collar diameters of
plants of the two later sowing dates did not exceed 5 mm, and, in accordance
with findings of Lithuanian researcher Velicka (2006), it poses risk to
overwintering of the oilseed rape. Throughout all the trial years, root collar
diameters of the hybrid ‘Excalibur’ exceeded those of the line variety
‘Californium’. Effect of the sowing date on the root collar diameter is
exemplified by a substantial and strong correlation between GDD and root
collar diameter, as found in all the trial years and on both varieties, namely, the
‘Californium’ (y = 0.0105 + 0.5478x; r = 0.941 > ry o5 = 0.444; n = 20) and the
‘Excalibur’ (y = 0.0201 + 0.7705x; r = 0.964 > rq o5 = 0.444; n = 20).

A significant (p < 0.05) effect of sowing rates on root collar diameter
was observed only in autumns of 2009 and 2010 on both varieties examined.
Throughout all the trial years the following pattern was observed — a decreased
sowing rate resulted in an increase of root collar diameter.

Application of (PGR) significantly (p < 0.05) affected the root collar
diameter only in case of the ‘Excalibur’ in 2007 and 2010. Analysis of the
effect of PGR throughout all the sowing dates did not confirm a pattern of
reduction or increase in the root collar diameters caused by the PGR.

Height of growth point above soil. Height of growth point varied
across years, and the highest values of this parameter were observed in autumns
of 2007 and 2010 (Table 3).
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A marked correlation between the GDD and the height of growth point
was observed on both varieties— in case of the ‘Californium’ it was
exemplified by coefficient of determination R?*=0.79, and in case of the
‘Excalibur’ it was characterised by coefficient of determination R?=0.78
(p < 0.05).

Throughout all the trial years no significant effect of the sowing rate on
the height of growth point above soil was found on either of the both varieties
examined.

Application of PGR affected the height of growth point above soil,
except that of the ‘Californium’ in 2008. Application of PGR did not have
substantial effect only on the ‘Californium’ in 2008 and on the ‘Excalibur’ in
2010.

Root weight. Root weight decreased if rape was sown in the later
sowing dates. The ‘Excalibur’ developed the highest average root weight. The
most marked correlation between the GDD and the root weight was observed
on the ‘Excalibur’ whereby the correlation is exemplified by coefficient of
determination R?=0.91, and in case of the ‘Californium’ this correlation is
exemplified by coefficient of determination R?=0.78 (p < 0.05).

A significant (p < 0.05) effect of sowing rates on root weight was
observed in autumns of 2009 and 2010 on the ‘Californium’ and in autumns of
2007, 2009 and 2010 on the ‘Excalibur’. The following pattern was observed
throughout all the trial years in which the sowing rates had substantial effect on
the root weight — a decreased sowing rate resulted in an increase of root weight.

Throughout all the trial years the application of PGR had no significant
effect (p > 0.05) on the root weight.

Root length. The following pattern was observed — later sowing dates
resulted in a decrease of root lengths.

Throughout all the trial years no substantial (p > 0.05) effect of the
sowing rate on the root lengths was found on either of the varieties examined.
Furthermore, there was no pattern of varied sowing rates resulting in different
root lengths.

As regards oilseed rape treated with PGR, a significantly (p < 0.05)
increased root length was observed only on the ‘Excalibur’ in 2008 and 2009,
and, as calculated on average across all the sowing dates, root length of the
plants treated with PGR exceeded root length of the untreated plants.

Chemical composition of oilseed rape in autumn period

The contents of sugars accumulated in autumn period, during winter and
after overwintering is an important indicator for the winter oilseed rape.
Oilseed rape accumulates certain amount of sugars when air and soil
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temperatures decrease in autumn period, and the plant subsequently consumes
the sugars in order to endure the overwintering period.

Sowing date (factor A) had a significant (confidence level of 95%)
effect on contents of sugars and dry matter in stem and roots, as found in
autumn on both varieties examined. In spring, effect of the sowing date on the
contents of sugars was absent only in case of the ‘Excalibur’. In autumn,
correlation between the accumulated GDD and the contents of sugars both in
stem and roots, which was moderately strong in all cases. The correlation
between the GDD and the contents of sugars in stems is exemplified by
coefficient of determination, namely, R? = 0.48 in case of the ‘Californium’ and
R?=0.32 in case of the ‘Excalibur’. Correlation between the accumulated GDD
and the contents of sugars in roots in case of the ‘Excalibur’ was significant
(r = 0.482 > rogs = 0.466, n = 15). Sowing rate (factor B) did not have a
significant (p > 0.05) effect on contents of sugars in stem and roots. As weather
conditions in autumn and winter of each trial year were different, the weather
conditions of the trial years had a significant (p < 0.05) effect on contents of
sugars and dry matter in stem and roots of the both varieties examined, as
determined in autumns and springs.

As determined in autumn periods of sowing years, oilseed rape sown in
late dates (10 September) had accumulated considerably lesser contents of
sugars. The highest contents of sugars were accumulated by rape plants sown in
10 August, though the ‘Excalibur’ did not demonstrate significant differences
between the sowing dates of 1and 10 August. An equivalent pattern was
observed in case of the contents of sugars in roots of the ‘Californium’,
whereas in case of the ‘Excalibur’ the highest contents of sugars in roots were
accumulated in plants sown on 20 August.

Contents of sugars in stem and roots of oilseed rape sown in all sowing
dates had decreased during winter period. As regards average consumption of
sugars during overwintering, the plants consumed more sugars from roots than
from stems. The oilseed rape having the highest plant weight, namely, oilseed
rape sown on 1 August, manifested the highest consumption of sugars. The
following pattern was observed — oilseed rape sown in later sowing dates
manifested lesser decreases of sugars in stems (Table 4).

Findings of 2008/2009 included a significantly strong negative
correlation between the winter hardiness (number of plants in autumn
compared to number of plants in spring, %), on the one hand, and the reduction
of contents of sugars in stems of the both varieties (R? = 0.93 'Californium’;
R? = 0.97 ‘Excalibur’) and roots of the ‘Excalibur’ (R? = 0.87), on the other
hand. A significant correlation between the winter hardiness and the reduction
of contents of sugars in stems in 2009/2010 was observed only on the
‘Excalibur’ (R* = 0.80). Findings confirm that the oilseed rape with better
overwintering results consumed less sugars.
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Application of PGR did not have a significant (p > 0.05) effect on
contents of sugars in stem and roots. Comparison of contents of sugars in stems
of plants treated with PGR and not treated with PGR did not confirm a pattern
of reduction or increase in the contents of sugars caused by the PGR.

Sowing dates did not have a significant (p > 0.05) effect on contents of
dry matter in stems of the both varieties examined, as determined in springs.
Findings confirm that the highest contents of dry matter both in stems and in
roots of oilseed rape (Fig. 1) were present in plants of the earlier sowing dates,
and that these contents were lower in the plants sown later. Contents of dry
matter decreased during winter, except in case of the oilseed rape sown on
10 September (analyses were carried out only in 2008/2009 because the
analyses were omitted in spring of 2007/2008, and the plants failed to survive
over the winter in 2009/2010). The following pattern was observed — the
highest contents of dry matter both in stems and in roots was accumulated by
oilseed rape plants of the earlier sowing dates (Fig. 1).

Correlation between the aggregate accumulated GDD and the contents
of dry matter in stems, which was moderately strong in all cases, accounts for
the effects of sowing date on contents of dry matter. The correlation between
the accumulated GDD and the contents of dry matter in stems is exemplified by
coefficient of determination R*= 0.53 (p < 0.05) in case of the ‘Californium’
and R? = 0.60 (p < 0.05) in case of the ‘Excalibur’. A strong correlation
between the aggregate GDD and the contents of dry matter in roots has been
observed, as exemplified by coefficient of determination R® = 0.94 in case of
the ‘Californium’ and R? = 0.88 (p < 0.05) in case of the ‘Excalibur’. As
regards correlation between the contents of dry matter in stems and roots and
the winter hardiness, significant correlations of 95% confidence level were not
observed on either of the varieties in 2007/2008 and 2009/2010. Nevertheless,
the 2008/2009 findings on both varieties included a strong negative correlation
between the contents of dry matter in autumn and the winter hardiness
(r=17-0.932/>rp05 = 0.755, n = 5 ‘Californium’; r =/ — 0.992 / > ryp5 =
0.755, n = 5 ‘Excalibur’). This implies that effect of the contents indicators of
sugars and dry matter on the winter hardiness must be evaluated in conjunction
with the biometric indicators of oilseed rape.

Application of PGR on oilseed rape in autumn (factor C) did not have a
significant effect on contents of dry matter in stems and roots. Furthermore,
observations did not confirm a pattern of reduction or increase in the contents
of dry matter in stems and roots caused by application of PGR on oilseed rape.

Plant density of oilseed rape during the vegetative growth

Germination and development of oilseed rape in autumn. On
average across all the trial years, the highest field germination was observed on
oilseed rape sown on 10 August (95%), whereas the lowest — that sown on
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10 September (66%). Oilseed rape plants sown on 10 August had much better
field germination than those sown on 1 August, given the frequent occurrence
of high air temperatures and quite dry weather conditions in the last days of
July. The findings of our research indicate that the field germination results
were mostly conditional on soil humidity and air temperature. Development of
the oilseed rape was slightly different in each trial year, which calls for
consideration in further analysis of overwintering of the oilseed rape.
Depending on the sowing dates of oilseed rape covered by the trials, it attained
different developmental phases in the end of vegetative period.

Overwintering of winter oilseed rape depending on sowing date,
sowing rate and application of PGR. Overwintering of winter oilseed rape
(number of survived plants, %) throughout all the trial years was affected by all
factors covered by the research. Sowing date (factor A) had a significant
(p < 0.05) effect on overwintering of both varieties in all the trial years, except
for the ‘Excalibur’ in 2007/2008 (p = 0.061).

On the whole, better indicators of overwintering were demonstrated by
the ‘Excalibur’ hybrid, possibly because of its biometric indicators which are
better in comparison with those of the ‘Californium’. Advantages of the
‘Excalibur’ in terms of overwintering were manifested in the wintering
indicators after winters of 2009/2010 and 2010/2011 whereby the wintering
indicators of the ‘Californium’ sown in 10 September were within 1 — 2%.
(Table 5) On the whole, the best overwintering was demonstrated by oilseed
rape sown on 20 August which returned an average overwintering indicator of
70% in case of the ‘Californium’ and of 81% in case of the ‘Excalibur’
(Table 5). On average across all the trial years, overwintering of the crops sown
on 10 September did not exceed 50%, even though the ‘Excalibur’ sown at late
dates was wintering better than the ‘Californium’ (on average 47% and 34%,
respectively).

Findings of research of four years (2007/2008 — 2010/2011) confirm that
the application of PGR in autumn did not have a significant (p > 0.05) effect on
the overwintering of oilseed rape. On average across all the trial years and all
the sowing dates, the application of PGR improved the overwintering only in
case of the ‘Californium” sown on 1 August. Indicator of number of the plants
perished during winter was lower in case of the oilseed rape treated with PGR
and having higher plant density, except for the ‘Californium’ with sowing rate
of 80 germinable seeds per m% The following pattern was observed — the
number of perished plants of the ‘Excalibur’ treated with PGR was greater in
case of plots in which lower sowing rates had been applied (60, 40,
20 germinable seeds per m?).

Overwintering, grades. Results of overwintering grading varied from
year to year. High overall results of overwintering were attained in 2007/2008
and 2008/2009. Sowing rates significantly (p < 0.05) affected the overwintering
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in 2008/2009, 2009/2010 and 2010/2011. Given the advantageous winter, the
overwintering grades of both varieties did not differ in 2007/2008, even though
in case of the ‘Californium’ there were significant (p < 0.05) differences in
overwintering (expressed as %) which were dependent on sowing date.
Overwintering in 2007/2008 and 2008/2009 was assessed as having grades
8 and 9, which is to be considered as a very good condition of the crops having
an appropriate plant density and healthy plants. However, assessment of
overwintering on the basis of the number of survived plants was not
unambiguously positive (Table5). The lowest results in assessment of
overwintering were recorded after the winter of 2009/2010 whereby the highest
average result of overwintering of the ‘Californium’ was demonstrated by
oilseed rape sown on 10 August (grade 5.7), which also correlates with the
assessment of overwintering on the basis of the number of survived plants
(Table 5). The highest average result of overwintering grading in case of the
‘Excalibur’ was demonstrated by oilseed rape sown on 20 August (grade 5.1),
which also correlated with the assessment of overwintering on the basis of the
number of survived plants (Table 5). The average results of overwintering
grading of oilseed rape crops sown in 10 September of 2009/2010 were
grade 1.0 for the ‘Californium’ and grade 1.2 for the ‘Excalibur’, which imply
occurrence of completely perished plants and are almost consistent with the
assessment of overwintering on the basis of the number of survived plants
(Table 5), yet certain plants survived and returned a seed yield thereafter. As
regards results of 2010/2011, the indicators of overwintering assessment on the
basis of the number of survived plants were consistent with the results
overwintering grading, and the best overwintering was demonstrated by the
‘Californium’ sown on 10 August (grade 7.0) and the ‘Excalibur’ sown on
20 August (grade 6.9). Oilseed rape of both varieties sown on 10 September
failed to survive over the winter in 2010/2011.

Sowing rate had a substantial (p < 0.05) effect on the results of
overwintering grading of the ‘Californium’, and the sowing rate did not have a
significant (p > 0.05) effect in 2010/2011 whereby the results varied within
limits of one grading step, namely, grades 4.6 — 4.9 for the ‘Californium’ and
grades 3.8 — 4.3 for the ‘Excalibur’. Sowing rate did not have a substantial
effect on the results of overwintering grading of the ‘Excalibur’ in 2007/2008
and 2008/2009 whereby the results varied within grades 8 — 9.

Application of PGR had a substantial (p < 0.05) effect, namely, it
increased the results of overwintering grading of the ‘Excalibur’ in 2009/2010
and of both varieties in 2010/2011. Namely, the increase in the grades of winter
hardiness grading caused by the application of PGR varied from 0.6 in case of
the ‘Californium’ in 2010/2011 to 1.0 in case of the ‘Excalibur’ in 2009/2010.
There was no pattern of increase in the results of overwintering grading caused
by application of PGR in 2007/2008 and 2008/20009.
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It was possible to perform comparison of and assess correlation between
the both types of overwintering indicators attained on the basis of two
evaluation methods. Results of the overwintering grading in 2007/2008
included only grades 8 and 9, and therefore there was no correlation between
the overwintering grading and the overwintering on the basis of the number of
survived plants. In course of the following years the results were disparate and
included a wider range of grades, and therefore significant (p < 0.05 in
2009/2010 and 2010/2011; p < 0.01 in 2008/2009) correlations between the
overwintering grading and the overwintering on the basis of the number of
survived plants were observed.

Plant density during harvest. Results demonstrated that plant density
in the end of vegetative period differed, depending on sowing date. The
following pattern was observed — average plant density decreased more
markedly in case of the earliest and the latest sowing dates. Sowing date and
sowing rate had a significant (confidence level of 95%; p < 0.05) effect on plant
density during harvest, as found on both varieties examined throughout all the
trial years. Average (throughout 2007/2008 — 2010/2011) plant density during
harvest of the crops sown on 1 August was considerably lower than those sown
on 10 and 20 August. Throughout all the trial years the highest average plant
density during harvest was observed on the ‘Californium’ sown on 10 August.
A single exception from the latter was also observed, namely, the highest plant
density demonstrated by oilseed rape sown on 20 August with a sowing rate of
80 germinable seeds per m2. The highest average plant density in case of the
‘Excalibur’ was demonstrated by plants sown on 20 August, except for plants
which had a sowing rate of 20 germinable seeds per m? (Fig. 2).

Findings of the four trial years pertaining to plant density and sowing
dates confirm that the 10 September is unsuitable for ensuring sufficient plant
density. As observed throughout whole period of growth, in case of a higher
plant density the number of plants decreased more markedly than they did in
case of a lower plant density. Sufficient number of plants for yield formation
during the vegetative period was attained if the sowing rate had been at least
60 germinable seeds per m%

Oilseed rape yield components

Number of siligua per plant. Number of siliqua per plant was
significantly (p < 0.05) affected by sowing date and sowing rate as a factor
affecting plant density of both varieties in 2007/2008 and 2008/2009. The
following pattern was observed — number of siliqua per plant increased in line
with decrease in plant density. Winter of 2009/2010 was unsuitable for
overwintering of oilseed rape. As observed in 2009/2010 in the designated
areas (0.5 m?) of plots with plants sown on 1 September at a sowing rate of
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120 germinable seeds per m? a sample sheaf contained only one or two plants
and there were 1740 — 2985 siliqua per plant.

Number of seeds per siliquae. Number of seeds per siliqua was
significantly (p < 0.05) affected by sowing date in case of both varieties in
2007/2008 and 2008/2009. Number of seeds per siliqua varied from 23 seeds,
as observed in 2008/2009 on oilseed rape sown in 1 August, to 17 seeds, as
observed in 2007/2008 on oilseed rape sown in 10 September. Findings of
2007/2008 and 2008/2009 confirm that the lowest number of seeds per siliqua
was attained from oilseed rape sown on 10 September which is the latest
sowing date. Sowing date had a significant effect on the number of seeds per
siliqua (17 — 23 seeds per siliqua of the ‘Californium’, 16 — 21 seeds per siliqua
of the ‘Excalibur’). Sowing rate had a significant effect on the number of seeds
per siliqua of the ‘Californium’ in 2007/2008 and 2008/2009, whereas of the
‘Excalibur’ — only in 2007/2008).

Plant productivity. Productivity of a plant (g) was significantly
(p < 0.05) affected by sowing date and sowing rate (plant density) in case of
both varieties examined in 2007/2008 and 2008/2009. The following
correlation was observed — plants from plots with lower plant density
demonstrated a higher plant productivity. Plant productivity (on average from
all sowing dates) was higher in case of the ‘Californium” with sowing rates of
60 and 80 germinable seeds per m? and in case of the ‘Excalibur’ — 40 and
20 germinable seeds per m%.

Number of seeds per plant. Number of seeds per plant was
significantly (p < 0.05) affected both by sowing date and sowing rate. Number
of seeds per plant of the ‘Californium’ varied from 766 seeds, as observed on
plants sown in 1 September with sowing rate of 120 germinable seeds per m?,
to 9975 seeds, as observed on plants sown in 1 August with sowing rate of
60 germinable seeds per m? in 2008/2009. Number of seeds per plant of the
‘Excalibur’ varied from 1012 seeds, as observed in 2008/2009 on plants sown
in 1 September with sowing rate of 80 germinable seeds per m? to 8949 seeds,
as observed in 2007/2008 on plants sown in 20 August with sowing rate of
20 germinable seeds per m%.

Weight of 1000 seeds (WTS). Weight of 1000 seeds was significantly
(p < 0.05) affected by sowing date in case of both varieties examined in
2007/2008 and 2008/2009. WTS varied from year to year — seeds of both
varieties were heavier in 2008/2009.

Apart from effective yield compensation mechanisms, the presence of
which is attested by the observed correlations (Fig. 3), plant density had major
effect on seed yield of the both varieties. This assertion is upheld by a
substantial positive correlation between plant density and seed yield.
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Effects of sowing date, sowing rate and use of plant growth regulator on
the seed yield

Ripening. Throughout all the trial years the oilseed rape ripened in the
last decade of July. Observations of the oilseed rape ripening did not reveal any
variety-dependent or sowing rate-dependent deviations in days. Oilseed rape
plants which had been treated with PGR ripened more steadily and earlier than
the untreated plants.

Seed yield. Findings of the four trial years confirm that all the factors
examined, namely, sowing date (factor A), sowing rate (factor B), application
of PGR in autumn (factor C) and also the growing conditions in each year, had
a substantial effect on seed yield of winter oilseed rape (Table 6).

On the whole, the hybrid variety ‘Excalibur’ was more productive than
the line variety ‘Californium’ (Table 7). The highest seed yield (4.93 t ha™) of
the ‘Californium’ was attained from crops sown on 10 August. This yield was
significantly (p < 0.05) higher than those attained from other sowing dates.
Analysis of the yield of oilseed rape attained from different sowing dates
revealed significant differences across all sowing variations. Findings confirm
that the line ‘Californium’ was more suitable for earlier sowing dates (first
decade of August) than for later ones (second decade of August) because the
average seed yield attained from oilseed rape sown on 1 August exceeded that
of the 20 August (Table 7). Considerably lower yields were attained from the
‘Californium’ oilseed rape of the two last sowing dates — 1 September
(2.92 t ha™) and 10 September (1.59 t ha™). As regards the ‘Excalibur’, the
highest average seed yield was attained from crops sown on the third sowing
date — 20 August (Table 7). The research did not reveal a significant (p < 0.05)
difference between the seed yields from oilseed rape sown on 20 August (yield
of seeds 5.71 t ha™®) and on 10 August (5.54 t ha'). As regards yields from the
other sowing dates, there was no significant (p < 0.05) difference between the
seed yields from crops sown on 1 August and on 1 September. Crops sown on
1 August returned significantly (p < 0.05) lower seed yield than those sown on
10 and 20 August. In comparison with other sowing dates, the seed yields
attained from both varieties sown on 10 September were considerably lower
(Table 7) because the oilseed rape sown in 10 September of 2010/2011 failed to
survive over the winter and the yield was absent.

Sowing rate or plant density had significant role with respect to
formation of yield. In accordance with findings of our four-year trial, sowing
rate had a significant (p < 0.01) effect on seed yield of oilseed rape (Table 7).
Sowing rate initially determines the plant density, and the latter predominantly
affected the seed yield of the both varieties during harvesting, as upheld by a
substantial positive correlation between plant density and seed yield (Fig. 3).
As regards the both varieties examined in our four-year trial, the highest
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average seed yield was attained from crops with the highest sowing rate, which
in case of the ‘Californium’ was 120 germinable seeds per m* (3.83 t ha™)
(Table 7). As regards confidence level of differences between the vyields, in
case of the line variety ‘Californium’ there were no significant differences
between the seed yield attained from sowing rate of 80 germinable seeds per m?
and that of 100 germinable seeds per m?. The difference between the yields, as
attained from oilseed rape which had sowing rate of 120 germinable seeds per
m? and that of 80 germinable seeds per m?, formed 0.230 t ha® (difference
between the yields is significant, p < 0.05), yet it is not extensive enough to
imply use of a sowing rate of 120 germinable seeds per m? The ‘Excalibur’
demonstrated similar results, as there was no significant (p < 0.05) difference
between the seed yields of oilseed rape originating from sowing rates of
80 germinable seeds per m? and that of 60 germinable seeds per m?
(Table 7, 8). Likewise, there was no significant (p < 0.05) difference between
the seed yields of oilseed rape originating from 60 and 40 germinable seeds per
m?. As regards confidence level of differences between the yields in case of
lower sowing rates, the most suitable sowing rate among the examined ones for
the ‘Excalibur’ is 60 germinable seeds per m?.

Findings of research of four years (2007/2008 — 2010/2011) confirmed
that the seed yields of oilseed rape were affected — notably increased — by the
use of PGR in autumn. On the whole, the highest seed yields, as enhanced by
the application of PGR, were attained from different sowing dates (Table 9).

The highest increase of yield, as enhanced by the application of PGR,
was observed in 2009/2010 and 2010/2011 on the ‘Excalibur’ sown in
1 August, the increase amounting to 1.95 t ha™ and 1.33 t ha™, respectively.
The application of PGR provides an opportunity to sow the hybrid varieties
earlier, thus extending the sowing period.

Average yield indicators of the oilseed rape treated with PGR retained
the same pattern as those of the untreated oilseed rape, namely, the highest
average seed yield was attained from the ‘Californium’ sown on 10 August and
from the ‘Excalibur’ sown on 20 August.

CONCLUSIONS

1. Germination of oilseed rape was predominantly affected by the soil
moisture levels during the sowing in the beginning of August, whereas in
course of later sowing dates (in September) the most significant factor
affecting growth and development was temperature.

2. Throughout all the trial years, sowing dates of oilseed rape had a significant
(p < 0.05) effect on all biometric indicators which were determined in
autumns of the sowing years. Sowing rate did not have a significant effect
on height of growth point above soil and root length of oilseed rape. The
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following pattern was observed — a decreased sowing rate resulted in an
increase of certain biometric indicators, such as root collar diameter, plant
weight and root weight. Effect of PGR on the biometric indicators of
oilseed rape during the research period was inconsistent.

. Contents of sugars and dry matter in stem and roots in autumn were
significantly (p < 0.05) affected by the sowing date, and both indicators
were higher if oilseed rape was sown in earlier sowing dates. Nevertheless
and irrespective of the variety, both indicators decreased further during the
overwintering, thus larger plants consumed more of the accumulated spare
nutrients for the purpose of overwintering. Observations did not confirm
either reduction or increase in the contents of dry matter in stem and roots
caused by application of PGR.

In course of the twofold assessment of overwintering — by grading and on
the basis of the number of survived plants — it was found that the results of
grading were consistent with the assessment on the basis of the number of
survived plants. Substantial correlations between the overwintering grading
and the overwintering indicators on the basis of the number of survived
plants were observed in three of the four trial years. Consequently, both
assessment methods are sufficiently unbiased and usable.

. Hybrid variety ‘Excalibur’ was overwintering more successfully throughout
all the trial years. Indicators of overwintering were considerably affected by
conditions of the trial, and line variety ‘Californium’ sown on 10 September
failed to survive over the winter in two of the four trial years, while the
hybrid variety sown on 10 September failed to survive over the winter in
one of the four trial years. On the whole, oilseed rape sown on 20 August
was overwintering most successfully.

. Plant density during harvesting of the both varieties examined was
significantly (p < 0.05) affected both by sowing date and sowing rate.
Throughout the whole period of growth, plant density predominantly
decreased in case of the oilseed rape sown in the beginning of August and in
September. On the whole, in case of a higher plant density the number of
plants decreased more markedly than they did in case of a lower plant
density. Sufficient number of plants for yield formation during the
vegetative period was attained if the sowing rate had been at least
60 germinable seeds per m*

. Yield component — ‘number of plants per 1 m* — was significantly affected
by the initial cause of this indicator, namely, the sowing rate, as
complemented by another significant factor, namely, conditions for
overwintering. Sowing rate also substantially affected the number of plants
per 1 m? and crops failed to survive more markedly in case of the earliest
and the latest sowing dates. On the other hand, the productivity indicators of
individual plants increased in line with decrease in the number of plants per
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10.

11.

1 m? and the indicators were also affected by sowing date. Correlation
analysis proved that yield is substantially dependent on the number of plants
per 1 m?, while a reduction in the number of plants may be compensated by
yield components characterising productivity of an individual plant.

Timing of maturity of oilseed rape differs, it is dependent on the sowing
date, and it was found that the oilseed rape sown in later dates ripens later,
and oilseed rape plants which had been treated with PGR ripened more
steadily and earlier than the untreated plants. Furthermore, as found on both
varieties examined, the application of PGR increased the seed yields of
oilseed rape sown in all sowing dates of August of the trial.

All the factors examined, namely, sowing date, sowing rate, application of
PGR in autumn and also the growing conditions in the trial year, had a
substantial effect on yield of winter oilseed rape. On the whole, the
‘Excalibur’ hybrid variety was more productive than the ‘Californium’ line
variety.

Higher yield in case of the ‘Californium’ line variety was dependent on
sowing in earlier sowing dates in comparison with the ‘Excalibur’. The
most suitable sowing period for the line variety is the first decade of
August, notably its end, whereas for the hybrid variety — the second decade
of August, notably its end.

Even though the highest average seed yield was attained from both varieties
by means of the highest sowing rates examined (120 germinable seeds per
m? for the line variety, 80 germinable seeds per m? for the hybrid variety),
on the basis of confidence level of differences between the yields in case of
lower sowing rates, and taking into consideration that higher number of
plants failed to survive over the winter in case of the highest sowing rates, it
was found that the most suitable sowing rates among the examined ones are
80 germinable seeds per 1 m? for the line variety and 60 germinable seeds
per 1 m? for the hybrid variety.
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