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IEVADS

Picaugosais pasaules iedzivotaju skaits ir izaicinajums partikas un energijas
razo$anas nozarém, ka ar1 citu pamatvajadzibu nodroSinasanai. Zemes, augsnes
un Udens resursi ir ierobezoti un paklauti klimata izmainam. Lauksaimniecibai
ar esoSajiem resursiem ir jaiegiist lielaka kultiraugu produktivitate. Lai novertetu
ilgtsp&jigas kultiiraugu razoSanas iespgjas, ir javerte kultiraugu audzesana ilgaka
perioda par vienu gadu — augu mainas vai augsekas cikla. Ar viengadigu datu
novertg§jumu kultirauga audz€Sanas ieguvumiem un ieguldijumiem nav
pietiekami, ir javerté visa audzESanas sisttma kopuma vairak neka sezonas
garuma.

Kultiraugu produktivitati un audzesanas rentabilitati var ietekmét vienkarsas
agronomiskas prakses — augu maina un augsnes apstrades sist€éma, bet atkartotu
s€jumu un nepiemerotas augsnes apstrades sekas lielakoties tiek mikstinatas ar
sintétisko méslosanas Iidzeklu un augu aizsardzibas lidzeklu lietoSanu. Latvija
pedgjie p&tijumi, kuros salidzinata dazadu augu mainu produktivitate, ietverot ar
augsnes apstrades sist€émas, veikti 20. gadsimta beigas (1986.-2002. gads).
Mainoties audz€S$anas tehnologijam un tendencém pasaulé un nemot véra
globalas klimata izmainas, arT miisdienas ir aktuali p&tit augu mainu un augsnes
apstrades sistému ietekmi uz kultGraugu produktivitati gan sugas ietvaros, gan
vertejot augu mainu garaka perioda. Ta ka augu maina tiek ietvertas dazadas
sugas, tad produktivitates salidzinajums tonnas (t ha™*) nav pietiekami objektivs,
tapéc salidzinasanai var tikt izmantota biomasa akumuléta energijas raza (GJ ha”
1) vai bruto pelna (EUR ha'l). Svarigi pétit arT augsnes apstrades un augu mainas
ietekmi uz organiska oglekla krajumu palielinaSanas iesp&jam augsné Latvijas
apstaklos, lai risinatu pasaules méroga problemu — globalo klimata izmainu.
Oglekla satura izmainas augsn€ noverojamas ilgtermina, tap€c nozimigi oglekla
daudzumu augsné salidzinat ilggadiga augu mainu un augsnes apstrades sistemu
izm&ginajuma.

Darba hipotézes

1. Samazinot ziemas kvieSu Ipatsvaru augu maina, uzlabojas ziemas kvieSu
produktivitate (t ha') un pieaug kop€ja augu maina akumulgtas energijas
daudzums (GJ ha') un ziemas kvieSu razoana ilgtermina ir ekonomiski
izdevigaka (EUR ha').

2. Lidzvertigas ziemas kvieSu razas iespgjams iegiit, pielietojot gan
tradicionalo, gan reducéto augsnes apstrades sistému.

Promocijas darba merkis
Skaidrot augu mainas produktivitati atkariba no ziemas kvieSu Ipatsvara taja
un pielietotas augsnes apstrades sist€mas.



Pétijuma uzdevumi

1. Veértet ziemas kvieSu augSanu un attistibu atkariba no augu mainas un augsnes
apstrades sist€émas.

2. Noteikt ziemas kvieSu razas un tas strukttirelementu veidoSanos atkariba no
augu mainas un augsnes apstrades sist€mas.

3. Vertet ziemas kvieSu razas kvalitati atkariba no pétamajiem faktoriem.

4. Vertet pargjo augu mainas ieklauto kulttraugu produktivitati divas augsnes
apstrades sistémas.

5. Noteikt petamo faktoru ietekmi uz ziemas kvies$u un citu augu maina ieklauto
kultiraugu energijas razu un kop&jo augu mainas energijas razu.

6. Vertét organiska oglekla uzkrasanos augsné atkariba no pé&tamajiem
faktoriem.

7. Aprekinat un analiz€t augu mainas ekonomisko izdevigumu atkariba no
kvie$u Tpatsvara taja un augsnes apstrades varianta.

Aizstavamas tezes

1. Ziemas kvieSu razas pieaug, dazadojot augu mainu; tradicionalas un
reducétas augsnes apstrades sist€mas kvieSu attisttba notiek un razas
struktiirelementi veidojas lidzvertigi, ka arT iesp&jams iegiit lidzvertigas
razas.

2. Abas pétitas augsnes apstrades sist€émas (tradicionala un reducéta) lielakoties
nodro$ina savstarp&ji lidzvertigu seklu razu sugas ietvaros ziemas rapsim,
vasaras mieziem un lauka pupam.

3. Augu mainas dazado$ana var nodro$inat augstaku tas energijas razu, bet augu
maina ieklauto laukaugu ietekme uz augu mainas kop€jo energijas razu ir
atkariga no meteorologiskajiem apstakliem vértésanas perioda.

4. llgtermina, atstajot pécplaujas atliekas uz lauka, iesp&ams paaugstinat
augsnes organiska oglekla saturu neatkarigi no pétitajiem augsnes apstrades
vai augu mainas variantiem.

5. Augsnes apstrades dziluma samazinajums smaga puteklaina mala augsné ir
finansiali maznozimigs, tomé&r augu dazadosana augu maina var nodro$inat
lielaku bruto segumu.

Darba novitate: Latvija [idz Sim nav veikts komplekss pétijums, kura tiktu
verteti vairaki augu mainas varianti un divas augsnes apstrades sist€mas
stacionara, vairaku gadu (8-10) garuma ilgu$a izméginajuma, lai skaidrotu
ieguvumus (raziba, energijas raza, ekonomiskais izdevigums, oglekla uzkrasanas
augsn&) no kultiiraugu dazadoSanas augu mainas, salidzinot ar kvieSu bezmainas
s€jumiem. P&tijums sniedz iesp&ju secinat, cik produktivi ir ilgstosi s&t ziemas
kvieSus bezmainas s€jumos tieSi Latvijas apstaklos, ka arT novertet dazadu
augsnes apstrades sistému ietekmi uz to produktivitates raditajiem. Tiesi Latvijas
apstaklos trikst pétljumu par augu mainas un augsnes apstrades sisteémas ietekmi
uz oglekla uzkrasanos augsné ilggadiga pétijuma.
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PETIJUMA APSTAKLI UN METODIKA

Pétijuma kultiraugu produktivitate verteta atkariba no augu mainas un
augsnes apstrades sisttmas. Augu maina ietverto sugu raZibas salidzindajums
tonnas (t ha) nav pietickami objektivs, tapéc salidzinaSanai tika izmantota
biomasa akumuléta energijas raza (GJ hal) un bruto pelna (EUR hal). Petijuma
tika salidzinatas augsnes organiska oglekla (Corg) Satura un daudzuma izmainas
atkariba no augsnes apstrades sistémas un augu mainas (1. att.).

.

Augsnes apstrades
Soail ﬁf%tg%g)l/satem

Corg

RODUKTIVITA

G

Energijas

raza
Energy yield

Productivity

1. att. Promocijas darba pétito faktoru un
iegtito rezultatu shematisks attélojums /
Fig. 1. Schematic representation of the factors studied and
the obtained results in the thesis

Pétijuma vietas raksturojums

Lauka izmégindgjumi iekartoti LLU LF (tagad LBTU LPTF) MPS
“Peterlauki” petfjumu vieta “Poki” (56° 30.658’ Z un 23° 41.580" A) divfaktoru
izm&ginajuma stacionara ar divam augsnes apstrades sisttmam un tris dazadiem
augu mainas variantiem. Stacionars iekartots 2009. gada, ta kopgja platiba ir 6 ha.
Petijums promocijas darba ietvaros veikts ¢etru vegetacijas sezonu garuma no
2016./2017. gada lidz 2019./2020. gadam, lai aptvertu pilnu visu augu mainu
ciklu. P&tijuma izmantoti augsnes analizu dati no 2010.2, 2017. un 2022. gada;
2010. gada dati izmantoti sakotngja stavokla salidzinaSanai ar 2017. un
2022. gada rezultatiem.

2 Dati no projekta VPP-5.3.1. (Nr.VP26) “Vietgjo lauksaimniecibas resursu ilgtsp&jiga izmantogana
paaugstinatas uzturvertibas partikas produktu izstradei” (PARTIKA) 3.1. apak3projekts “Augsnes ka
galvena resursa ilgtsp&jiga izmantosana dro$u un kvalitativu partikas un lopbaribas izejvielu ieguvei
no plasak audz&tajam laukaugu sugam”

7



Izmgginajums ierikots virsgji velénglejota augsn€, granulometriskais
sastavs — puteklu mals. Atbilstosi starptautiskajai augsnu klasifikacijai augsne ir
Cambic Calcisol. Augsnes agrokimiskas analizes (0-20 cm slani) veiktas
2017. gada: augsnes reakcija pHkci 6.7, organisko vielu saturs augsts — 3.5%,
augiem izmantojama fosfora (P,Os) nodro§inajums vidgjs — 125.9 mg kg!, kalija
(K20) — augsts — 233.0 mg kg™

Pétamo variantu apraksts

Promocijas darba pétijuma ietverti $adi faktori:

A — augsnes apstrades sist€ma;

B — augu maina;

C — vegetacijas sezona (pétijuma gada agrometeorologiskie apstakli)

Augsnes apstrades sistemas

Al: tradicionala augsnes apstrade, kura ietvéra augsnes pamatapstradi —
arSanu ar velenas apvérSanu 22-24 cm dziluma un aruma SlukSanu, ka ari
augsnes pirmssgjas apstradi ar kompaktoru 4—5 cm dziluma (turpmak — TA);

A2: reducéta augsnes apstrade, kura augsnes pamatapstrade bija lobisana ar
disku lobitaju 8-10 cm dziluma divas reizes un pirmssgjas apstrade ar
kompaktoru 4-5 cm dziluma (turpmak — RA).

Augsnes pamatapstrade visiem kultiiraugiem veikta rudent.

Augu mainas varianti savstarpgji atSkiras ar ieklauto kulttiraugu skaitu,
augu mainas garumu un ziemas kviesu (Triticum aestivum) ipatsvaru tajas. Katra
augu maina tika Tstenota abos pétitajos augsnes apstrades variantos.

B1: ziemas kvie$u bezmainas s€jumi ar 100% kvie$u ipatsvaru no 2009. gada
(2014. gada pavasar neparziemojusie ziemaji tika parséti ar vasaras kvieSiem)
(turpmak — 100% kviesi).

B2: augu mainas garums bija tris gadi, un kvie$u ipatsvars taja — 67%, vienu
reizi tris gados augu maina ieklaujot ziemas rapsi (Brassica napus ssp. oleifera).
Kulttiraugu seciba: rapsis — kviesi — kviesi. [zm&ginajuma stacionara katru gadu
tika petiti divi no trTs rotacija ieklautajiem kultiraugiem, audzgjot tos augu maina
paredzétaja augu seciba (turpmak ari 67% kviesi). Saja augu maina vienu gadu
kvieSu priekSaugs bija rapsis, bet nakamaja gada kviesi tika s&ti atkartoti pec
kviesiem un tad atkal sekoja rapsis.

B3: augu maina cetru gadu garuma ar ieklautiem Ccetriem dazadiem
kultGiraugiem $ada seciba: lauka pupas (Vicia faba) — ziemas kvie$i — ziemas
rapsis — vasaras miezi (Hordeum vulgare). Ziemas kvieSu patsvars $aja augu
maina bija 25% (turpmak ar1 25% kviesi). Katru gadu tika petiti tris no Cetriem
rotacija ieklautajiem kultiraugiem, audzgjot tos augu maina paredz€taja augu
seciba.



Izm&ginajums promocijas darba izstradei uzsakts 2016. gada rudeni
izm&ginajumu stacionara, kura iekartoti 12 wvarianti &etros atkartojumos.
Izmgginajums iekartots divos lauka blokos (stacionara planu skat. 2. att.), katra
bloka 12 lauki (kopa 24), un katrs izm&ginajuma lauks sadalits uz pusém (I un
1), lai iegiitu Cetrus atkartojumus. Viena lauka izmérs bloka ir 0.25 ha (100 m x
25 m), sadalot to uz pusém ieguva laucinus 0.125 ha izméra.

Razas 1.sleja/ 2.sleja/ 3.sleja/ 4. sleja/
novaksanas 1 column 2" column 3 column 4™ column
gads /
Harvest year RA/RT TA/CT TA/CT RA/RT
Nr.1/ Nr.2/ Nr. 3/ Nr. 4/
No. 1 No. 2 No. 3 No. 4
2016 kviesi kviesi rapsis rapsis
2017 kviesi kviesi kviesi kviesi
2018 kviesi kviesi kviesi kviesi
2019 kviesi kviesi rapsis rapsis
2020 kviesi kviesi kviesi kviesi
Nr. 5/ No. Nr.6/ Nr. 7/ Nr. 8/
5 No. 6 No. 7 No. 8
2016 kviesi kviesi pupas pupas
2017 rapsis rapsis kviesi kviesi
2018 kviesi kviesi rapsis rapsis
2019 kviesi kviesi mieZi mieZi
2020 rapsis rapsis pupas pupas
Nr. 9/ No. Nr. 10/ Nr. 11/ Nr. 12/
9 No. 10 No. 11 No. 12
2016 z. rapsis rapsis kviesi kviesi
2017 miezi miezi rapsis rapsis
2018 pupas pupas mieZi mieZi
2019 kviesi kviesi pupas pupas
2020 rapsis rapsis kvieSi kvieSi

2. att. Izméginajumu stacionara 1. bloka plans izméginajuma gados

Fig. 2. Plan of the 1st block of the experimental stationary
Notes: kviesi — ziemas kviesi / winter wheat; rapsis — ziemas rapsis / winter oilseed rape; miezi
— vasaras mieZi / spring barley; pupas / spring field beans; RA / RT — reducéta augsnes apstrade /
reduced soil tillage; TA / CT — tradicionala augsnes apstrade / conventional soil tillage; Nr. 1/ No.
1..Nr. 12/ No. 12 — lauka numurs / plot number;
[ kultiiraugu seciba promocijas darba p&tijuma gados / crop rotation sequence during the
research years



Vegetacijas sezona: izméginajums veikts Cetras sezonas: C1 —2016./2017. g.,
C2 — 2017./2018. g., C3 — 2018./2019. g. un C4 — 2019.2020. g. vegetacijas
sezonas.

Agrotehnika izméginajuma

PriekSaugs un augsnes apstrades sistéma pétijuma ieklautajiem kultaraugiem
tika pieméroti atbilstosi izm&ginajuma shémai un kultiiraugu izvietojuma planam
2016.-2020. gada (skat. 2. att.).

Ziemas kvieSi. Augsnes apstrade veikta augusta vai septembri. Visos ziemas
kviesu laukos augsnes apstrade katra gada veikta atSkirigos datumos, bet gada
ietvaros viena diena visiem laukiem. Apstrades laiks bija atkarigs no vélaka
ziemas kvieSu priekSauga razas novakSanas laika. Abas augsnes apstrades
sisteémas ieklava lauka pirmssg€jas apstradi ar kompaktoru 4-5 cm dziluma.

PriekS8augi — ziemas kvieSu priekSaugi bija atSkirigi pa pétamajiem
variantiem: ziemas kviesi, rapsis vai lauka pupas.

Sgjas laiks. Ziemas kvieSu s€ja izm&ginajuma perioda veikta septembrt:
19.09.2016.; 30.09.2017., 06.09.2018., 10.09.2019. Izsgjas norma tika izvéleta
500 digtspéjigas seklas m?, iznemums bija 2018. gada — 450 digtsp&jigas
seklas m, jo s&jas termins bija agraks. Skirne — pétfjuma pirmaja gada izmantota
Skirne ‘Zentos’, kuru s€ja kop$ stacionara izméginajuma uzsakSanas, bet
turpmakajos gados ta aizstata ar aktualaku ziemas kvie$u $kirni ‘Skagen’. Abas
Skirnes ir augstrazigas, tas var nodro$inat augstakas klases partikas graudus.

Pamatméslojums iestradats augsné reiz€ ar s€ju, nodrosinot slapekli (N)
25kg hal, fosforu (P,Os) — 65 kg ha?, kaliju (K;0) — 65 kg hal.
Papildméslojuma pavasari pirma lietoSanas reize bija neilgi péc vegetacijas
atjaunosanas (30.03.2017.; 16.04.2018.; 29.03.2019.; 4.03.2020.), nodrosinot
86 kg ha! slapekla, bet otra papildméslosanas reize bija stiebroSanas sakuma
(31.-32. AE), lietojot amonija nitratu un 2017. gada nodrosinot N 86 kg ha™,
pargjos pétijuma gados — N 68.8 kg ha™. Kopa papildméslojuma tika nodroginati
155-172 kg ha! slapekla. Atkariba no katra gada iesp&jam, lietoti ari arpussaknu
méslojumi tvertnes maisijumos ar augu aizsardzibas Iidzekliem.

Kaitigo organismu ierobeZo$ana un izmantotie augu aizsardzibas lidzekli
starp pétijuma gadiem atSkiras, un tie tika izvéleti atbilstosi nepiecieSsamibai.
Nezalu ierobezoSanu ziemas kvie$u s&jumos veica pavasari, kviesu stiebroSanas
fazes sakuma. Slimibu ierobezoSana notika vienu reizi vegetacijas perioda,
ziemas kvieSu varpoSanas fazé (51.-55. AE), lai ierobezotu ziemas kviesu lapu
slimibas. Kaiteklu ierobezoSana bija nepiecieSama tikai viena no pétljuma
gadiem — 2018. gada (55. AE), kad bija loti silta vasara un labveligi apstakli, lai
kaitekli savairotos.

Augu aug8anas regulators izméginajuma ziemas kvieSiem visos pétijjuma
gados lietots divas reizes stiebroSanas laika. Pirma lietoanas reize bija pirms
31. AE, otra augu aug8anas regulatora lietoSanas reize bija— 37. AE.
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Ziemas rapsis tika audzgets divos no pétitajiem augu mainas variantiem, Kur
tas tika s€ts reizi tris gados “67% kviesi” (B2: R-K-K) vai reizi Cetros gados
“25% kviesi” (B3: P-K-R-M). Ziemas rapsis augu maina “67% kviesi” tika séts
trTs no Cetriem pétijuma gadiem, bet augu maina “25% kviesi” — divos gados.

Ziemas rapSa priekSaugs visos izm&ginajuma variantos bija ziemas kviesi.
Augsnes apstrade veikta péc prickSauga raZas novaksanas, izmantojot arSanu Al
variantd un augsnes lobiSanu A2 varianta. Izmantotie augsnes apstrades veidi
aprakstiti 8. Ipp.

S€ja. Ziemas rapsis pétijuma gados sEts optimala termina beigas
(18.08.2017.; 18.08.2018.; 19.08.2019.) vai novéloti (28.08.2016.). Izsgjas
norma bija 80 digtsp&jigas seklas 1 m?, audz&jot hibrida rapsa kirnes. Izsgjas
norma bija nedaudz palielinata virs ieteicamas, paredzot zemaku laukdidzibu
puteklu mala augsné. P&tfjuma tika s€tas ziemas rap$a hibridas skirnes, kuras
starp pétijuma gadiem at$kiras, bet katra no pétjjuma gadiem s€tajos variantos
bija vienadas. Skirne ‘Veritas CL’ séta 2016./2017. gada, bet 2017./2018. gada,
nemot vera ieprieksgja gada velo sgjas laiku, tika izlemts sét skirni ‘Visby’, kura
raksturojas ar labu attistibu rudend ar tad, ja séta vélaka sgjas termina. So dkirni
izmantoja art 2018./2019. gada. Ceturtaja izméginajuma gada $kirne nomainita
uz ‘KWS Hymalaya CL’, jo bija nepiecieSams ierobezot krustziezu nezales un
sarnaugus.

Pamatméslojums iestradats augsné reiz€ ar s&ju, lietojot komplekso
méslosanas lidzekli NPK, nodrosinot 2016. gada N 17.5 kg ha!, P,Os 50 kg ha
un K20 70 kg ha!; 2017. un 2018. gada — N 23 kg ha’, 59.8 kg ha! P,Os un K;0;
2019. gada — N 25 kg ha?, 65 kg ha? P,Os un K;O. Papildméslojuma pavasari,
ziemas rapS$a vegetacijai atjaunojoties, Visos izméginajuma gados lietots N 86 kg
hal. Otra papildmésloSanas reize bija 3—5 nedélas p&c pirmas méslosanas reizes,
stublaja pagarinasanas laika, pirms ziedéSanas. Papildméslojums 2017.-2019.
gada lietots divas reizes, otraja reiz€ izmantojot amonija nitratu, ar devu 250 kg
hat (N 86 kg ha) 2017. gada, bet 200 kg ha™* (N 69 kg ha*) 2018. un 2019. gada.
Augstakais razas potencials bija 2020. gada, tapec tika lietoti tris pavasara
slapekla papildmeslojumi. Otraja papildm&slojuma divas ned€las p&c pirmas
meéslosanas reizes lietots amonija sulfats, deva 200 kg ha (N 42 kg ha't, S 48 kg
hal) un pec divam nedé€lam razas potenciala attistiSanai lietots amonija nitrats,
deva 200 kg ha? (N 69 kg ha), kopa nodrosinot 197 kg ha! slapekla un 48 kg
ha! sera. Atkariba no katra gada iesp&jam, lietoti ari arpussaknu méslojumi
tvertnes maisijumos ar augu aizsardzibas lidzekliem, p&tijuma laika ikgadgji tie
at8kiras, bet visos izméginajuma variantos, lietojot konkrétaja gada, méslosana
bija vienada.

Kaitigo organismu ierobezo$ana rapsim. Nezalu ierobezoSana. Pirmaja
(2016./2017.) un ceturtaja (2019./2020.) pétijuma sezona lietots Clearfield
tehnologijai piemérots herbicids un papildus pavasari lietots ari viendigllapju
nezales un sarpaugus ierobezojoss herbicids; 2017./2018. gada péc sgjas
izmantots augsnes un pieskares iedarbibas herbicids, bet 2018./2019. gada p&c
ziemas rapsa s€jas lietots augsnes iedarbibas herbicids digstoso viendigllapju un
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divdigllapju nezalu ierobeZoSanai, papildus pavasari lietots arT viendigllapjus
ierobezojoss herbicids. Slimibu ierobezosanai fungicidi netika lietoti. Kaiteklu
ierobezoSana notika vismaz vienu reizi katra sezona, iznemot 2020. gada
pavasari / vasaru, kad bija nepiecieSami tris insekticida smidzinajumi, jo siltais
un mitrais pavasaris veicindja ilgstoSu ziedéSanu un kaiteklu skaita
palielinasanos.

Augu aug8anas regulators izméginajuma ziemas rapsim lietots 2016., 2017.,
un 2018. gada rudent vienu reizi.

Vasaras mieZi pétijuma laika tika seti trs no Cetram sezonam 2017., 2018.
un 2019. gada, atbilstosi augu mainas planam stacionara (skat. 2. att.).

PriekSaugs vasaras mieziem augu maina “25% kvie$i” bija ziemas rapsis.

Augsnes apstrade veikta rudent péc priekSauga razas novaksanas, izmantojot
arSanu Al varianta un augsnes lobisanu A2 varianta.

Sgja vasaras mieziem pétjuma gados veikta optimalos terminos
(24.04.2017.; 29.04.2018.; 17.04.2019.), izmantoja $kirni ‘Tocada’ ar izsEjas
normu 450 digtsp&jigas seklas 1 m2.

Pamatméslojums izkliedets pirms s€jas un iestradats augsné reiz€ ar sgju,
lietojot komplekso méslosanas Iidzekli un nodrosinot 38 kg ha! slapekla un tadu
pasu daudzumu P,Os un KjO. CeroSanas sakuma (21.AE) lietots
papildméslojums, nodrosinot papildus 61.9 kg ha? slapekla 2017. gada,
68.8 kg ha'l — 2018. gada, 54 kg ha - 2019. gada. Kopa nodro§inatais slapekla
méslojums mieziem bija: 2017. gada — 99 kg hat, 2018. gada — 107 kg ha'%, 2019.
gada — 92 kg ha.

Kaitigo organismu ierobezo$ana. Nezalu ierobezoSana vasaras mieZu
s€jumos notika atbilsto§i nezalu botaniskajam sastavam un to skaitam, lietojot
herbicidu pavasari. Slimibu ierobezos$ana bija nepiecieSama 2017. un 2019. gada,
kad izmantots viens fungicida smidzinajums. Kaiteklu ierobeZos$anai insekticids
lietots tikai 2019. gada.

Lauka pupas pétijuma laika tika s€tas tris no ¢etram sezonam 2018., 2019.
un 2020. gada, atbilstosi augu mainas planam stacionara (Skat. 2. att.). PriekSaugs
lauka pupam augu maina “25% kvie$i” bija vasaras miezi.

Augsnes apstrade veikta p&c priekSauga razas novaksanas, izmantojot arSanu
Al varianta un augsnes lobiSanu A2 varianta.

Sgja lauka pupam pétijuma gados veikta atkariba no iesp&amibas apstradat
augsni pavasari: 24.04.2018., 06.04.2019., 30.03.2020. Visos izm&gindjuma
gados s&ja kirni ‘Laura’ ar izs€jas normu 45 digtspgjigas seklas 1 m?,

Pamatméslojums iestradats augsn€ reiz€ ar s€ju, lietojot kompleksos
mésloSanas lidzeklus: 2018. gada nodrosinot N —14.4 kg ha, P,Os — 62 kg ha'l;
2019. gada un 2020. gada nodrosinot N — 30, P,Os — 30, K20 — 30 kg hal.

Kaitigo organismu ierobezoSana. Nezalu ierobeZoSanai péc s&jas lietots
selektivs, sistémas iedarbibas herbicids. Stublaja pagarinasanas laika neilgi
pirms ziedéSanas visos izmé&ginajuma gados lietots herbicids viendigllapju
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nezalu un labibu sarnaugu ierobezosanai. Slimibu ierobezosanai fungicidi netika
lietoti. Kaiteklu ierobezosana notika vienu reizi katra sezona lauka pupu
zied€Sanas sakuma.

Izméginajuma veiktie novérojumi un analizes

Dig8anas dinamika ziemas kvieSiem uzskaitita trijos no Cetriem pétjjuma
gadiem: 2017.,2018.un 2019. gada. Dig8anas dinamikas uzskaite sakta no pirmo
digstu paradisanas briza un turpinata ik péc 2 Iidz 3 dienam pirmaja ned€la un
turpinata lidz digstu skaits ir nemainigs vai sakas cero$ana. Uzskaites reizu skaits
pétijuma gados bija mainigs, jo atskiras sadigSanas atrums un vienm&rigums pa
gadiem un augsnes apstrades Vvariantiem atkariba no meteorologiskajiem
apstakliem digSanas laika. Uzskaite veikta, izmantojot 0.1 m? ramiti, veicot tris
méerfjumus katra laucina. Pirmaja uzskaites reize€ randomizeti izveletas uzskaites
vietas tika precizi atzim&tas ar mietiniem, un tas bija nemainigas visu uzskaites
laiku katra gada.

Katra petijuma gada salidzinata digSanas dinamika abas pétitajas augsnes
apstrades sistémas piecas kopigajas uzskaites reiz€s un beidzamaja uzskaites
reizg, aprékinot picaugumu (%).

Ziemas kvie$u laukdidziba (%) tika aprékinata péc (1) formulas, nemot
aprekinam sadiguso digstu datus no beidzamas digsanas dinamikas uzskaites.

Laukdidziba / Field germination, % = % x 100 )
kur / where:

SA — digstu skaits, gab. m2/ sprouts, pieces m?

IN — izs&jas norma, digtsp&jigo seklu skaits m?/ sowing rate, germinable

seeds m

Pétijuma laikda nov@roja izméginajuma ieklauto Kkultiraugu aug$anu un
attistibu, registréjot attistibas etapus (AE) péc BBCH skalas. Ziemas kvieSiem
noteikts vegetacijas perioda garums, rékinot diends no 1. janvara lidz 89. AE.
Noteikta ziemas kvieSu ziemcietiba un izturiba pret veldri, abi raditaji vertéeti
9 ballu skala®.

RazZu veidojoSo struktiirelementu noteikSana, izmantojot paraugkiilus.
Paraugkiilu ievakSana ziemas kvieSiem, vasaras mieziem, lauka pupam un
ziemas rapsim notika 89. AE. Ziemas kviesu un vasaras miezu paraugkiili ievakti
no 0.125 m? laukuma tris vietas katra laucina. Ziemas rapsim un lauka pupam

3 Augu Skirnes saimniecisko ipasibu novértésanas noteikumi. Ministru kabineta noteikumi Nr.518.
[Tiessaiste]  [skatits  01.02.2023.].  Pieejams:  https://likumi.lv/ta/id/250577-augu-skirnes-
saimniecisko-ipasibu-novertesanas-noteikumi.
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paraugkdli ievakti 0.5 m? platiba divas vietas katra laucina. No paraugkiliem

noteikti razas struktirelementi:

e ziemas kvie$iem un vasaras mieZiem — produktivo stiebru skaits m=?, graudu
skaits varpa;

e ziemas rapsim — augu skaits m?;

e lauka pupam — augu skaits m, paksu skaits augam, gab., seklu skaits paksti,
gab.

Razas struktiirelements 1000 graudu / seéklu masa noteikta ar standartmetodi
(LVS EN ISO 520:2011).

Graudu / séklu raza ziemas kvieSiem, mieziem un lauka pupam iegiita ar
tieSo razas uzskaites metodi, nokulot laucina razu, to nosverot un tad ta
parrekinata pie 100% tiribas un standartmitruma (14%). Nokulta laucina
uzskaites platiba pa gadiem svarstijas un bija vid&ji no 100-120 m2. Ziemas
rapsim razas uzskaite veikta ar netieSo razas uzskaites metodi, izmantojot
ievaktos paraugkiilus un no tiem iegiito vidgjo séklu masu parrékinot t ha™* pie
100% tiribas un 8% mitruma.

Salmu raZa aprékinata, izmantojot graudu/s€klu razu un paraugkilu analizé
iegiito graudu / s€klu un salmu attiecibu, parrekinot pie graudu / s€klu
standartmitruma ((2) formula).

salmu masa paraugkali, g /
straw mass in sample sheaf, g  grauduraza, tha'/
graudu masa paraugkdli, g / grain yield, t ha*
grain weight in sample sheaf, g

Salmu raza,
thal/ =
Straw yield t ha™*

O]

Aprekinats razas indekss, kurs izsaka graudu / seklu masas patsvaru kopgja
virszemes biomasas raza.

Graudu un séklu kvalitates raditaji noteikti LLU LF (tagad LBTU LPTF)
Graudu un seklu macibu-zinatniskaja laboratorija. Izmantojot tuvo infrasarkano
staru spektroskopiju (NIRS) ar analizatoriem Infratec Analyzer 1241
(2017. gada) un Infratec™ NOVA (no 2018. gada), noteiktie kvalitates raditaji
pétitajiem laukaugiem apkopoti 1. tabula. Analizatori pievienoti Latvijas graudu
tiklam.
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1. tabula / Table 1
Ar tuvo infrasarkano staru spektroskopiju noteiktie
kvalitates raditaji petitajiem kultiraugiem
The quality indices of the studied crops determined by the
near-infrared spectroscopy

Kvalitates raditajs / Quality indicator Kultaraugs /Crop
Proteina saturs, % / Protein content, % ﬁ‘éigstlj’el:rllzm’ pupas / wheat, barley,
Lipekla saturs, % / Gluten content, % kviesi / wheat
Zeleny indekss / Zeleny index kviesi / wheat
Tilpummasa, kg hL/ Volume weight, kg hL? | kviesi, mieZi, rapsis / wheat, barley,

oilseed rape
Ellas saturs, % / Oil content, % rapsis / oilseed rape
Cietes saturs, % / Starch content, % kviesi, miezi / wheat, barley

Ziemas kvieSiem kriSanas skaitlis (s) noteikts péc Hagberga-Pertena metodes
(1SO 3093:2009). Lauka pupam tilpummasa noteikta p&c standartmetodes LVS
273, izmantojot cilindrus un svarus. Iegiito graudu un s€klu kvalitates atbilstiba
iepirkumam salidzinata ar Lauksaimniecibas pakalpojumu kooperativas
sabiedribas “Latraps” (turpmak — LPKS “Latraps”) kvalitates prasibam. Ziemas
kvie$u graudu atbilstibai kadai no kvalitates grupam (partikas vai lopbaribas)
vertets protetna un lipekla saturs, tilpummasa un kriSanas skaitlis, atseviski
netika salidzinats mitrums un piemaisijumu daudzums, jo kvalitate vértéta 100%
tirai razai pie 14% mitruma. Lauka pupam piemeérota lopbaribas grupa, jo
nepiecieSamie kvalitates novértgjumi, lai pupas ieklautu partikas grupa,
izméginajuma laika netika veikti (kait€klu bojato séklu Tpatsvars un skelto seklu
patsvars). Vasaras mieziem iepirkuma vertéta tilpummasa un tai bija jabiit virs
60 kg hL1. Rapsa seklu iepirkuma minéts bazes ellas saturs — 40%.

Kultiiraugu energijas raza. Izméginajuma ieklauto kultiraugu séklu un
pecplaujas atlieku energétiskas vertibas (kJ kg™?) noteiktas Latvijas Valsts
Koksnes kimijas institita ar standartmetodi (EN 1SO 18125:2017). Energétiska
vertiba noteikta katra varianta vidéjam paraugam no Cetriem atkartojumiem.
Kultiraugu energijas raza (kJ ha?, tad parrekinata GJ ha™) aprékinata péc
(3) formulas, atseviski rékinot energijas razu no graudiem / s€klam un raZas
pécplaujas atliekam.

Ren = (Rbs X Ev) / 106 (3)
kur / where:
Ren— graudu / séklu / pecplaujas atlieku energijas raza, GJ ha™/ grain/seed/post-harvest
residual energy yield, GJ ha
Rbs— biomasas sausnas raza graudiem / seklam / p&cplaujas atliekam; t ha* / biomass
dry matter yield for grain/seed/post-harvest residues; t ha -
Ev— graudu / seklu / pecplaujas atlieku energétiska vertiba; kJ kg™ / energy value of
grain/seed/post-harvest residues; kJ kg
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Lai noteiktu kop&jo energijas razu no 1 ha, summéta pamatprodukcijas
energijas raZa Un no razas pecplaujas atlickam ieglistamais energijas daudzums
(kJ ha't vai GJ hal). Lai savstarpgji salidzinatu izméginajuma ieklautos augu
mainu variantus, tika aprékinatas vidgjas iegiitds energijas razas no katra
kultirauga katra augu maina atseviski (piem., vidgja energijas raza no kvieSiem
augu maina “100% kvie$i” un vid&ja kvieSu energijas raza augu maina “67%
kvie$i” un analogiski arT augu maina “25% kviesi”). Vidgja energijas raza
reizinata ar kultlrauga proporciju augu mainas varianta un noteikts
proporcionalais energijas sadalfjums no katra kultirauga augu maina.

Organiskais ogleklis (Corg) aprékinats no organisko vielu (%) satura augsné,
izmantojot “Van Bemmelen faktoru” — parrékina koeficientu 1.724 ((4) formula).

Organiskas vielas, % /
= Organic matter, % (4)
1.724

Organiskais ogleklis, %
Organics carbon, %

Organisko vielu saturs augsné noteikts Valsts augu aizsardzibas dienesta
Agrokimijas laboratorija 2010., 2017. un 2022. gada. Izmantota LR Zemkopibas
Ministrijas 2022. gada 4. janvara kartibas Nr. 1 “Augsnu agrokimiskas izp&tes
un izp€tes rezultdtu novertéSanas kartiba”, kura ir ekvivalenta 2010. un
2017. gada izmantotajam metodem. Veikta mitra parpelnosana, izmantojot kalija
bihromata (K>Cr,O7) un seérskabes (H>SO4) maisijumu 125 °C temperatiira.
AnalizéSanai nodoti paraugi no tris dazadiem augsnes slaniem: 0-20 cm, 20—
40 cm un 40-60 cm. Paraugi ievakti katra izm&ginajuma lauka, veicot zondésanu
vismaz tris dazadas vietas lauka katra no izméginajuma blokiem. Kopa — 24
vidgjie paraugi katra analiz&taja augsnes dziluma.

Augsnes analizu dati Corg satura salidzinaSanai pétijumu perioda ar
sakotngjiem, 2010. gada rezultatiem, iegtti agrak veikta projekta ietvaros: VPP-
5.3.1. (Nr.VP26) “Vietgjo lauksaimniecibas resursu ilgtsp&jiga izmantoSana
paaugstinatas uzturvertibas partikas produktu izstradei” (PARTIKA)
3.1. apaksprojekts “Augsnes ka galvena resursa ilgtspgjiga izmantosana droSu un
kvalitattvu partikas un lopbaribas izejvielu ieguvei no plasak audzetajam
laukaugu sugam”. Projekta istenosanas laiks 2010.—2013. gads, vaditajs A. Ruza.

Corg krajumu (t ha?) aprékinaanai augsné 0-20 c¢cm dziluma izmantots
aprekinatais Corg saturs (%) un videja augsnes tilpummasa (t m?) augsnes
apstrades sist€ému variantos, kura noteikta 2017. gada veiktajas augsnes analiz€s
(iegutie dati publiceti ZM subsidéta projekta Nr. 310 “Minimalas augsnes
apstrades ietekme uz augsnes auglibas saglabasanu, kaitigo organismu attistibu
un izplatibu, razu un tas kvalitati bezmainas séjumos” atskaites pielikumos?). Corg
daudzums 0-20 cm dziluma aprekinats p&c (5) formulas.

4 Augsnes tilpummasa. LBTU. [TieSsaiste] [skatits  26.05.2023.].  Piecjams:
https://www.Ibtu.lv/sites/default/files/files/projects/S310_atskaite.pdf.
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Corgsat

Cogkrajumi = TM x DZ, x10%x 100

®)

kur: Corg krajumi — organiska oglekla krajumi augsng 020 cm dziluma, t ha™*/
soil organic carbon stocks at soil depth 0-20 cm; t ha';
TM — augsnes tilpummasa, t m=; soil bulk density, t m;
DZa — augsnes dzilums, kura aprekinati Corg krajumi, m / soil depth at
which Corg stocks are calculated, m;
CorgSat — organiska oglekla saturs augsné, %; soil organic carbon content, %.

Augkopibas produkcijas razoSanas ekonomiskais izdevigums atkariba no
augu mainas un augsnes apstrades variantiem noveértéts, izmantojot bruto seguma
aprekinu. Bruto segums aprékinats atbilstosi “Latvijas Lauku konsultaciju un
izglitibas centra” (LLKC) izstradatajai metodikai. Bruto segumu iegiist, no
produkcijas realizacijas ien€mumiem atskaitot mainigas izmaksas izejvielam un
masinu un roku darba operacijam. Bruto seguma aprékinasanai izmantoti MPS
“Peterlauki” gramatvedibas uzskaites dokumenti (ienako$as un izejo$as
pavadzimes) 2016.,2017.,2018.,2019. un 2020. gada, LLKC apkopotie dati par
augu aizsardzibas un meéslosanas lidzeklu vid€jam pardoSanas cenam valsti
2016., 2017., 2018., 2019. un 2020.gada. lIzmantoto materialu cenu
noskaidro$anai, kuras netika atrastas MPS “Pé&terlauki” vai vidéjas LLKC cenas,
izmantotas ar1 izejmaterialu cenas, kuras pieejamas privatu saimniecibu
gramatvedibas uzskaites datos. Izejmaterialu cenas, kuras nebija iesp&jams
noskaidrot, noraditas, ka analogisku Iidzeklu cenas. Masinu un roku darba
operacijas rékinatas, izmantojot LLKC apkopotas vidgjas traktortehnikas
pakalpojumu cenas Zemgales regiona 2016., 2017.,2018., 2019. un 2020. gada.
Lauksaimniecibas produkcijas realizacijas cenam izmantoti dati no LLKC
sagatavotajiem Bruto segumiem par vidéjam graudu / s€klu realizacijas cenam
Latvija razas vaksSanas gados. Ziemas kvieSiem izmantotas cenas atbilstosi
iegltajai kvalitates grupai: partikas vai lopbaribas graudi atbilstosi LPKS
“Latraps” iepirkuma prasibam 2022. gada.

Aprekinats katras augu mainas vid&jais ekonomiskais izdevigums gada, kurs
izteiks ka bruto segums. Aprékins veikts, nemot vidgjas bruto seguma vértibas
katram kulttiraugam vidgji gada un nemot vera kultiirauga Ipatsvaru augu maina
(skat. (6) formulu). Augu mainas vidgjais ekonomiskais izdevigums gada
rekinats atseviski tradicionalajai un reducétajai augsnes apstrades sisteémai.

17



Vidgjais augu mainas bruto

segums gada / Average _ (KL xt)+ (K2 xt)+ (Kn x t) ©)
gross coverage of crop T

rotation per year

kur / where:
K1,K2.. Kn—  augu maina ieklauta kultiirauga vidgjais bruto segums (EUR ha™)
visa perioda tradicionalaja vai reducétaja augsnes apstrades sistema
/ average gross coverage (EUR ha 1) of the crop included in the
crop rotation throughout the period in the conventional or reduced
tillage system;

t— ilgums gados, cik tas tiek audz@ts vertétaja augu maina / the
duration of the years in which it is grown in the rated crop rotation;
T- kopgjais augu mainas garums (100% kviesi — 4 gadi, 67% kviesi —

3 gadi, 25% kviesi — 4 gadi) / the total length of the crop rotation
(1009% wheat — 4 years, 67% wheat — 3 years, 25% wheat — 4 years)

Datu matematiskajai apstradei izmantotas datorprogrammas MS Excel un
RStudio, veicot dispersijas, korelacijas un regresijas analizes. Rezultatu atSkiribu
butiskums novertéts 95% Iimeni, izmantojot robezstarpibas (RSo.05) vertibu vai
Bonferroni testu.

Meteorologisko apstaklu raksturojums

Meteorologiskie apstakli izm&gindjuma vieta registréti, izmantojot
stacionaro, automatisko meteorologisko staciju Davis Wireless Vantage Pro2
Plus UV& SOLAR, kura atrodas izm&ginajuma vieta “Poki”. Izm&ginajuma
perioda iegiitie meteorologiskie dati salidzinati savstarp&ji pa sezonam un ar
ilggadigajiem noveérojumiem (teksta arT ‘norma’; vidéjie ped&jo 30 gadu dati))
Jelgavas Hidrometeorologiskaja stacija.

Vidgjas temperatiras izméginajuma laika krasi atSkiras starp pétjjuma
sezonam. Tris no izméginajuma gadiem raksturojas ar ipasi siltaku pavasara /
vasaras vegetacijas periodu (iznemot 2016./2017. g.).

Nokri$nu daudzums izméginajuma perioda tika analiz&ts rudens vegetacijas
perioda un turpindjas ar pavasara meéneSiem, jo ziemas menesos Visos
izméginajuma gados nebija iesp&jas noteikt izkritu$o nokri$nu daudzumu, jo
vairakas no ziemam augsni klaja sniegs, kuru automatiska meteorologiska stacija
neregistre.

2016./2017. gads raksturojas ar mérenam gaisa temperatiiram un optimalu
nokri$nu daudzumu augustd, bet samazinatu nokrisnpu daudzumu rudens
meneSos. Ziema bija siltaka salidzinajuma ar ilggadigiem novérojumiem.
Pavasaris un vasara raksturojas ar mérenu gaisa temperattru, nokri$nu daudzums
pavasarT un vasaras sakuma bija optimals, bet julija bija lielas lietavas, savukart
augusts un razas novaksanas laiks bija ar zemu, mérenu nokri$nu daudzumu.

18



2017./2018. gada septembris un oktobris bija loti lietaini, ar siltam gaisa
temperatiiram, no ziemas méneSiem bargakais bija februaris, bet vidgja
temperatiira decembri un janvarl bija augstaka par normu. Aprilis bija
nokri$niem bagats un loti silts, turpmakajos ménesos lidz razas novaksanai bija
mitruma deficits un novérotas paaugstinatas gaisa temperatiiras maija, jiilija un
augusta. Pavasara un vasaras perioda visa vegetacijas perioda garuma bija maz
nokri$nu, kas bija tikai 64% no ilggadigajiem novérojumiem pavasara méne$os
un 33% no normas vasaras menesos.

2018./2019. gads turpinajas ar izteiktu mitruma deficitu no 2018. g. oktobra
ménesa lidz pat 2019. g. julija ménesim. Jalija nolija salidzinosi liels nokri$nu
daudzums, kas tomér bija tikai nedaudz augstaks par julija ilggadigi noveroto.
Gaisa temperatiiras bija mérenas lidz 2019.g. janvarim, péc tam tas
paaugstingjas un junija tika novérots ekstremals karstums, bet par¢jos vasaras
ménesos temperatiiras bija mérenas, lai gan nedaudz siltakas par normu.

2019./2020. gads no pargjiem at$kiras ar siltakiem un nokri$niem bagatiem
rudens ménesiem. Nokrisnu daudzums 2019. gada rudeni bija 2.4 reizes lielaks
neka ilggadigi novérots. Ziemas periods bija ar paaugstinatu gaisa temperatiiru,
neviena no ménesiem vid€ja temperatiira nenoslidéja zem 0 °C. Pavasari un
vasara gaisa temperatiiras bija mérenas, tomer jinijs bija karstaks par normu.
Nokrisnu daudzums no aprila 1idz junija vidum bija nepietickams kultGraugu
razas veidoSanai, tomér jlinija beigas atnesa ekStremalu nokri$nu daudzumu, kura
ietekmé€ ziemas kvieSu lauki saveldrgjas.

Meteorologisko apstaklu ietekme uz augu augSanu un attistibu tika vertéta,
izmantojot hidrotermisko koeficientu (HTK). Tas parada attiecibu starp
nokri$nu daudzumu (reizinatu ar 10) un temperatiru summu (>10 °C) vértétaja
perioda. Nokri$nu un temperatirtu summu attieciba ir optimala, ja HTK ir no
1-2 (>2 parmitrs, <1 parak sauss).
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REZULTATI

Ziemas kvieSu augSana un attistiba, raZas veidoSanas
un kvalitate

Ziemas kvieSu sEja optimala s€jas laika veikta 2016. gada (10.09.) un
2019. gada (19.09.). Novelots sgjas laiks bija 2017. gada (30.09.), kad s&ju
aizkavéja bieZzais nokriSnu daudzums augusta un septembri. Savukart,
2018. gada sgjas termin§ bija agrs (06.09.), kas skaidrojams ar sauso un karsto
vasaru, kad agri tika novakti priekSaugi, ka arT 5. septembri bija nedaudz
nokri$nu. Nemot vera agro s€jas terminu, ziemas kvieSu izs€jas norma tika
samazinata par 50 digtsp&jigam seéklam m, salidzinot ar iepriek3gjiem gadiem,
lai neveidotos sabiezinats s€jums. Péc ilgsto$a sausuma vasara, kas diemzel
turpinajas ari septembri, ziemas kvieSu sadigS8ana 2018. gada rudeni notika
nevienmerigi.

Mitruma nodro§inajums augsné ziemas kvie$u digSanas laika 2017. gada bija
pietiekams, kas sekmgja salidzino$i strauju sadigSanu; digSanas sakums fikséts
13. diena péc s€jas. Pirmaja uzskaites reizg lielaks sadiguso augu skaits (p=0.06)
bija tradicionalas augsnes apstrades sistéma (laukdidziba 56.3%), bet reducétas
augsnes apstrades varianta laukdidziba bija 46.2%. P&c pedgjas laukdidzibas
uzskaites datiem, butiskas atSkirbas kvieSu laukdidziba atkariba no augsnes
apstrades sist€mas netika konstatétas (p=0.66). P&d&ja uzskaité laukdidziba bija
loti augsta: TA 98.3%, bet RA — 96.4%. PriekSauga ietekme uz laukdidzibu
netika noverota. Straujakais digstu skaita pieaugums notika laika no pirmas lidz
otrajai uzskaites reizei (skat. 3. att.).
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e 20
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1 2 3 4 5 Pedaja
—8— 2017 TA/CT — @ 2017 RA/RT uzskaites

—e—2018 TA/CT —®— 2018 RA/RT rilgi n/t#z;t
—@==2019 TA/CT = @ 2019 RA/RT
3. att. Ziemas kvieSu digsanas dinamika no digstu paradiSanas piecas
uzskaites reizes ik péc divam dienam un pédéja uzskaites reize /
Fig. 3. The dynamics of winter wheat field germination from the emergence of

first sprouts and after every two days till full field germination
TA / CT — tradicionala augsnes apstrade / conventional tillage, RA / RT — reducéta augsnes apstrade
/ reduced tillage; 1, 2, 3, 4, 5 — uzskaites reizes / accounting times
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Mitruma nodro$inajums 2018. gada septembri bija pretSjs ieprieks&jam
rudenim, un kvieSu digsana bija aizkav€jusies sausuma iespaida, un ta norit&ja
nevienmérigi. Pirma laukdidzibas uzskaite tika veikta 21. diena p&c sgjas, kad
RA varianta paradijas pirmie digsti, un laukdidziba butiski at$kiras atkariba no
augsnes apstrades variantiem (p=0.0007), augstaka ta bija RA varianta. Netika
konstatéta butiska (p=0.65) augu mainas Varianta ietekme, tomer, atseviski
analiz€jot augu mainas ietekmi RA varianta, bija noveérojams, ka augstaka
laukdidziba ped&ja uzskaites reiz€ bija atkartotos kviesu s€jumos (38.7% pirmaja
uzskaites reize, un 84.1% p&dg&ja uzskaites reize), kas varétu biit skaidrojams ar
izbiruSo graudu sadigSanu atkartotajos s€jumos. P&dgja digstu uzskaites reize
konstatéta bitiski (p=0.02) augstaka laukdidziba RA varianta — 72.0%, salidzinot
ar TA — 52.5%. Analizgjot digsanas dinamiku (skat. 3. att.) 2018. gada, jasecina,
ka, neskatoties uz straujaku digstu skaita picaugumu TA varianta piecas
kopigajas uzskaites reizes, laukdidziba TA varianta arT pedgja uzskaite bija zema.

Ar optimaliem meteorologiskajiem apstakliem ziemas kvieSu sadig$anai
raksturojas 2019. gads, un digSana noritgja vienmeérigi. DigSanas sakums
atziméts 12. diena péc s€jas. Pirmaja laukdidzibas uzskaité augstaka laukdidziba
konstateéta RA varianta neka TA varianta (p=0.06) (skat. 3. att.). P&dgja
laukdidzibas uzskaite biitiskas atskiribas atkariba no augsnes apstrades varianta
netika konstatgtas, un laukdidziba kopuma bija loti augsta — 98.9% TA un 96.4%
RA. Augu mainas ietekme uz laukdidzibu netika konstatéta ne pirmaja (p=0.21),
ne nosleédzos$aja uzskaite (p=0.14).

Straujakais digSanas temps noverots 2017. gada TA varianta un 2019. g. RA
varianta, kad jau treSaja uzskaites reizé laukdidziba parsniedza 90%. Augu
mainas ietekme uz laukdidzibu netika konstat&ta neviena no gadiem.

Ziemcietiba visos pétijuma gados bija augsta un noveértéta ar 9 ballem.

Vegetacijas atjaunoSanas laiks pavasari atskiras atkariba no pétijuma gada;
2019. un 2020. gada pavasari vegetacija atjaunojas marta II dekade, 2017. gada
aprila IT dekadg, un 2018. gada — aprila I dekadg.

Vegetacijas perioda garums 2017. un 2020. gada bija attiecigi 214 un
215 dienas. Isakie vegetacijas periodi bija 2018. un 2019. gada — attiecigi 204 un
206 dienas. Sie vegetacijas periodi raksturojas ar paaugstinataim gaisa
temperatiram un pazeminatu nokri$nu daudzumu, kas veicinaja straujaku augu
attistibu un nobriesanu.

Izturiba pret veldri tris no ¢etram pétijuma sezonam bija augsta — noveértéta
ar 9 ballem, iznémums bija 2020. gada vasara, kad sp&cigas lietavas janija beigas
veicingja ziemas kvie$u veldré$anos. Vidgjais izturibas pret veldri vert&jums $aja
sezona bija 6.4 balles. Veldre neskara kvieSu bezmainas s€jumus RA varianta
(izturibas pret veldri 9.0 balles). Ar vid&jo vértéjumu 7.0 balles novértéti varianti
“67% kviesi” abos augsnes apstrades variantos un “25% kviesi” RA. Izturiba pret
veldri augu maina “25% kviesi” TA varianta bija 5.6 balles. Viszemaka veldres
noturiba bija kviesu bezmainas sgjumos (100% kviesu) TA varianta — 2.5 balles.
Konstatéta augsnes apstrades varianta butiska (p<0.001) ietekme uz ziemas
kviesu izturibu pret veldri: TA vidgji 5.1 balles, bet RA — 7.7 balles. Konstat&ja
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cieSu pozitivu sakaribu starp izturibu pret veldri un 1000 graudu masu
(r=0.686>r0,05=0.404, n=24). Analizgjot augu biezibas un izturibas pret veldri
savstarpgjo sakaribu 2020. gada, augstakais produktivo stiebru skaits
(835 gab. m™) bija izméginajuma lauka, kura kviesu izturiba pret veldri noverteta
ar 1 balli — TA variants, “100% kviesi”).

Ziemas kvieSu graudu raZu pétijuma batiski ietekmg&ja apstakli pétijjuma
sezona (p<0.001) un augu mainas variants (<0.001), bet raZiba bitiski neatskiras
starp pétitajiem augsnes apstrades variantiem (p=0.33) (skat. 2. tab.).

2. tabula/ Table 2
Ziemas kvieSu videja graudu raza (t ha') 2017.-2020. gada atkariba no
augsnes apstrades sistémas un augu mainas varianta /
Average winter wheat grain yield (t hat) depending on soil tillage system
and crop rotation in 2017-2020

Augsnes apstrade / Augu maina /
Soil tillage Crop rotation -
Gads / Year 100% 67% 2% | vadi]
TA/CT | RA/RT kviesi / kviesi / kviesi / g
wheat wheat wheat
2017 6.87¢ 7.48P 6.38°2 7.082 8.06° 7.178
2018 6.242 6.112 5.232 6.65° - 6.184
2019 5.702 5.662 4,932 5.46° 6.64¢ 5.687
2020 6.302 6.16° 6.062 6.22% 6.41° 6.234
P 6.28° | 635% | 539 6.408 | 6.77° x
verage
p-vertiba / 0.33 <0.001 p<0.001
p-value

AB _ biitiskas atikiribas starp vidgjam vértibam pétama faktora ietvaros visa pétijuma perioda; *° —
ar mazajiem alfabéta burtiem augsraksta apzimétas butiskas atSkiribas starp vid&jam veértitbam
pétama faktora ietvaros katra izméginajuma gada; TA — tradicionala augsnes apstrade; RA — reducéta
augsnes apstrade; 100% kviesi — kvieSu bezmainas sgjumi, 67% kviesi — kviesi augu maina ar rapsi
(rapsis-ziemas kviesi-ziemas kviesi), 25% kviesi — Cetru dazadu kultiiraugu maina (lauka pupas—
ziemas kviesi-ziemas rapsis—vasaras miezi) / ~8 — significant differences between the average values
over the entire research period ; ° — significant differences between the average values within the
studied factors in each year of the trial; CT — conventional tillage; RT — reduced tillage; 100% wheat
— repeated wheat; 67% wheat — wheat in crop rotation with oilseed rape (oilseed rape- wheat-
wheat), 25% wheat — four different crop rotation (field beans-wheat-oilseed rape-spring barley)

Izméginajuma konstat&ja butisku mijiedarbibas efektu starp katriem diviem
petitajiem faktoriem uz ziemas kvieSu razu (augsnes apstrades sistéma x augu
maina, p<0.001; augsnes apstrades sistéma x gads, p<0.001; augu maina x gads,
p=0.01). Augstakas razas iegitas 2017.gada, kur§ raksturojas ar
piem@rotakajiem mitruma un temperatiiras apstakliem. Aritmétiski zemaka
vid€ja raza starp pétijjuma gadiem iegiita 2019. gada.

Vidgja ziemas kvieSu raza, audzgjot tos bezmainas s€jumos, p&tijuma perioda
bija 5.39 t ha'l, kas bija biitiski zemaka (p<0.001), neka audz&jot augu maina
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“67% kviesi”) (videja raza — 6.40 t hat) vai “25% kviesi” (vid. — 6.77 t ha'l).
Kvie$u razas, audz&jot tos augu maina ar citiem kultiiraugiem, bija stabili
augstakas, neka ilgstosos kviesu bezmainas sg¢jumos.

Analizgjot augu mainas ieklauto ziemas kviesu priekSaugu ietekmi uz vidgjo
razu (4. att.), variantos, kur prieckSaugs bija citas sugas augs, razas visos gados
un variantos bija augstakas. Vertgjot kvieSu razu katra no pétijjuma gadiem,
pastavéja atSkiribas priekSauga ietekmei uz kviesu razu.

Raza, t hal/
Yield, t ha!

w h~ OO N 00 ©

Vidgji / 2017 2018 2019 2020
Average

Bkviesi / wheat Br-kviesi / or-wheat Orapsis / oilseed rape B pupas / field beans

4. att. Ziemas kvieSu graudu raza (t ha') atkariba
no prieksauga 2017.-2020. gada /
Fig. 4. Winter wheat grain yield (t ha) depending on
the forecrop in 2017-2020
ab_ ar atskirigiem burtiem apzimétas biitiskas atskiribas (p<0.001) gada ietvaros; r-kviesi —
priekSaugs ziemas kviesi, kuri audzeti péc rapsa. PriekSaugi pétijuma gados analizgti atbilstosi
izmé&ginajuma planam / ° — significant differences are marked within each year with different
letters (p<0.001); or-wheat — forcrop winter wheat, which was grown after oilseed rape. Forecrops
in the years of the study were analyzed according to the trial plan

Rapsa ka priekSauga pozitiva ietekme uz ziemas kvieSu razu saglabajas
vismaz divus gadus. legltie rezultati apstiprina augu daudzveidibas pozitivo
ietekmi uz ziemas kvieSu razas veidosanos.

Augstakas razas kviesu bezmainas s€jumos bijusas, izmantojot TA (iznemot
2017. gadu). Izmantojot reducéto augsnes apstradi, augstakas kviesu razas bija
variantos ar priekSaugu rapsi vai lauka pupam.

Vidgja kviesSu salmu raza pé&tijuma perioda, Iidzigi ka graudu raza, butiski
neat$kiras atkariba no augsnes apstrades sistemas (p=0.087), tomer butiski
augstaka ziemas kvieSu salmu raza bijusi 2017. gada RA varianta. Vidgja salmu
raZa augu maina “25% kviesi” (8.66 t ha?) bija biitiski augstaka (p<0.001) neka
abos pargjos pétitajos augu mainas variantos (“67% kvie$i” — 6.49 t ha’;
“25% kviesi” —7.21 t hal). Augstaka salmu raza iegiita 2017. gada (9.27 t ha'l),
kad tika iegtitas arT augstakas graudu razas. Zemakais salmu razu Iimenis bija
2018. gada (5.93 t ha?) un 2019. gada (5.74 t ha?).
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Ziemas kvieSu salmu razas atkariba no pétitajiem priekSaugiem bijuSas
butiski augstakas, ja prickSaugi bija rapsis vai pupas, bet butiski zemakas, ja
priekSaugs bija kviesi (p<0.001) (skat. 5. att.).
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vidgji 2017 2018 2019 2020

Ekviesi / wheat Br-kviesi / or-wheat O rapsis / oilseed rape B pupas / field beans

5. att. Ziemas kvieSu salmu raZa (t ha') atkariba no priek$auga /

Fig. 5. Winter wheat straw yield (t ha'!) depending on the forcrop
ab _ atskirigi burti katra gada / laika perioda ietvaros apzimé biitiskas atskirbas (p<0.001);
r-kviesi — priekSaugs ziemas kviesi, kuri audzeti péc rapsa. Prieksaugi p&tijuma gados analizti
atbilstosi izmé&ginajuma planam /Significant differences are marked within each year / time period
with different letters (p<0.001) — &°; or-wheat — forcrop winter wheat, which was grown after
oilseed rape. Forecrops in the years of the study were analyzed according to the trial plan

Ziemas kvieSu razas indekss (RI) bija mainigs pa pétjjuma gadiem (p<0.001),
bet biitiski neat$kiras atkariba no pétitajiem augu mainas un augsnes apstrades
variantiem. Augstakais razas indekss bija 2018. un 2019. gada (0.51 un 0.50
atbilstosi), kas raksturojas ar zemakam razam un vizuali tika nov@rots Tss augu
garums, kas attiecigi samazindja salmu masu un palielindja graudu ipatsvaru
kopgja biomasa.

PriekSaugam bija bitiska ietekme (p=0.0007) uz razas indeksa vértibu.
Rezultati uzradija, ka augstakais razas indekss bijis variantos, kur priekSaugs
bijis kviesi (“100% kviesi” — 0.47, un “67% kviesi” (priekSaugs kviesi péc rapsa)
—0.50), bet zemakais — variantos, kur priekSaugs bija lauka pupas un rapsis (0.46
un 0.45). P&c iegiitajiem rezultatiem apstiprinas, ka augstaka biomasas raza (tai
skaita, lielaka salmu masa, ko veido zalas vegetativas augu dalas) nodroSinaja
augstakas ziemas kvieSu graudu razas. Salmu raza biitiski cieSi negativi korelgja
ar razas indeksu (r=1-0.8261>r05=0.196, n=96).

Ziemas kvieSu razas stuktiirelementu (produktivo stiebru skaits, graudu skaits
varpa un 1000 graudu masa) vertibas butiski atskiras atkariba no prieksaugiem
augu maind un vegetacijas sezonam, bet augsnes apstrades sist€mas ietekme
netika konstatéta (3. tabula).
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3. tabula/ Table 3
Ziemas kvieSu razas struktiirelementu vértibas
atkariba no priek$augiem 2017.-2020. gada /
The values of winter wheat yield components depending on the
forecrop in crop rotation in 2017-2020

Produktivo stiebru | Graudu skaits 1000 graudu
skaits, gab. m2/ varpa, gab. / masa, g /
Faktors / Factor Numberg of spikes NEpmbgr of 1000 gr%in
m2 grains per spike weight, g
Priek$augs / Forecrop
kviesi / wheat 526.6°8 29.6~ 42.5%
r-kviesi / or - wheat 445,94 32.88 43.778
rapsis / oilseed rape 583.28 28.6" 43.978
lauka pupas / field beans 592.18 31.0° 45,28
p-vértiba / p-value 0.002 0.040 <0.001
Gads / Year
2017 558.18 26.4A 46.18
2018 530.18 32.28 41.84
2019 401.94 34.18 45.28
2020 684.7¢ 28.17 41.7A
p-vértiba / p-value <0.001 <0.001 <0.001

ABC _ ar dazadiem lielajiem burtiem augsraksta apzimatas biitiskas atskiribas starp vidgjam vértibam

faktoru ietvaros; r-kviesi — priek3augs ziemas kviesi, kuri audzeti péc rapsa / ~BC — different capital
letters in the superscript indicate significant differences between mean values within factors; or-
wheat — forecrop winter wheat, which was grown after oilseed rape

Vidgjais produktivo stiebru skaits butiski zemakais bija 2019. gada
(401.9 gab. m?), ko ietekmé&ja nepietickamais nokrisnu daudzums 2018. gada
vasara un rudeni, kas savukart ietekmgja augu sadigSanu. Zemakais produktivo
stiebru skaits iegiits augu maina, kur ziemas kvie$u priekSaugs bija kviesi (r-
kviesi), audzgjot tos augu maina “67% kviesi” (3. tab.), tomer $aja varianta dati
iegati tikai 2018. un 2019. gada, kuri izc€las ar ekstremalo sausumu, tadgjadi
pasliktinot arT kop€jo vidg€jo raditaju.

Graudu skaits ziemas kvieSu varpa bitiski atSkiras atkariba no pétijjuma
gadiem (p<0.001) un ari atkariba no priekSaugiem augu maina (p=0.04)
(skat. 3. tab.). Augstakais graudu skaits bija augu maina “67% kvie$i”, ar
priekSaugu — kviesi péc rapsa, un augu maina “25% kviesi”’. Augstais graudu
skaits varpa péc rapsa ka priekSauga, var bat skaidrojams ar datiem, kuri iegati
gados, kad bija zemakais produktivo stiebru skaits $aja varianta (2018., 2019. g.).
Konstatgta biitiska (p<0.001) negativa sakariba starp produktivo stiebru skaitu
un graudu skaitu varpa(r=I-0.4801>r;05=0.200; n=96).

P&tijuma perioda augstaka vidgja 1000 graudu masa tika iegtita 2017. gada
(46.1 g) un 2019. gada (45.2 g), kas bija butiski augstaka salidzinajuma ar
vertibam 2018. un 2020. gada (41.8 un 41.7 g, atbilstosi) (3. tab.). Augstaku
1000 graudu masu 2017. gada bija iesp&jams iegiit, jo HTK svarigos attistibas
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etapos (sakot no varposanas lidz novaksanas gatavibai) bija optimalajas robezas,
savukart 2019. gada augstaka 1000 graudu masa vargja veidoties samazinata
produktivo stiebru skaita (vid. 401.9 gab. m™) d&l, neskatoties uz to, ka katra
individuala varpa bija produktivaka neka pargjos pétijuma gados. Turpretim,
2018. gada 1000 graudu masas zemais raditajs vargja veidoties nepietiekama
mitruma nodroSingjuma iespaida (HTK perioda no stiebroSanas sakuma lidz
novaksanas gatavibai bija <0.5). Savukart, 2020. gada zemo vid&jo 1000 graudu
masu ietekmg€ja augu veldréSanas, kas trauc€ja graudu pilnvertigu pildisanos, ka
arT $aja gada bija augstakais vidgjais produktivo stiebru skaits 1 m? P&tjuma
perioda vidgja 1000 graudu masa bijusi augstaka, audzgjot kvieSus augu maina
“25% kviesi” (45.2 g), bet biitiski zemaka — kvieSu bezmainas s€jumos (42.5 g).
Pastavgja butiska (p=0.0002) sakariba starp izturibu pret veldri ballés un
1000 graudu masu 2020. gada.

Netika konstatéta augsnes apstrades sistémas un augu mainas varianta
ietekme uz pétitajiem kvalitates raditajiem (proteina, lipekla un cietes saturs, %;
Zeleny indekss, krisanas skaitlis, s; tilpummasa, kg hL™?), tomeér atseviski vertetie
kvalitates raditaji atSkiras atkariba no priekSauga augu maina, ka art visi raditaji
butiski at8kiras atkariba no pétijuma sezonam (skat. 4. tab.).

ProteTna saturs (%) butiski atskiras atkarba no pétfjuma sezonas (p<0.001)
(4. tab.), vidgji augstakais tas bija 2019. gada — 13.8%, bet zemakais
2018. gada — 10.2%.

4. tabula / Table 4
Pétito faktoru ietekme (p-vértiba) uz ziemas kvieSu
graudu kvalitates raditaju videjam vertibam /
Impact of the of the studied factors (p-value) on the average values
of winter wheat grain quality indicators

PS/ | CS/SC, | LS/GC, KS/EN, | TM/VW,
Faktors / Factor CP. % % % VAWWA s kg hL!
Augsnes apstrade /| g5 | (819 0.725 0.724 0.468 0.677
Soil tillage
Augu maina / Crop
rotation 0.299 0.327 0.199 0.125 0.858 0.270
Ilz“eksa“gs / 0.394 0.019 0.052 0.040 0.956 0.447
orecrop
Gads / Year <0.001 <0.001 <0.001 <0.001 0.018 <0.001

PS — proteina saturs, CS — cietes saturs, LS — lipekla saturs, ZI — Zeleny indekss, KS — krisanas
skaitlis, TM — tilpummasa; treknraksta izceltas p-vertibas, kuras norada uz bitisku faktora ietekmi /
CP —crude protein content, SC - starch content, GC - gluten content, ZI — Zeleny index, FN — falling
number, VW — volume weight; p-values that indicate a significant factor effect are highlighted in
bold.

Lipekla saturs (%) starp visiem pétijuma gadiem butiski atSkiras, un
augstakais tas bija 2019. gada — 29.7%, sekojosi 2020. gada — 22.8%, 2017. gada
—20.9% un 2018. gada —18.5%. Augstakais lipekla saturs bija augu maina
“25% kviesu”.
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Zeleny indeksa augstaka vértiba 1idzigi ka proteina saturs bija 2019. gada —
51.7, bet zemakais — 2018. gada — 22.8. Analizgjot katru p&tijuma gadu atseviski,
noskaidrots, ka Zeleny indeksa vértibas butiski atSkiras atkariba no augsnes
apstrades varianta 2017. un 2020. gada: RA varianta augstaks Zeleny indekss
bija 2017. gada, bet TA — 2020. gada.

Tilpummasas (kg hL™) augstaka videja vertiba bija 2017. gada
(81.3 kg hL?), zemaka — 2020. gada (74.2 kg hL?), un pastavéja bitiskas
at8kiribas starp visiem izm&ginajuma gados iegiitajiem tilpummasas liclumiem.
Analizgjot katru petfjuma gadu atseviski, noskaidrots, ka augu maina ka faktors
butiski ietekm&jusi graudu tilpummasu katra petijuma gada atseviski, neskatoties
uz to, ka vidéjam vertibam augu mainas varianta ietekme nepieradijas. Visos
pétijuma gados, iznemot 2017. gadu, augu maina “100% kviesi” iegiita
tilpummasa bija zemaka, bet augu maina “25% kviesi” — augstaka, ka ar1 butiski
augstaka neka varianta “100% kviesi”.

KriSanas skaitlis (s) visa pétijjuma laika bija augsts, vid¢jais raditajs starp
pétijuma sezonam bija no 329-346 s. Novérotas butiskas (p=0.018) atskiribas
atkariba no pétijuma gadiem (4. tab.), bet skaitliski starpiba veidoja tikai 17 s,
kas nav uzskatama par agronomiski nozimigu pie augstam kriSanas skaitla
vertibam.

Cietes saturs (%) batiski (p=0.019) atskiras atkariba no priekSauga augu
maina (Skat. 4. tab.). Cietes satura izmainas kvieSu graudos var bt saistitas ar
proteina satura atSkirtbam kvieSu graudos atkariba no augu mainu variantiem
Vidgjas cietes satura vértibas atkariba no priekSauga vari€ja vien 1.3% robezas
(68.7%—70.0%).

Ziemas kvieSu graudu kvalitate 2017., 2018. un 2020. gada vairuma variantu
atbilda izmantoS$anai lopbariba (skatit 5. tab.). Vienigi 2019. gada atbilstosi
LPKS “Latraps” iepirkuma prasibam visos variantos iegiiti partikas kvalitates
graudi.

Analizgjot katru gadu atseviski, noskaidrots, ka 2017. gada partikas kvalitates
graudi iegiiti varianta “100% kviesi, RA”, limitgjosie raditaji — proteina un
lipekla saturs. Savukart, 2018. gada partikas kvalitatei atbilda varianta “67%
kviesi, RA” iegiitie graudi péc rapsa ka prieksauga, limitgjosais raditajs — lipekla
saturs. Augstakas kvalitates graudi tika iegliti 2019. gada, atbilstibu graudu
kvalitates grupai limit€ja tilpummasas raditajs. Atbilstibu kvalitates grupam
2020. gada limiteja atSkirigi kvalitates raditaji, bet iegiitie graudi atbilda
lopbaribas kvalitates grupai, iznemot variantu “25% kviesi, TA”.
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5. tabula/ Table 5
Ziemas kvieSu graudu kvalitates atbilstiba
LPKS “Latraps” prasibam 2022. gada /
Compliance of winter wheat grain quality with
LPKS “Latraps” requirements in 2022

Augsnes Gads / Year
Augu mainas variants un priekSaugs / | apstrade /
Crop rotation and forecrop Soail 2017 | 2018 | 2019 | 2020
tillage

o - TA L L Bl L
100% kviesi / 100% wheat RA B3 i Bl L
67% kviesi, pricksaugs kviesi / TA - L B1 -
67% wheat, forecrop - wheat RA - L A3 -
67% kviesi, prickSaugs rapsis / TA L B5 - L
67% wheat, forecrop — oilseed rape RA L L - L
25% kviesi, priekSaugs lauka pupas/ TA L - Bl B3
25% wheat, forecrop — field beans RA L - A3 L

TA — tradicionala augsnes apstrades sistema; RA — reducéta augsnes apstrades sistéma. L — kviesu
lopbaribas kvalitates grupa; A3, B1, B3, B5 — kvieSu graudu partikas kvalitates grupas / CT —
conventional tillage, RT — reduced tillage, L — feed quality group for wheat grain, A3, B1, B3, B5 —
food quality groups for wheat

Atbilstibu lopbaribas kvalitates grupai lielakaja dala variantu 2020. gada
ietekmgja zemais lipekla satura raditajs, izn€émums bija variants “100% kviesi,
TA”, kur tika ieguti siki graudi ar zemu tilpummasu, jo laukus skara veldre
graudu pildiSanas laika.

Paréjo pétito kultiiraugu razas un kvalitates veidoSanas

Ziemas rapsa séklu raza pétijjuma laika no 2017. lidz 2020. gadam butiski
atskiras atkariba no pétijuma sezonam (p<0.001), bet netika noverotas atskiribas
starp razibu pétitajas augsnes apstrades sist€tmas (p=0.81) vai augu mainas
variantos (p=0.278), kuros rapsis audz&ts p&tijuma laika.

Razu atSkiribas pétjjuma gados var skaidrot ar meteorologiskajiem
apstakliem pétljuma sezonas, bet ta ka katra petjjuma gada tika audzetas dazadas
Skirnes, tad ari starp Skirpu sp&ju nodrosinat razu konkrétos apstaklos vargja
pastavet biitiskas atSkiribas. Augstaka rapSa raza ieglita 2020. gada 3.95 t ha',

Rapsa razas indekss bija zemakais starp visiem augu mainas audzetajiem
kulttraugiem, vidgji — 0.3. Razas indekss nebija biitiski atSkirigs atkariba no
pielietotajam augsnes apstrades sisttmam, bet bija mainigs pa pétijuma gadiem.
Razas indekss var€tu atSkirties arT izmantoto dazado Skirnu dg], lai arT Skirpu
raksturojumos netika atrasts, ka kada no skirném biitu ar pundurainibas génu.
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Ziemas rap$a augu skaits m2 pétijuma perioda matematiski bitiski atSkiras
atkariba no augsnes apstrades sistémas (p=0.003), atSkiribas nepieradijas
vidgjam augu skaitam atkariba no pétfjuma sezonam (p=0.347) un augu mainas
varianta (p=0.165) (skat. 6. tab.). Salidzinot augsnes apstrades variantus,
konstatets, ka buatiski augstaks augu skaits izm&gindjuma perioda bijis,
izmantojot TA (41.6 gab. m?) salidzinajuma ar RA (32.2 gab. m™) variantu.

6. tabula / Table 6
Atseviski ziemas rapsa razas struktiirelementi
un kvalitates raditaji 2017.-2020. gada /
Some yield components and quality indices of winter oilseed rape 2017-2020

. 1000 - Ellas
Auguskalts | gy | TIRUM s
Faktors / Factors Numbe-r of masa / Volume Oil
spikes m? 1000 seed weight, g L1 content,
weight, g ' %
Augsnes apstrade / Soil tillage
Tradicionala / conventional 41.68 5.06~ 665.1~ 42.87
Reducéta / reduced 32.2A 5117 668.1° 42.47
p-vértiba / p-value 0.003 0.712 0.573 0.219
Augu maina / Crop rotation
67% kviesi / wheat 40.17 5.21A 672.7A 41.94
25% kviesi / wheat 33.4° 4.99A 661.8~ 43.17
p-vértiba / p-value 0.165 0.410 0.092 0.721
Gads / Year
2017 35.44 5.338 656.58 43.08
2018 34.04 4.304 637.4° 46.2¢
2019 4437 5.158 692.3¢ 42.68
2020 36.7A 5.248 685.3¢ 40.34
p-vértiba / p-value 0.347 <0.001 <0.001 <0.001
ABC

— ar dazadiem burtiem apzim&tas biitiskas atSkiribas starp raditajiem faktora ietvaros/ B¢ — with
different letters significant differences are indicated for the indices within the studied factors

Raps$a 1000 seklu masa izm€ginajuma butiski atskiras atkariba no pétijjuma
sezonas (p<0.001), ko vargja ietekmét gan atskirigie meteorologiskie apstakli,
gan tas, ka lietoja atSkirigas Skirnes, bet augsnes apstrades variants un augu
maina to nebija ietekmgusi batiski (p=0.712 un p=0.406, atbilstosi)
(skat. 6. tab.).

Ziemas rap$a tilpummasa (Skat. 6. tab.) butiski at§kiras atkariba no petijuma
gada (p<0.001), ta bija no 637.4 kg hL* 2018. gada (iegiita zemaka 1000 sgklu
masa), [idz 692.3 kg hL? (2019. gada), atkirigas iegiitas tilpummasas ar1 varétu
bit gan Skirnu genétisko 1pasibu, gan ari gada apstak]u ietekmétas.

Ellas saturs ziemas rapsa seklas visos variantos parsniedza pienemto ellas
bazes saturu un bija virs 40% (6. tab.).
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Starp rapsa seklu kvalitates raditajiem pastaveja butiskas sakaribas. Seklas ar
augstaku 1000 s€klu masu bija koncentréjies zemaks ellas saturs
(r=1-0.5931>1005=0.292, n=0.44), bet s€klam ar augstaku ellas saturu bija
augstaka energétiska vertiba (r=0.792>r¢05=0.292, n=0.44).

Promocijas darba pétijuma neizdevas pieradit bitiskas rap$a razas atskiribas
atkariba no ta s€Sanas biezuma augu maina — reizi tris gados, ja starpaugs divus
gadus ir kviesi, vai reizi Cetros gados, ja starpaugi bija divas labibu sugas un
paksaugs. P&tjjuma periods bija parak Tss, un dazi gadi bija loti netipiski
meteorologisko apstaklu zina.

Vasaras mieZu graudu razas limeni pétfjuma laika batiski ietekmégja
izm&ginajumu sezona (p<0.001), un noverota tendence ari augsnes apstrades
sisttmas ietekmei uz razas apjomu (p=0.07) (skat. 6. att.). Augstakas razas
iegiitas 2017. gada (6.41 t hal), kur§ raksturojas ar optimalakiem mitruma un
temperatiiras apstakliem. Zemaka videja raza iegiita 2018. gada (3.08 t ha'*), kad
bija zems nokri$nu daudzums agrinas miezu augSanas un attistibas fazes, tadejadi
kavgjot un traucgjot digsanu, ari stiebrosanas un graudu pildisanas laika nokrisnu
bija maz, kas kopa samazinaja razu. Vidgjais razas ltmenis, kur$ biitiski atskiras
no augstaka un zemaka, iegiits 2019. gada (4.76 t hal).

6.41¢
5.00% 4.768

Raza, t hat
Yield, t hat

o N B OO

2019

tradicionala/ reducéta/ 2017 2018

conventional reduced

Augsnes apstrade / Soil Gads / Year, p<0.001
tillage, p=0.07
6. att. Vasaras miezu raza (t ha') atkariba no augsnes apstrades sistémas
un pétijuma gada 2017.— 2019. g. /

Fig 6. Spring barley yield (t ha) depending on the soil tillage system and study

year 2017— 2019

— ar dazadiem burtiem auggraksta apzimétas biitiskas atskiribas faktora ietvaros/
ABC (different letters in the superscript indicate significant differences within the studied factors

AB,C

Razas atSkiribas atkariba no augsnes apstrades variantiem 2018. gada
sasniedza 0.98 t ha! (TA 2.59 t ha'; RA 3.57 t hal). Liela razas starpiba
skaidrojama ar to, ka sausaja 2018. gada pavasarT RA varianta augiem,
iesp&jams, bija pieejams vairak mitruma, kas bija svarigi varpas veidoSanas laika,
kad formg@jas graudu skaits. Lai arT iegiitie rezultati norada uz iesp&ju mazinat
augsnes apstrades intensifikaciju vasaras mieziem, tomér janem veéra, ka vidgjas

30



razas atSkiribas atkariba no pétijuma ieklautajiem augsnes apstrades variantiem
galvenokart nodrosinaja liela un bitiska razu diference tiesi sausaja 2018. gada.

Vasaras miezu razas indekss pétijuma perioda bija vidgji 0.43. Razas indekss
petijuma laika butiski atSkiras atkariba no pétfjjuma sezonam (p<0.002).
Augstakais razas indekss bija 2017. gada — 0.46, un bitiski zemaks — 2018. un
2019. gada (0.42 un 0.41, atbilstosi).

Vasaras miezu razas struktirelementu véertibas bitiski atSkiras starp
vegetacijas sezonam (7. tab.), bet neviens no raditdjiem biutiski neatSkiras
atkariba no augsnes apstrades sistmam ne vidgji visa perioda, ne katra atseviska
gada ietvaros.

7. tabula/ Table 7
Vasaras miezu razas struktiirelementu vértibas 2017.-2019. gada /
Spring barley yield components in 2017-2019

Gads / P_rodukﬁvo stiebrL_l Graudu skait_s varpa, 1000 grau_du m_asa/

Year skal_ts m~2/ Productive gap. / Grain per 1000 grain weight,
spikes m2, p<0.001 spike, p<0.001 g, p<0.001

2017 7648 16.248 51.67

2018 5264 16.04 51.9A

2019 5674 17.18 57.58

AB _ ar dazadiem lielajiem burtiem augsraksta apzimétas biitiskas atkiribas atkariba no augsnes
apstrades sistémam katra izm&gindjuma gada / *®— different capital letters in the superscript indicate
significant differences depending on trial year

Ciesa pozitiva sakariba vasaras miezu razai ar produktivo stiebru skaitu
konstatéta 2017. gada (r=0.766>10,05=0.707, n=8), bet 2018. gada razas lieclumam
bija butiska pozitiva sakariba ar graudu skaitu varpa (r=0.757>10.05=0.707, n=8);

Graudu kvalitates raditaji (proteina saturs, tilpummasa, cietes saturs) butiski
atskiras atkariba no pétijuma sezonam (abiem p<0.001), bet tie nebija butiski
atSkirigi atkariba no pétitajiem augsnes apstrades variantiem (tilpummasai
p=0.830; proteina saturam p=0.383, cietes saturam p=0.169) (skat. 8. tab.).

8. tabula / Table 8
Vasaras mieZu graudu kvalitates raditaji 2017.-2019. gada /
Spring barley grain quality indicators in 2017-2019

Tilpummasa / Proteina saturs / Cietes saturs /
Gads / Year Volume weight, Protein content, Starch content,
kg hL, p<0.001 %, p=0.032 %, p<0.001
2017 61.18 10.64 62.1¢
2018 59.88 13.1B 60.58
2019 57.4° 13.48 59.7A

ABC _ ar dazadiem lielajiem burtiem augsraksta apzimétas butiskas atSkiribas atkariba no

izmé&ginajuma gada / B different capital letters in the superscript indicate significant differences
depending on trial year
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Razas apjomam ar protena saturu konstatéta cieSa negativa sakariba visa
pétijuma perioda (r=I-0.807I>ro05=0.404, n=24). Cietes saturam pastavéja
negativa cieSa sakariba ar proteina daudzumu graudos (r=[-0.932|>r¢05=0.404,
n=24), bet pozitiva cieSa sakariba ar graudu tilpummasu (r=0.834>ry05=0.404,
n=24). Cietes saturu bitiski ictekm&ja mijiedarbiba augsnes apstrades sistémai x
gadam (p=0.0001).

Lauka pupu raza 2018.-2020. g. bija batiski at8kiriga atkariba no augsnes
apstrades varianta (p=0.01) un pétijuma gada (p<0.001) (skat. 7. att.). Augstakas
razas iegiitas 2019. un 2020. gada (3.43 un 3.29 t ha, atbilstosi), bet batiski
zemaka — 2018. gada, kur§ jau iepriek$ aprakstits ka ekstremali sauss. Lai arl
2019. gada HTK nebija pietiekoss, tom&r temperattiras un nokrisnu sadaltjums
ziedéSanas un paksu pildiSanas laika bija labvéligaks neka 2018. gada, kas
rezultgjas augstaka raza. Raza 2020. gada batiski neatskiras no 2019. gada razas,
tapat ka razas struktiirelementu vértibas.

3.178 3.03A 3.43° 3.298

Raza, t ha'l/
Yield, t ha!

o B N W b

tradicionala / reducéta / 2019

conventional  reduced

Augsnes apstrade / Soil
tillage, p=0.01

Gads / Year, p<0.001

7. att. Lauka pupu raza (t ha') atkariba no augsnes apstrades varianta un
pétijuma gada 2018.-2020. g. /
Fig. 7. Field bean seed yield (t ha) depending on the soil tillage system
and study year, 2017-2019

AB _ ar atSkirigiem alfab&ta burtiem apzimétas biitiskas at3kiribas pétito faktoru ietvaros /
ABdifferent letters in the superscript indicate significant differences within the factors

Lauka pupas vid&ji bija razigakas TA varianta (vid&ji 3.17 t ha*) neka RA

(vidgji 3.03 t ha) (p=0.01). Vidgjas lauka pupu razu starpibas atkariba no
augsnes apstrades varianta visos pétijuma gados nebija augstas: 230 kg ha* 2018.
gada, 90 kg ha* 2019. gada, un 100 kg ha 2020. gada. Lielaka diference starp
abiem variantiem bija sausaja 2018. gada, kad tika iegiitas zemakas razas.

Lauka pupus razas indekss vid&ji bija 0.485 un tas bija lidzvertigs visos
petijuma gados un abos augsnes apstrades variantos (p>0.05).

Lauka pupu razas struktirelementu vértibas butiski atSkiras starp vegetacijas
sezonam (skat. 9. tab.), bet augsnes apstrades sistémas biitiska ietekme novérota
tikai uz 1000 graudu masu (p<0.001), kura vidgji bija augstaka RA varianta.
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9. tabula / Table 9
Lauka pupu razas struktiirelementu vertibas 2018.-2020. g./
Field bean yield components in 2018—-2020

Raditajs / Indicator 2018 Gacis(,)/lgear 2020
Augu skaits, gab. m2/ Plants per m?, p=0.0001 47.8B 32.8° 35.4°
Paksu skaits augam, gab. / Pods per plant, =0.0003 5.1° 10.28 9.08
Seklu skaits paksti, gab. / Seeds per pod, p=0.203 2.7A 2.64 2,77
1000 seklu masa, g / 1000 seed weight, g, p<0.001 468.2~ | 546.1B 476.2A

AB _ar dazadiem lielajiem burtiem auggraksta apzimétas raditaju biitiskas atskiribas atkariba no

pétijuma gadiem / A8 different capital letters in the superscript indicate significant differences for
indices depending on trial year

Konstatéta ciesa pozitiva sakariba starp paksu skaitu augam un iegiito pupu
séklu razu (r=0.830>r0.05=0.404, n= 24), negativa cieSa sakariba konstatéta augu
skaitam m2 ar paksu skaitu augam (r=I-0.852/>r¢ 05=0.404). Tiksto§ seklu masa
batiski cieSi pozitivi korelgja ar lauka pupu kvalitates raditaju — tilpummasu
(r=0.829>r¢,05=0.404, n=24).

Lauka pupam séklu proteina saturs (%) izméginajuma perioda bija vidgji
32.3%, un tas bija stabils neatkarigi no pétijuma sezonam (p=0.233) un izmantota
augsnes apstrades varianta (p=0.658). Vidgja tilpummasa batiski at$kiras
atkariba no pétita augsnes apstrades varianta (p<0.001), augtaka bija RA varianta
(756.4 g L), zemaka — TA (735.5 g LY). Augstako vidgjo tilpummasu reducetas
augsnes apstrades varianta nodrosinaja liela tilpummasu starpiba 2018. gada, kad
sausuma un karstuma apstaklos, acimredzot, augi bija labak apgadati ar mitrumu
un baribas vielam RA varianta. Reducétas augsnes apstrades varianta 2018. gada
ieglita ari butiski augstaka 1000 s€klu masa. Starp pétijuma gadiem bitiski
(p<0.001) augstaka vidgja tilpummasa veidojas 2019. gada (773.3 g L), kad
konstat&ta ar batiski augstaka 1000 s€klu masa (546.1 g).

Analizgjot sakaribas starp dazadiem analizEtajiem raditajiem, butiska ciesa
pozitiva korelacija konstateta tikai 2018. gada starp 1000 seéklu masu un
tilpummasu (r=0.983>r,05=0.707, n=8).

Promocijas darba izm&ginajuma kultiiraugu raza atkariba no lietotas augsnes
apstrades sisteémas bija matematiski butiski atskiriga, tikai audzgjot lauka pupas,
kuram augstaka vidgja raza ieglita tradicionalas augsnes apstrades varianta, bet
pargjiem pétitajiem laukaugiem vid&jais razas limenis matematiski butiski 95%
lItmenT nebija atSkirigs atkariba no lietotas augsnes apstrades sistemas.
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Augu biomasas energijas raza

Augu mainas ietvertie kultiiraugi viens no otra at$kiras gan pec iegita
pamatprodukcijas un blakusprodukcijas masas apjoma (t ha*), gan biomasas dalu
kimiska sastava, kas nosaka to atSkirigu energétisko ietilpibu jeb vertibu
(MJ kg?'). Augstaka energ@tiska ietilpiba starp pétijuma ieklautajiem
kultiraugiem un to biomasas dalam bija ziemas rapSa séklam — vidgji
28.58 MJ kgl. Starp rapsa ellas saturu un seklu energétisko ietilpibu pastavéja
butiska cieSa sakariba (r=0.792>10,05=0.292, n=44). Nakamas vidgji energetiski
ietilpigakas bija lauka pupu seklas (18.96 MJ kg?). Labibu sugu graudu
energétiska ietilpiba (kviesiem vidgji — 17.75 MJ kg%, mieziem — 17.46 MJ kg™)
bija zemaka, ka $o pasu sugu salmu energgtiska ietilpiba (ziemas kvieSiem —
18.37 MJ kg, vasaras mieziem — 17.83 MJkg?). Pé&cplaujas atlieku
energétiskajai vertibai starp pétitajam sugam nepastavéja lielas atSkiribas.
Augstaka videja energétiska ietilpiba bija ziemas kvieSu salmiem (vidgji
18.37 MJ kg1), bet zemaka — lauka pupu pécplaujas atlickam (vidgji
17.82 MJ kg™).

Augsnes apstrades varianta ietekme uz kultiiraugu s€klu un pecplaujas atlieku
energétisko ietilpibu netika atrasta (p>0.05), bet tika konstatéta bitiska
priekSauga ietekme (p<0.001) uz ziemas kvieSu graudu un salmu vidgjo
energ@tisko ietilpibu. Augstaka energétiska ietilpiba bija ziemas kvieSu
graudiem, kuri iegiiti, ja priekSaugs bija lauka pupas (18.01 MJ kg1), savukart
ziemas kvie$u salmiem, kas iegiti, audzgjot kvieSus péc lauka pupam, bija
zemaka energéetiska ietilpiba (18.21 MJ kg™?).

Pétijuma ieklautie kultGraugi nodrosinaja atSkirigas videjas energijas razas
katra no pétjjuma sezonam (skat. 8. att.). Augstaka energétiska produktivitate
bija ziemas kvieSiem (vidga pétijjuma perioda iegltd energijas raza —
21243 GJ ha'l) un ziemas rapsim (vidéja iegiita energijas raza —
209.99 GJ ha'l). Bitiski zemaku vid€jo energijas razu nodro$inaja vasaras miezi
(videji — 167.42 GJ ha'l), bet viszemaka (biitiski atskiroties no miezu energijas
razas Iimena, p<0.001) energijas raZa bija lauka pupam — 101.13 GJ ha. Ziemas
kvieSiem augstaka vid€ja energijas raza iegiita 2017. un 2020. gada (254.90 un
226.59 GJ ha’l, atbilstosi), ziemas rapsim — 2020. gada (288.89 GJ ha'), lauka
pupam 2019. un 2020. gada (110.82 un 111.91 GJ ha!), vasaras mieziem 2017.
un 2019. gada (212.53 un 180.38 GJ hal, atbilstosi).

legiita energijas raza atkariba no augu mainas un augsnes apstrades varianta
bija mainiga pa gadiem (8. att.). Butiskas energijas razas atSkiribas pétijuma
perioda atkariba no augsnes apstrades variantiem netika konstatgtas (p=0.553).
Vidgja iegiita energijas raza Cetru gadu perioda TA varianta bija 188.9 GJ ha'
gada un RA - 193.9 GJ ha™.
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8. att. Augu mainas ieklauto kultiiraugu videja energijas raza (GJ ha*) no
graudiem / seklam un peécplaujas atliekam pétijuma gados, kuros
Kultairaugi tika audzeti /

Fig. 8. Average energy yield (GJ ha') from grains/seeds and post-harvest
residues of the crops included in the crop rotations during the study years in
which the crops were grown

¢ — ar at8kirigiem burtiem noraditas butiskas (p<0.05) atskiribas kultirauga ietvaros atkariba no
gada / **°— significant (p<0.05) differences for each crop are indicated depending on the years

ab

Salidzinot augu mainas variantus péc nodroSinatas energijas raZas
(p=0.0004), augstakais energijas iznakums biomasas raza bija akumul&jies augu
maina “67% kvie$i” — vidgji 214.7 GJ hal gada, bet zemakais augu maina
“25% kviesi” (178.8 GJ ha?). KvieSu atkartotos s&jumos (augu maina
“100% kviesi”) iegiita energijas raza (188.6 GJ ha™?) biitiski neatskiras no abos
par€jos variantos iegiitas energijas razas.

Nemot vera krasas razas atSkiribas vasaraju kultiraugiem pa pétijumu
sezonam, Katrs augu mainas variants tika analiz&ts atseviski ar konkrétaja lauka
izveidoto kultiraugu mainu pétijuma perioda, jo vidgjie iegiitie rezultati divas
1pasi sausajas sezonas (2018. un 2019. gads) pasliktindja augu mainas
“25% kviesi” potencialu iegiit augstu vid€jo energijas razu (skat. 9. att.). Veicot
novertejumu vid&jai ieglitajai energijas razai gada atbilstosi katra izm&ginajuma
varianta iegiitajiem rezultatiem, secinats, ka viszemakais energijas iznakums bija
augu maina “25% kvie$i” (seciba: ziemas rapsis—miezi—lauka pupas-ziemas
kviesi), kur secigi 2018. un 2019. gada tika audz&ti vasaraji (mieZi un pupas), kas
rezult€jas zema biomasas raza un, parrékinot energijas iznakumu, tas bija
150.96 GJ ha.
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9. att. Videja gada iegiita energijas raza (GJ ha!) atkariba no
augu mainas ieklauto kultiraugu kombinacijam 2017.-2020. gada
un augsnes apstrades varianta /

Fig. 9. Average annual energy yield (GJ ha) depending on combinations of

crops included in crop rotations and soil tillage system from 2017 to 2020
K —kviesi / wheat, R — rapsis / oilseed rape, M — miezi / barley, P — pupas / field bean. TA —
tradicionala augsnes apstrade / conventional tillage; RA — reducéta augsnes apstrade / reduced
tillage; *° — ar atikirigiem burtiem noraditas bitiskas (p<0.05) at3kiribas pétito faktoru ietvaros /
ab—_sjgnificant (p<0.05) differences within the studied factors are indicated with different letters

Augstako energijas ieguvi nodrosinaja abi augu maina “67% kviesi” ieklautie
varianti (216.27 GJ hat un 213.23 GJ ha'!) un augu mainas “25% kvie$i” augu
kombinacija M-P-K-R (199.17 GJ ha'l).

Ziemas kvieSu razas apjomu visos pétijuma gados bija pozitivi ietekméjusas
lauka pupas ka priekSaugs. Energijas razas ipatsvars no ziemas kvieSiem augu
maina “25% kviesi” bija 35%, sastadot 247 GJ ha’l, kas bija liclakais energijas
iznakums no ziemas kvieSiem starp pétitajiem augu mainas variantiem. Otrs
lielakais Tpatsvars augu maina ‘“25% kvie§i” akumulétajai energijai bija ziemas
rapsim (28%, vidéji 200 GJ ha). Vasaras miezi vid&ji ¢etru gadu pétijuma
perioda bija akumul&jusi gandriz tik pat daudz energijas razas, cik liela ir to
proporcija augu maina — 23% (167 GJ hal). Lai noteiktu, kur$ kultiiraugs ir
energijas razas zina izdevigakais, nedrikst aizmirst par priekSauga efektu uz
pécaugu, jo, pateicoties tam, tiek iegiitas augstakas graudu un salmu razas, ka ari
tas rezultgjas augstaka pecauga energijas raza (GJ ha?).
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Organiska oglekla uzkrasanas augsné

Augsnes organiska oglekla saturs butiski atSkiras atkariba no rezultatu
iegliSanas gada visos pétitajos augsnes dzilumos (p<0.001), bet netika atrasta
butiska augu mainas vai augsnes apstrades sistemas ietekme uz Corg Saturu

pétitajos variantos (skat. 10. tab.).

10. tabula / Table 10
Faktoru ietekme (p-vértiba) uz Corg saturu dazados augsnes dzilumos /
Effect of studied factors (p-value) on Corg content at different soil depths

. Augsnes dzilums / Soil depth
Faktors / Studied factor 020 cm 20-40 cm | 40-60 cm

Augsnes apstrades sistéma /
Soil tillage system 0.969 0.175 0.087
Augu maina / Crop rotation 0.590 0.313 0.959
Paraugu nemS$anas gads / Year of sampling <0.001 <0.001 <0.001
Gads x augsnes apstrade / 0.006 . )
Year x Soil tillage system )

Augsnes Corg Saturs augsnes aramkarta (020 cm) pétijuma laika palielinajas,
salidzinot ar oglekla saturu laika driz péc izmégindjuma iekarto$anas
(izméginajumu iekartoja 2008. g., Corg Saturu noteica 2010. g.5).

Augstaks Corg Satura pieaugums 0-20 cm dziluma péc septiniem gadiem bija
veérojams TA varianta (+0.800%, RA +0.627%), bet péc 12 gadiem (2022. g.)
augstaks Corg saturs bija paraugos, kuri ievakti RA varianta (TA +0.557%, RA
+0.795%) (skat 10. att.).

Palielinoties augsnes dzilumam, konstatéta Corg Satura samazinasanas (Skat.
10. att.). Vidgjais Corg Saturs 0-20 cm dziluma visos tris gados, kad tika ievakti
paraugi bija par 19.5% lielaks neka 20-40 cm dziluma. Lielaks Corg Satura
pieaugums starp abiem augsnes dzilumiem 2017. un 2022. gada bija RA varianta
(19.6%), bet TA — 13.7%. Organiska oglekla satura starpiba aramkarta un
dzilakaja augsnes slani neviena no variantiem neparsniedza 1%.

5 Dati no projekta VPP-5.3.1. (Nr.VP26) “Viet&jo lauksaimniccibas resursu ilgtspjiga izmantosana
paaugstinatas uzturvértibas partikas produktu izstradei” (PARTIKA) 3.1. apaksprojekts “Augsnes ka
galvena resursa ilgtsp&jiga izmantosana dro$u un kvalitativu partikas un lopbaribas izejvielu ieguvei
no plasak audz&tajam laukaugu sugam”
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Fig. 10. Soil Corg content in 2010, 2017 and 2022 in conventional (CT) and reduced (RT)
soil treatment systems at different soil depths

Augsnes Corg saturs 2040 cm dziluma pétijjuma laikda no 2010. Iidz
2022. gadam palielinajas par 64.7%, sasniedzot vidgji 1.586%, salidzinot ar Corg
saturu augsné 2010. gada. Salidzinot augsnes Corg Saturu atkariba no augsnes
apstrades sistemas, augstaks Corg picaugums péc septiniem gadiem (2017. gada)
bija vérojams TA varianta — par 0.887%, bet RA varianta par 0.620% (vid&jais
saturs TA — 1.850%, RA — 1.583%), bet 2022. gada Corq Satura starpiba RA un
TA variantos bija vien 0.04% (TA — 1.566%, RA-1.606%).

Augsnes organiska oglekla vidgjais saturs 40—60 cm dziluma pétjjuma laika
no 2010. gada Iidz 2022. gadam bija palielingjies par 143.6% no Corg 0.644% lidz
1.569%. Augstaks oglekla satura pieaugums p&c septiniem un 12 pétijuma
gadiem bija vérojams TA varianta (1.389% 2017. gada, 1.665% 2022. gada) neka
RA — 1.027% 2017. gada un 1.473% 2022. gada. Organiska oglekla satura
picaugums perioda no 2010. gada 1idz 2017. gadam bija par 86.0%, bet no 2017.
gada l1dz 2022. gadam tas bija par 30.9%.

Saja pétijuma divpadsmit gadu perioda (2010.—2022. g.) augsnes dziluma 0—
20 cm netika atrasts biitiskas oglekla krajumu izmainas atkariba no lietotas
augsnes apstrades sistémas (p=0.066) vai augu mainas (p=0.391) (skat. 11. att.).

Bitisks Corg daudzuma pieaugums augsnes virskarta noverots atkariba no
pétijuma (paraugu nemsanas) gada (p<0.001; 11. att.). Corg krajumi 2017. gada

6 Dati no projekta VPP-5.3.1. (Nr.VP26) “Viet€jo lauksaimniecibas resursu ilgtsp&jiga
izmantoSana paaugstindtas uzturvértibas partikas produktu izstradei” (PARTIKA) 3.1. apaksprojekts
“Augsnes ka galvena resursa ilgtspg&jiga izmantoSana drosu un kvalitativu partikas un lopbaribas
izejvielu ieguvei no plasak audzeétajam laukaugu sugam”
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bija vidgji 61.20 t ha'l, kas biitiski at3kiras no 2010. gada noteikta Corg daudzuma
(39.67 t hah).

T 61.200 b
Theo | 5449 5202 5142 53100 5397 58.90
= 39,672

e

£ 2,20

25

©C7 0

TA/CT RA/RT| 100% 67% 25% 2010 2017 2022
kviesi/ kvieS$i/ kvieSi/
100% 67% 25%

wheat wheat wheat

IAugsnes apstrade JAugu maina / Crop rotation,|  Gads / Year, p<0.001
Soil tillage, p= p=0.391
0.066

11. att. Augsnes organiska oglekla krajumi augsnes dziluma 0-20 cm
atkariba no pétitajiem faktoriem, t ha/
Fig. 11. Soil organic carbon stocks at the soil depth of 0-20 cm

depending on the studied factors, t hat
TA-tradicionala augsnes apstrades sistéma; RA-reducéta augsnes apstrades sistéma / CT —
conventional tillage system; RT — reduced tillage system; ®° — ar atSkirigiem burtiem noraditas
biitiskas (p<0.05) at3kiribas pétito faktoru ietvaros / ° — significant (p<0.05) differences within the
studied factors are indicated with different letters

Augsnes Corg izmainu tendences atkariba no augsnes dziluma, iespgjams,
varétu skaidrot tadgjadi, ka Corg satura palielinajums dzilakaja slani (40-60 cm)
2022. gada veérojams tadel, ka tas samazingjies vidgja dziluma (20-40 cm), kad
augsnes dalinas ar piesaistito Corg vartu biit novietojusas zemakos augsnes
slanos, bet 2018. un 2019. gada mikrobiologiskajiem procesiem atstata augu
pecplaujas atlieku biomasa bija nieciga, lidz ar to atstdjot lauka mazak
nepieciesamo izejvielu Corg palielinajumam augsnes slant 0—20 cm.

Augu mainu un augsnes apstrades sisttmu kombinaciju
ekonomiskais noveértejums

P&titajas audzesanas sistémas (augu mainu un augsnes apstrades variantu
kombinacijas) ikgadgji atskiras iegiita kultlraugu raziba pétitajos variantos, ka
arli pa petjumu gadiem atskiras izdevumi mainigo izmaksu segSanai un
realiz€jamas produkcijas iepirkuma cenas (skat. 11. tab.), kas bija mainigas,
mainoties tirgus situacijai.
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11. tabula / Table 11

Kultiiraugu razas videjas iepirkuma cenas 2017.-2020. gada, EUR t!
Average purchase prices of crops harvested in 2017-2020, EUR t*

Realizeta produkcija / Gads / Year
Realized products 2017 2018 2019 2020

Kvie$u graudi, partikai /
Wheat grain, food quality 152.00 | 185.00 162.00 169.00
Kviesu graudi, lopbaribai / 13400 | 17500 | 14400 | 151.00
Wheat grain for feed ' ' ) )
Rapsa seklas / 35200 | 351.00 | 373.00 | 356.00
Oilseed rape seeds
Miezu graudi /
Barley grain 129.00 | 176.37 133.60 137.00
Lauka pupu seklas / 200.00 | 22500 | 22500 | 220.00
Field bean seeds

Cenas atbilstosi LLKC bruto segumu aprékiniem 2017., 2018., 2019. un 2020. gadam / Prices
according to Latvian Rural Advisory and Education Centre gross coverage calculations for 2017,

2018, 2019 and 2020

legiitie graudu/seklu realizacijas ienémumi nozimigi ats$kiras atkariba no
audzgta kulttirauga, ka arf atkariba no pétijuma gadiem (skat. 12. att.). Augstakie
iendmumi bija no ziemas rapSa seklam 2020. gada, pargjos petijuma gados
augstakos ienémumus veidoja ien€mumi par ziemas kvieSu graudiem, savukart
zemakie ien@mumi ieglti, realiz€jot audz&to vasaraju kultiraugu graudus/seklas.

1400
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0

-1

Ienémumi,
EUR ha gada/
Revenues EUR ha! yea

2017.

2018.

W ziemas kviesi / winter wheat
W vasaras mieZzi / spring barley

2019. 2020.

DOziemas rapsis / oilseed rape
m lauka pupas / field beans

12. att. Vidgjie ienémumi gada, realizéjot izméginajuma audzeto
kultiiraugu pamatprodukciju laika no 2017. Iidz 2020. gadam, EUR ha/
Fig. 12. Average annual revenues from the realization of the grain/seed of
crops grown in the trial period from 2017 to 2020, EUR ha!

Analizgjot izdevumus (13. att.) izméginajuma gados atkariba no pétitajiem
kultiiraugiem, secinats, ka izdevumi starp augstako un zemako izdevumu Iimeni
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varigja gan atkariba no pétfjuma gada, gan audzg&tajiem kultiraugiem. Mazaka
ikgadgja izdevumu starpiba bija, audzgjot lauka pupas — 24 EUR ha™.
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o

Izdevumi, EUR ha-1 gada /
Costs EUR ha-! year!

2017. 2018. 2019. 2020.

mziemas kvie$i / winter wheat Oziemas rapsis / oilseed rape
W vasaras miezi / spring barley B lauka pupas / field beans

13. att. Videjas raZosanas mainigas izmaksas (EUR ha) gada
izméginajuma audzetajiem kultiraugiem 2017.-2020. g. /
Fig. 13. Average annual variable costs for crops grown in the trial
period from 2017 to 2020, EUR ha™*

Ziemas kvieSu audz&sanas izdevumi atkariba no p&tijuma Sezonas varicja no
614 EUR ha' 2017. gada lidz 662 EUR ha™ 2018. gada, un izmaksu pieaugums
veidojas, palielinoties izejvielu izmaksam. Lielaka izmaksu starpiba bija
izmantotajai rap$a audzeSanas tehnologijai, kura atSkiras no 556 EUR ha’
2019. gada Iidz 695 EUR ha 2020. gada, jo 2020. gada bija nepiecie$ams vairak
lidzeklus terét nezalu un kaiteklu ierobezosanai, turklat tika izmantots ari
arpussaknu méslojums, kas kopuma sadardzinaja izmaksas, bet tas attaisnojas ar
augstaku razibu un augstakiem ien€mumiem.

Izdevumi atkariba no salidzinatajam audzéSanas sistémam katra gada katra
kultirauga audze$anas tehnologija atkiras tikai pozicija “tehnikas operacijas”,
jo pétija atskirigas augsnes apstrades sisteémas: tradicionalo un reducéto augsnes
apstradi.

Tehnikas operaciju izmaksas visu kultGraugu audzéSanas tehnologijas
veidoja proporcionali lielakas izmaksas (14. att.). Lielaka cenu atSkiriba starp
augsnes apstrades variantiem bija 2017. gada, kad RA variants bija par 9.50 EUR
ha! izdevigaks neka TA, bet 2020. gada TA variants bija par 3.67 EUR hal
izdevigaks neka RA. Mazas starpibas starp augsnes apstrades variantiem saistitas
ar to, ka RA varianta lietota augsnes lobiSana tikai veikta divas reizes, un péc tas
sekoja tada pati augsnes pirmssgjas apstrade ka TA variantd péc arSanas.
NepiecieSamiba pe&c augsnes dubultas lobiSanas skaidrojama ar augsnes
granulometrisko sastavu — puteklu malu, kur§ ir smags ar smalkam augsnes
dalinam, kuras var veidot rupju augsnes struktiiru, [idz ar to, lai to vienmerigi
sastradatu, nepiecieSami vairaki lobisanas gajieni.
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14. att. Izdevumu grupu ipatsvars (%) kopéjas raZoSanas mainigajas
izmaksas ziemas kvieSiem, ziemas rapsim, vasaras mieZiem, lauka pupam /
Fig. 14. Proportion of cost groups (%) in total production variable costs for
winter wheat, winter oilseed rape, spring barley, field beans

Augu mainu noveért€§juma cetru gadu perioda atbilstosi katra varianta
audzétajiem kultiraugiem, augstakais ekonomiskais izdevigums péc bruto
seguma aprékina uz vienu hektaru (skat. 15. att.) bija augu mainai “67% kviesi”
reducétas augsnes apstrades sistéma ar augu secibu rapsis—kviesi—kviesi—rapsis,
kurai bruto segums pétijuma perioda bija 2189 EUR ha.
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Kultiiraugu seciba augu mainas / Crop sequence in rotation
B Tradicionala augsnes apstrade / Conventional soil tillage
B Reducéta augsnes apstrade / Reduced tillage
15. att. Augu mainu un augsnes apstrades variantu iespéjama bruto pelna
EUR ha! &etru gadu perioda (2017.-2020. g.) /
Fig. 15. Potential gross coverage depending on crop rotation and tillage in
EUR ha* over a four-year period (2017-2020)

K — ziemas kviesi / winter wheat, R — ziemas rapsis / oilseed rape, M — vasaras mieZi / spring
barley, P — lauka pupas / field beans
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Otrais ienesigakais variants bija tds paSas augu mainas un augu secibas
variants tradicionala augsnes apstrades sistéma (1843 EUR ha'l), bet tresais —
augu maina “25% kviesi” ar kultiraugu secibu miezi—lauka pupas—kviesi—rapsis
tradicionala augsnes apstrades sistéma (1736 EUR ha™?).

Mazak ienesigie varianti bija augu maina “25% kviesi” ar kulttiraugu secibu
rapsis—miezi—lauka pupas—kviesi tradicionala augsnes apstrades sistéma, kura
etru gadu bruto pelna (EUR ha?) veidoja tikai 819 EUR, kas bija par 2.67
reizém mazak neka ekonomiski izdevigakaja varianta (2189 EUR ha’, augu
maina “67% kviesi”, RA, R-K-K-R). Ekonomiski neizdevigakie augu mainu
varianti, ja verteé videjo bruto segumu atkariba no abiem augsnes apstrades
variantiem, bija augu maina “25% kvie$i” ar kultdraugu secibu rapsis—miezi—
pupas—kviesi (vidgji 904 EUR ha'l), augu maina “100% kviesi” (vidéji
1024 EUR ha!) un augu maina “25% kviesi” ar kultiiraugu secibu kviesi—rapsis—
miezi—pupas (1241 EUR hal).

Ieguvumi no paksaugu ieklauSanas augu mainas ir javeérteé no vairakiem
aspektiem, un dazados pasaules regionos lielakie ieguvumi bus at$kirigi.
Pieméram, ieklaujot pakSaugus augu maina, mazinas kopgjais nepiecieSamais
slapekla meslojuma patgrins, kas attiecas gan uz iesp&ju nelietot slapekli platibas,
kur audzé paksSaugus, gan arm uz slapekla normas samazinasanas iesp&ju
p€caugam. Augu mainas ar ieklautiem pakSaugiem nodroSina arT vairak
sagremojamo olbaltumvielu majlopu baribas devam ar zemaku ietekmi uz vidi,
salidzinot ar tradicionalam labibu augu mainam. Tome@r atseviskos pétijumu
gados no augu mainam, kurds ieklauti pakSaugi, tomér neizdodas sasniegt
pietickamu majlopiem piegadato apmainas energiju, salidzinot ar labibu—ellas
augu un labibu—labibu augu mainam.
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SECINAJUMI

Lai arT ziemas kvieSu augSana un attistiba nebija atkariga no pétitajiem augu
mainas variantiem ne rudens, ne vasaras vegetacijas periodos, tomér ziemas
kviesu digSanas sakums un temps bija atskirigs atkariba no pétitas augsnes
apstrades sistemas. PriekSrocibas, pateicoties atskirigam nokriSnu
nodroS§inajumam petijuma gados, bija gan vienai, gan otrai augsnes apstrades
sist€mai, tomer bitiskas atSkiribas laukdidziba noveéroja tikai ekstremali
sausaja 2018. g., kas paradija reducétas augsnes apstrades prieksrocibas
ziemas kvieSu dig§anas nodrosinasana. (1. uzdevums, 1. t€ze)

Vidgjas ziemas kvieSu graudu un salmu razas bija lidzvertiga tradicionala un
reducéta augsnes apstrades sisteéma (apstiprinas otra hipotéze), un butiski
augstakas kvieSu vidg€jas razas ieglitas augu mainas “67% kviesi” un “25%
kvies$i”, salidzinot ar kvieSu bezmainas s€jumiem (apstiprinas dala pirmas
hipotézes). Ziemas kvieSu razas, audzgjot tos péc lauka pupam un rapsa, bija
augstakas, izmantojot reduc€to augsnes apstradi, bet kvieSu bezmainas
s€jumos trijos no Cetriem petijuma gadiem — tradicionalas augsnes apstrades
varianta. (1. t€ze)

Ziemas kvieSu razas struktirelementu vidgjas vértibas nebija butiski
atskirgas atkariba no augsnes apstrades sistémam, bet tas ietekmégja p&tijjuma
gados pastavosie meteorologiskie apstakli un atseviskus — priekSaugs augu
maina. Bitiski atskiriga bija vidgja 1000 graudu masa atkariba no priekSauga
augu maina, un augstaka ta bija augu mainas varianta “25% kviesi”, kur
ziemas kvieSu priekSaugs bija pupas. Produktivo stiebru skaits un graudu
skaits varpa neviena no p&tifjuma gadiem nebija bitiski atskirigi atkariba no
priekSaugiem augu mainas variantos. (1. t€ze)

Ziemas kvieSu graudu kvalitates raditaju (proteina saturs, lipekla saturs,
Zeleny indekss, kriSanas skaitlis, tilpummasa) vidgjas vertibas nebija
atkarigas no pétitas augsnes apstrades sist€mas vai augu mainas varianta, bet
butisks bija ziemas kviesu priekSauga efekts uz lipekla saturu un Zeleny
indeksu, un augstaki tie bija, ja kvieSus audz&ja péc lauka pupam. Visiem
kvalitates raditajiem novérotas bitiskas vidgjo raditaju atskiribas p&tijjuma
gados. Lielaka ietekme uz kvalitates veido$anos bija konkréto gadu
meteorologiskajai situacijai. (1. t€ze)

Ziemas rap$a un vasaras miezu razas izméginajuma bija lidzvertigas abas
augsnes apstrades sistemas, savukart lauka pupu vidgja raza bija nedaudz, bet
butiski augstaka tradicionalas augsnes apstrades sistema. (2. teéze)
Energgtiski produktivakie augu mainas ieklautie kultiiraugi bija ziemas kviesi
(212.43 GJ hat) un ziemas rapsis (209.99 GJ hal). Energijas razas butiski
atskiras atkariba no pétitajiem augu mainu variantiem, bet atskiribas atkariba
no pétita augsnes apstrades varianta nebija butiskas. Augstako energijas razu
(GJ ha') no pétitajiem augu mainas variantiem nodro§inaja augu maina “67%
kvie$i”, bet augu maina “25% kvie$u” nodroSinaja lidzvertigu energijas
ieguvi bezmainas kvieSu s€jumu variantam (100% kvie$i”), kas petijuma
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gados bija saistits ar zemajam vasaraju razam sausaja 2018. un 2019. gada.
Tadgjadi hipotézi par augstakas energijas razas ieguvi, samazinot kvieSu
Ipatsvaru augu maina, Cetru gadu perioda neizdevas pieradit. Dalgji
apstiprinas 1. hipotéze, ka, samazinot kvieSu ipatsvaru augu maina, picaug
augu maina akumulétas energijas daudzums. (3. t€ze)

Augsné uzkrata organiska oglekla saturs divpadsmit gadu perioda
(2010.-2022. g.) bija butiski pieaudzis visos pétitajos augsnes dzilumos
(0-20 cm, 20-40 cm, 40-60 cm), bet p&tijumu perioda to bitiski neictekmgja
ne pétitais augu mainas, ne augsnes apstrades variants. Augsnes organiska
oglekla saturs bija atSkirigs dazados augsnes dzilumos. Augsnes apstrades
sistémai un augu mainai uz kop&jiem oglekla krajumiem augsné 0-20 cm
dziluma butiskas ietekme netika konstatéta. (4.teze)

Augstaku bruto segumu nodrosindja augu mainas varianti ar diviem un
vairakiem kultiiraugiem salidzindjuma ar ilgstoSiem bezmainas s€jumiem.
P&tfjuma perioda ekonomiski visizdevigaka bija augu maina “67% kviesi”,
izmantojot reducgto augsnes apstradi, kurai sekoja augu maina “25% kviesi”,
izmantojot abus augsnes apstrades variantus. Ekonomisko rezultatu pa
gadiem ietekm@&ja gan mainigas izejmaterialu cenas, gan mainigas kultiraugu
razas. Hipoteze, ka kvieSu audzéSana dazadotd augu maina ekonomiski
attaisnojas, dalgji pieradita. (5. teéze)
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1)

2)

3)

4)

PATEICIBAS

Pettjums veikts, pateicoties vairaku projektu finans€jumam:

VPP AgroBioRes “Lauksaimniecibas resursi ilgtspgjigai kvalitativas un
veseligas partikas razosanai Latvija”, 1. dala Augsne “Augsnes ilgtspgjiga
izmanto$ana un mésloSanas risku mazinasana”;

LR Zemkopibas ministrijas subsidijas, projekts “Minimalas augsnes
apstrades ietekme uz augsnes auglibas saglabaSanu, kaitigo organismu
attistibu un izplatibu, razu un tas kvalitati bezmainas s¢jumos”;

Latvijas Biozinatnu un tehnologiju universitates pétniecibas programma
“Zinatnes kapacitates stiprinasana LBTU”. Projekts Nr. Z33 “Augsekas
produktivitate atkariba no ziemas kvie$u ipatsvara taja un augsnes apstrades
pan€miena”. Liguma Nr. 3.2-10/2019/LLU/138;

ESF projekts ES32 — “LLU pareja uz jauno doktorantiiras finansé$anas
modeli”.

Izsaku personigu pateicibu:

profesoram, Dr. habil. agr. Antonam Ruzam par vértigiem padomiem
doktora darba izstradé un paldies par iesp&ju darboties A. Ruzas vaditaja
projekta Valsts pétijumu programma;

profesorei, Dr. biol. Birutai Bankinai par iesp&ju pievienoties projektam
“Minimalas augsnes apstrades ietekme uz augsnes auglibas saglabasanu,
kaitigo organismu attistibu un izplatibu, razu un tas kvalitati bezmainas
s€jumos”, par finans€jumu projekta veiksanai, par iesp&ju zinot projekta
rezultatus starptautiskas konferences, ka arT par padomiem un sarunam
promocijas darba izstrades laika;

Dr.sc.ing. Janim Rizikovam, Valsts Koksnes kimijas institita vadoSajam
pétnickam, par sadarbibu sadegSanas siltuma (biomasas energétiskas
veértibas) noteikSana, ka ari par konsultacijam energgtiskas vértibas
izmantoSanai,

Kristapam Vitolam, Latvijas Lauku konsultaciju centra bruto segumu
ekspertam, par palidzibu vidéo izcenojumu sagatavosana augu
aizsardzibas un méslosanas lidzekliem, kuri tika izmantoti bruto segumu
sagatavoSana;

LBTU LPTF (agrak LLU LF) MPS “Peterlauki” kolektivam laika perioda
no 2016.—2020. gadam, jo Tpasi darbiniecém Mg. agr. Lindai Litkei un Mg.
agr. levai Plidumai-Pauninai par izméginajuma regularu apsekoSanu un
palidzibu  datu  ieguvé, Mg. agr. Merabam  Katamadzem  par
agronomiskajiem risingjumiem izmé&ginajuma laukos;

profesoram, Dr. habil. agr. Aldim Karklinam par konsultacijam un
skaidrojumiem par organiska oglekla veidoSanos un uzkrasanos augsné, ka
arT padomiem literatliras izp&t€ un iegtto datu aprakstiSana;
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kolegei Mg. agr. Ievai Erdbergai par veltito laiku konsultacijam saistiba ar
augsnes organisko oglekli;

profesorei, Dr. oec. Ainai Dobelei par vértigiem padomiem rezultatu
ekonomiskas nozimes noveértésana;

LPKS “Latraps” darbiniekiem, 1pa$i Ligai Ruzai, Editei Konivalei un
Gintai Briedei par palidzibu ar informacijas iegiSanu par augu aizsardzibas
lidzeklu un mineralméslojuma cenam;

docentei, Dr. agr. Gundegai Putniecei par konsultacijam laukkopibas
terminu lietoSana;

docentei, Ph. D. Sarmitei Rancanei par palidzibu zinatnisko avotu
mekl&Sana par ilggadigo augu mainu stacionaru Skriveros;

profesorei, Dr. math. Natalijai Sergejevai, doktorantiiras skolas vaditajai
par atbalstu, ieteikumiem un motivé$anu projekta isteno$anas gaita;

manai kol€gei un tieSajai darba vaditajai Lauksaimniecibas fakultates
dekanata, asociétajai profesorei, Dr. agr. Dacei Silinai par iecietibu un
moralo atbalstu laika, kad, pildot darba pienakumus, gatavoju promocijas
darbu, paldies par motivéSanu, padomiem, uzticibu;

profesorei, Dr. agr. Gunitai BimsSteinei par ieteikumiem valodas
uzlabosanai darba un padomiem;

kolegei, Ph.D. Agritai Svartai par padomiem un motivé$anu promocijas
darba izstrades nobeiguma posma;

asoc. prof., Ph.D. Kristapam Klavinam par padomiem un palidzibu anglu
valodas tulkojumiem;

absolventiem Reinim Lazdanam, Kristapam Lisovskim, Kristapam
Zemitim, Edgaram Bajinskim par dalibu izm&ginajumu datu iegiiSana.
Marikai Reihai, latvieSu valodas skolotdjai, manai tantei, par latviesu
valodas redigé$anu promocijas darba un kopsavilkuma;

draugam Sandim par atbalstu un ripigu iedzilinasanos darba noformésana;
gimenei, radiem, draugiem, kuri atbalstija, palidzgja ar b&rnu pieskatiSanu
un arT atsevisku datu ievaksana, ka arT juta Iidzi un motiveja.

Vislielaka pateiciba maniem vecakiem Inarai un Guntaram Misuliem,
masam Alisei un Agatei, manam milajam meitinam Laurai un Dartai un
vinu t&tim Armandam DarguZim un par pacietibu un atbalstu vairak neka
seSu gadu garuma, lai Sis darbs taptu!
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INTRODUCTION

The growing global population creates challenges for the food and energy
industries and other basic needs. Land, soil, and water resources are scarce and
vulnerable to climate change. Agriculture with existing resources requires higher
crop productivity. In order to evaluate the possibilities of sustainable crop
production, it is necessary to evaluate the benefits and investments of cultivation
of crops over a period of longer than one year in the cycle of crop rotation. A
one-season data evaluation of crop growth is not enough.

The productivity of crops and the profitability of cultivation can be influenced
by simple agronomic practices such as crop rotation and the soil tillage system,
which are largely replaced by synthetic fertilizers and plant protection products.
In Latvia, the most recent studies comparing the productivity of different crop
rotations, including soil tillage systems, were carried out in the late 20" century
(1986-2002). Due to changing cultivation technologies and trends in the world
and taking into account global climate change, it is necessary to study the impact
of crop rotation and soil tillage on crop productivity within the species and within
the crop rotation cycle. As different species are included in crop rotation, the
comparison in tonnes (t ha') is not sufficiently objective, so the energy yield
from biomass (GJ ha') or gross coverage (EUR ha?) can be used. It is also
essential to study the impact of soil tillage and crop rotation on the possibilities
of increasing soil organic carbon stocks under Latvian conditions to address the
problem of global climate change. Changes in soil organic carbon content are
observed in the long term, so comparing the amount of carbon in the soil in a
long-term trial is essential.

Hypotheses of the research

1. Reducing the share of winter wheat in crop rotation improves the productivity
of winter wheat (t ha'), increases the total energy yield of crop rotation
(GJ ha), and the production of winter wheat is more profitable in long term
(EUR hal).

2. Conventional and reduced soil tillage ensure equivalent winter wheat yields.

The aim of the thesis
To determine the productivity of crop rotation depending on the proportion
of winter wheat in it and the applied tillage system.

Research tasks

1. Assess the growth and development of winter wheat depending on crop
rotation and soil tillage system.

2. Determine the winter wheat yield and the formation of its components
depending on crop rotation and tillage system.

3. Evaluate the quality of the winter wheat yield depending on the studied
factors.
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4. Assess the productivity of other crops included in crop rotations in two tillage
systems.

5. Determine the influence of studied factors on energy yield of winter wheat
and other crops included in the crop rotations and the total energy yield of the
crop rotation.

6. Evaluate the accumulation of soil organic carbon depending on the
investigated factors.

7. Calculate and analyse the economic benefit of crop rotation depending on the
proportion of wheat in it and the tillage system.

Thesis to be defended

1. Winter wheat yields are increased by diversifying crop rotation; in
conventional and reduced tillage systems, wheat development and the yield
component formation are equivalent, and equivalent yields can be obtained.

2. Conventional and reduced tillage systems mainly provide equivalent seed
yield within the species for winter oilseed rape, spring barley and field beans.

3. Diversification of a crop rotation can provide a higher energy yield, but the
effect of field crops included in the crop rotation on the total energy yield
depends on the meteorological conditions during the evaluation period.

4. In the long term, leaving post-harvest residues on the field can increase soil
organic carbon content, regardless of the soil tillage or crop rotation options
studied.

5. The reduction in the depth of soil tillage in the soil of heavy dusty clay is
financially insignificant. However, the diversification of plants into crop
rotation may lead to higher gross coverage.

The novelty of the research: a complex study has not been carried out in
Latvia so far, evaluating several crop rotation and two soil tillage systems in a
stationary, multi-year (8-10) trial to explain the benefits (yield, energy yield,
economic benefit, soil carbon accumulation) from the diversification of crops in
crop rotation compared to repeated wheat sowing. The study provides an
opportunity to conclude how productive it is to sow winter wheat in repeated
sowings under Latvian conditions and assess the impact of different soil tillage
systems on their productivity indicators. Long term studies on the effects of crop
rotation and soil tillage systems on soil carbon accumulation still need to be
completed in Latvia conditions.

Co-financing of the development of the promotion work has been received
within the framework of four projects.
1) National Research Programme AgroBioRes “Agricultural resources for
sustainable production of high quality and healthy food in Latvia”, Part 1
“SOIL, sustainable use of soil and reduction of fertilization risks”;
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2)

3)

4)

Subsidies of the Ministry of Agriculture of the Republic of Latvia, project
“Influence of minimal soil tillage on its fertility maintenance, development
and distribution of pests as well as crops’ yield and quality in resowings”;
Research programme of Latvia University of Life Sciences and Technologies
“Strenghtening science capacity of Latvia University of Life Sciences and
Technologies” Project No. Z33 “Productivity of crop rotation depending on
winter wheat proportion in it and soil tillage method”;

European Social Fund project No.8.2.2.0/20/1/001 “LLU Transition to a new
funding model of doctoral studies”.

Approbation of Thesis results

Four publications indexed to SCOPUS and/or Web of Science databases have
been prepared based on the study results; nine publications in other collections
of seminar and conference abstracts or articles have been prepared. Five oral
presentations and six poster reports on research results were given at conferences
and scientific seminars.

Publications indexed in Scopus and/or Web of Science databases

Darguza’ M. Gaile Z. (2023). Productivity of crop rotation depending on
included plants and soil tillage. Agriculture. 13, Article No. 1751.
DOI:103390/Agriculture13091751.

Darguza! M., Gaile Z. (2020). The Effect of Crop Rotation and Soil Tillage
on Winter Wheat Yield. In: “Research for Rural Development 2020,
Annual 26™ International Scientific Conference Proceedings (13-15 May,
2020), Vol. 35. Jelgava: LLU, p. 14-21. DOI: 10.22616/rrd.26.2020.002.
Darguzal M., Gaile Z. (2019). Yield and Quality of Winter Wheat,
Depending on Crop Rotation and Soil Tillage. In: “Research for Rural
Development 2019”7, Annual 25t" International Scientific Conference
Proceedings (15-17 May, 2019). Jelgava: LLU, Vol. 2, p. 29-35. DOI:
10.22616/rrd.25.2019.045.

Darguza® M., Gaile Z. (2018). Productivity of crop rotation measured as
energy produced by included plants: a review. In: “Research for Rural
Development 2018”7 Annual 24" International Scientific Conference
Proceedings (16-18 May, 2018). Jelgava: LLU, Vol. 2, p. 20-27. DOI:
10.22616/rrd.24.2018.046.

7 Author's surname was changed from Darguza uz Misule
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MATERIALS AND METHODS

Crop productivity was evaluated depending on crop rotation and tillage
system. The comparison of the yield of the species included in the crop rotation
in tons (t ha) is not objective enough, so the energy yields accumulated in
biomass (GJ ha') and gross coverage (EUR ha*) were used for comparison. The
study compared changes in soil organic carbon (Coyg) content and stocks
depending on tillage system and crop rotation (Fig. 1).

Description of the study site

Field trials have been conducted at the LLU LF (now LBTU LPTF) Research
and study farm “P&terlauki” study site “Poki” (56°30.658’ Z and 23°41.580" A)
in a two-factorial trial stationary with two soil tillage systems and three different
crop rotations. Trials started in 2009 with a total area 6 ha. The research on plants
as part of the promotion work has been carried out over four growing seasons
from 2016/2017 to 2019/2020 to cover the entire cycle of full crop rotation. The
research used soil analysis data from 20108, 2017 and 2022; The data of 2010
were used to compare the initial state with the results of 2017 and 2022.

The research was installed in soil with the granulometric composition silt.
According to the international soil classification, the soil was Cambic Calcisol.
Agrochemical analyses of soil (0-20 cm layer) were carried out in 2017: soil
reaction pHkci 6.7, organic matter content high — 3.5%, plant available
phosphorus (P20s) supply medium — 125.9 mg kg, potassium (K,0) high —
233.0mg kg™

Variants of field experiment

The researched factors:

A —the soil tillage system;

B — crop rotation;

C — vegetation season (annual agro-meteorological conditions of the study)

8 Data from project VPP-5.3.1. (Nr.VP26) “"Sustainable use of local agricultural resources for the
development of food products with increased nutritional value” (FOOD) 3.1. sub-project
“Sustainable use of soil as the main resource for the production of safe and high-quality food and
fodder raw materials from widely cultivated field plant species”
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Soil tillage systems

Al: conventional soil tillage with mould-board ploughing at a depth to 24 cm;
as well as pre-sowing tillage with a cultivator at a depth of 4-5 cm
(hereinafter — CT);

A2: reduced soil tillage with soil disc harrowing at a depth to 8-10 cm twice
and pre-sowing treatment with a cultivator at a depth of 4-5 cm
(hereinafter — RT).

Primary soil tillage for all crops was carried out in autumn.

Crop rotations differed in terms of crops included and the length of rotation,
and the proportion of winter wheat (Triticum aestivum) in them. Each crop
rotation was implemented in both soil tillage options studied.

B1: winter wheat in repeated sowings with a 100% share of wheat from 2009
(hereinafter — “100% wheat”, also W-W).

B2: the duration of the crop rotation was three years, and the proportion of
wheat in it was 67%, including winter oilseed rape once every three years
(hereinafter — “67% wheat”). Crop sequence: oilseed rape (Brassica napus ssp.
oleifera)-wheat-wheat (OR-W-W). Two of the three crops included in the
rotation were studied each year at the experimental site. In this crop rotation,
wheat forecrops were oilseed rape and wheat (after oilseed rape — hereinafter
or-wheat).

B3: crop rotation over four years, included four different crops in sequence
field beans (Vicia faba) —winter wheat—winter oilseed rape—spring barley
(Hordeum vulgare) (FB-W-OR-SB). The proportion of winter wheat in this
crop rotation was 25% (hereinafter — “25% wheat”). Each year, three of the four
crops included in the rotation were studied, growing them in the rotational
sequence of plants.

The trial was started in autumn 2016 at the trial site, where 12 variants had
been arranged in four replications. The trial was arranged in two field blocks (see
Figure 2 for a stationary plan), each with 12 plots (24 in total), and each trial plot
was divided in half (I and I1) for four replications. The size of one plot in the
block was 0.25 ha (100 m x 25 m), when divided in half — 0.125 ha plots were
obtained.

Vegetation season: the trial was conducted for four seasons: C1 — 2016/2017,
C2-2017/2018, C3 —2018/2019 and C4 —2019/2020 vegetation seasons.

Agrotechnics in the trial

The pre-crops and the soil tillage system for the crops covered by the study
were applied according the trial scheme and rotation plan for 2016-2020 (see
Figure 2).

Winter wheat was sown at optimum term in 2016 (19 September), 2018
(6 September) and 2019 (10 September), but sowing time was delayed in
2017 (30 September) due to a high amount of precipitation which disturbed the
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soil treatment. Sowing rates used were 500 germinable seeds per m?, except in
2018/2019 (450 seeds per m?) because the sowing term was at the beginning of
September. Seeds were treated with fungicide. Bread baking quality varieties
were sown (‘Zentos’ harvested in 2017 and ‘Skagen’ in the other years).
Complex fertiliser was spread before sowing (N 25 kg ha?, P,Os 65 kg ha?, K,0
40-65 kg ha). Nitrogen top-dressing rates in spring were 172 kg ha™ in 2017,
and 155 kg ha in 2018, 2019 and 2020 using ammonium nitrate split in two
portions (first at GS 23-29, second at GS 31-32, according to BBCH). Foliar
fertilisers were also used. Herbicide was used each spring (GS 31). Two plant
growth regulators were used in each trial year before GS 31 and at GS 37.
Fungicide treatment was carried out each year at heading (GS 51-55). The
necessity for insecticide treatment was only in summer 2018 (GS 55).

Oilseed rape were sown in all trial years, and grown on two of four crop
rotation variants: “67% wheat” in 2017, 2019 and 2020, and in rotation
“25% wheat” in 2017, 2018 and 2020. Basic fertilisation was performed before
sowing using complex fertiliser with a low nitrogen proportion
(N 18-23 kg ha'?, P,0s550-65 kg ha*, and K,O 60-70 kg ha*). The nitrogen rate
at top-dressing was used depending on yield potential (172 kg ha* in 2017; 152
kg hatin 2018 and 2019; 197 kg ha* and 48 kg ha™* of sulfur in 2020 (first at GS
23-29, second at GS 32-35)). The sowing rate was 80 germinable seeds m-,
using hybrid varieties at the following times: 28 August 2016 (‘Veritas CL’),
18 August 2017 (‘Visby’), 17 August 2018 (‘Visby’), and 19 August 2019
(‘KWS Hymalaya CL’). Crop protection consisted of weed control with
herbicides each year in autumn, and in addition herbicide was applied in spring
2017, 2019, and 2020 (GS 31-33). Plant growth regulator was used in autumn in
the first three trial years (GS 14-16). Insecticide was used every year at least
once, but in 2020 insecticide was used three times (during flowering, GS 60-69).
Foliar fertilisers with boron were used in 2017, 2019 and 2020.

Spring barley was sown in crop rotation “25% wheat” in three of the four
research years: 2017, 2018 and 2019. The sowing rate was 450 germinable seeds
per m2. The sowing term was in the third ten-day period of April. The variety
‘Tocada’ was used. The total nitrogen rate in 2017 was 99 kg ha, in 2018 it was
107 kg hat, and in 2019 it was 92 kg ha™. Basic fertilisation was performed
before sowing using complex fertiliser (N 38 kg ha*, P,Os 38 kg ha’, and K,O
38 kg hal). Top-dressing with nitrogen (N 54-67 kg ha*) was completed at the
tillering stage (GS 21-23). Weed control was achieved using herbicide once in
spring, fungicide was applied in two years (2017 and 2019) at GS 45-49 and
insecticide was applied in 2019 at the heading stage (GS 55).

Field beans were sown in crop rotation “25% wheat” in 2018, 2019 and 2020
with a rate of 45 germinable seeds per m2. The variety ‘Laura’ was used. Sowing
time was optimal in 2019 (6 April) and 2020 (30 March), but delayed in 2018
(24 April) because of soil moisture conditions in spring which did not allow
earlier sowing. Basic fertilisation was performed during sowing time using
monoammonium phosphate in 2018 (N 14 kg ha, P,0s 62 kg ha'*) and complex
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fertiliser was applied in 2019 and 2020 (N 30 kg ha*, P,0s 30 kg ha’l, K;O 30
kg ha*). For weed control, herbicides were used (three sprays in 2018 and 2019
because of the long field germination period, and two in 2020). Insects were
controlled once during the flowering stage (GS 61-65) each year.

Observations and analyses performed

Germination dynamics for winter wheat were listed in three of the four
years of the study: 2017, 2018, and 2019. The counting of germination dynamics
started from the onset of the first sprouts and continued every 2 to 3 days in the
first week until the number of sprouts was constant or tillering began. The
number of records during the study years varied due to differences in the rate and
evenness of sprouting over the years. The measurements was carried out using a
0.1 m? frame with three measurements per each replication. At first
measurement, randomly selected counting sites were accurately pegged and they
were constant throughout each year's counting period.

The germination dynamics depending on the two soil tillage systems has
been compared over the five measurements and the last field germination
measurement, calculating the increase within each period (%).

Winter wheat field germination (%) was calculated according to
formula (1), taking the data of germinated sprouts from the last counting.

The growth and development of the studied crops were recorded according
to the BBCH scale. For winter wheat, the length of the vegetation period was
determined, calculated in days from January 1 to 89 AE (fully ripe). The winter
hardiness and lodging resistance of winter wheat were determined on a
9-point scale (where: 9 — highest evaluation, 1 — lowest evaluation)®.

Determination of the yield components was made by sample sheaf
analysis. Sampling for winter wheat, spring barley, field beans and winter oilseed
rape was done at GS 89. Samples of winter wheat and spring barley were taken
from the area of 0.125 m? in three places in each plot. For winter oilseed rape
and field beans, the sample sheafs were gathered from an area of 0.5 m? in two
places in each plot. Yield components were determined for:

e winter wheat and spring barley: productive spikes m2; number of grain per
spike;

o winter oilseed rape: number of plants per 1 m?;

o field beans: the number of plants per 1 m?; the number of pods per plant,
pieces; the number of seeds per pod, pieces.

9 Regulations Regarding the Assessment of Value for the Cultivation and Use of Plant Variety.
Republic of Latvia Cabinet Regulation No. 518. [TiesSsaiste] [skatits 01.02.2023.]. Pieejams:
https://likumi.lv/ta/id/250577-augu-skirnes-saimniecisko-ipasibu-novertesanas-noteikumi.
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Weight of 1000 grains/seeds was determined according to the standard
method (LVS EN I1SO 520:2011) using seed counter Pfeuffer Contador and an
electronic balance.

Grain/seed vyields for winter wheat, spring barley, and field beans were
obtained by direct yield accounting (harvesting by combine) and recalculating at
100% purity and standard humidity (14%). The counting area of the harvested
field varied by year and averaged between 100 m? and 120 m2. For winter oilseed
rape, the yield was calculated using the indirect yield accounting method from
sample sheafs and recalculating average seed mass into t ha* at 100% purity and
8% moisture.

Straw yields were calculated from a sample sheaf analysed in combination
with the detected grain/seed yield (formula (2)).

Harvest index expressing the percentage of grain mass in total aboveground
biomass was calculated.

Grain and seed quality indicators were determinated at the LLU LF (now
LBTU LTPF) grain and seed study—scientific laboratory. The quality indicators
for the crops studied using near-infrared spectroscopy (NIRS) with analyzers
Infratec Analyzer 1241 (2017) and Infratec ™ NOVA (from 2018) are
summarised in Table 1.

Falling number (s) for winter wheat was determined by the Hagberg-Perten
method (1SO 3093: 2009). For field beans the volume weight was determined
according to the standard method LVS 273 using cylinders and scales. The
quality of the obtained grains and seeds was compared with the quality
requirements of Agricultural Services Cooperative Society “Latraps”
(hereinafter — “Latraps”). The protein and gluten content, volume weight, and
falling number evaluated for the relevance of winter wheat grains to one of the
quality groups (food or feed). A feed group was suitable for field beans. In the
case of spring barley, the volume weight was evaluated in the procurement, and
it was to be above 60 kg hL. The purchase of oilseed rape corresponded with a
base oil content of 40%.

Crop energy yields. The energy values (kJ kg) of crop seeds and post-
harvest residues included in the trial were determined at the Latvian State
Institute of Wood Chemistry using the standard method (EN 1SO 18125: 2017).
The energy value was determined for each variant’s average sample of four
replicates. Crop energy yields (kJ ha?, recalculated in GJ ha) were calculated
according to formula (3), separately calculating the energy yields from grain/seed
and crop post-harvest residues. To determine the total energy yield from 1 ha,
the sum of the energy yield of the primary production and of the post-harvest
residues were counted (kJ ha* or GJ ha't).

To compare the variations of crop rotation included in the trial, the average
energy Yyields from each crop per crop rotation were calculated separately (e.g.,
average energy yields from wheat in the crop rotation “100% wheat,” average
wheat energy yields in the crop rotation “67% wheat” and similarly in the crop
rotation “25% wheat”). The average energy yield was multiplied by the
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proportion of the crop in the rotation variant, and the proportional energy
distribution from each crop in the rotation were determined.

Soil Organic carbon (Corg) was determined by comparing it with the organic
matter content (%) in soil using the “Van Bemmelen factor" — conversion factor
1.724 (Minasny et al., 2020) (see formula (4)).

The soil’s organic matter content was determined in the State Plant Protection
Service agrochemical laboratory in 2010, 2017, and 2022 according to Procedure
No. 1 of the Ministry of Agriculture of the Republic of Latvia of 4 January, 2022.
Which is equivalent with the methods used in 2010 and 2017. Samples from three
different soil layers were submitted for analysis: 0—20 cm, 20-40 cm, and 40—
60 cm.

Soil analysis data for comparison of Cquyg content from 2010 onwards have
been obtained as part of an earlier project: VPP-5.3.1. (Nr. VP26) Sustainable
use of local agricultural resources for the development of nutritionally enhanced
foodstuffs" (FOOD) sub-project 3.1 “Sustainable use of soil as a key resource
for the extraction of safe and high-quality food and feed materials from the most
widely grown arable crop species”. The project implementation period was from
2010-2013.

For the calculation of the Corq stock (t ha?) in the soil at the depths of
0-20 cm, the calculated Corg content (%) and average soil bulk density (t m=)
were used. Soil bulk density data were taken from soil analyses carried out in
2017 (the resulting data are published in the Annex to the report of Ministry of
Agriculture subsidized Project 310 “Influence of minimal soil tillage on its
fertility maintenance, development and distribution of pests as well as crops’
yield and quality in resowings”). Corg at depths 0—20 cm was calculated using
formula (5).

The economic benefit of crop production, depending on the crop rotation
and the soil tillage system, has been assessed using gross coverage calculation.
Gross coverage has been calculated according to the methodology developed by
the Latvian Rural Advisory and Training Centre (hereinafter — LLKC). Gross
coverage was obtained by deducting variable costs for raw materials and
machinery operations from production sales revenue. For gross coverage
calculation, the RSF “Péterlauki” accounting documents for 2016, 2017, 2018,
2019, and 2020 were used in addition to the data compiled by the LLKC average
sales prices of plant protection and fertilizer materials in the country for 2016,
2017, 2018, 2019, and 2020. Machinery operations were calculated using the
average tractor service prices compiled by LLKC in the Zemgale region in 2016,
2017, 2018, 2019, and 2020. Data prepared by LLKC regarding gross coverage
on average grain/seed sales prices in Latvia during the harvest years were used
for agricultural production sales prices. Prices for winter wheat were used
according to the quality group obtained: grain of food or feed following the
procurement requirements of “Latraps” in 2022.

Each crop rotation’s average annual economic benefit, expressed as gross
coverage, has been calculated. The calculation is based on average gross
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coverage values for each crop per year, considering the crop's proportion in the
crop rotation (see formula (6)). Crop rotation average annual economic benefit
has been calculated separately for conventional and reduced soil tillage.

For data mathematical processing dispersion, correlation, and regression
analysis were used. The significance of the difference in results has been assessed
at level of 95% using the least significant difference value (RSo.05) or Bonferroni
test. Softwares MS Excel and RStudio were used.

Characterization of meteorological conditions

Meteorological conditions at the trial site were recorded using the stationary,
automatic weather station Davis Wireless Vantage Pro2 Plus UV & SOLAR,
located at the test site “Poki”. The meteorological data obtained during the trial
period have been compared seasonally and with the long-term observations (also
referred to as “norm”; the average data of the last 30 years) at Jelgava
Hydrometeorological station.

Season 2016/2017 was characterised by moderate air temperatures and
optimal precipitation in August, but reduced precipitation in the autumn months.
The winter was warmer than long-term observations. Spring and summer were
characterised by moderate temperatures, with optimum rainfall in spring and
early summer, heavy rains in July and low-to-moderate rainfall in August and
during harvest time.

In season 2017/2018, September and October were very rainy, with warm air
temperatures. February was the coldest of the winter months, but the average
temperature in December and January was higher than long-term average data.
April was rich with precipitation but very warm. In the following months until
the crop ripening time, there was a moisture deficit with increased air
temperatures. During the spring and summer period, there was low precipitation
throughout the growing season, which was only 64% of the norm in the spring
months and 33% of the norm in the summer months. Air temperature in the
growing period was increased.

Season 2018/2019 continued with a pronounced moisture deficit from
autumn 2018 until July in 2019. In July, a relatively large amount of precipitation
was observed which, however, was only slightly higher than the norm in July.
Air temperatures were moderate until January in 2019, after which temperatures
started to increase if compared with more than long-term observations. Extreme
heat was observed in June, while the other summer months had moderate
temperatures, although slightly warmer than normal.

Season 2019/2020 differed from the others, being warmer and with more
precipitation in the autumn months: 2.4 times higher than the long-term
observations. In the winter period, the average temperature per month did not fall
below 0 °C. Temperatures were moderate in spring and summer, but June was
hotter if compared with long-term observations. The amount of precipitation
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from April to the middle of June was insufficient for crop production. In the last
days of June, an extreme amount of rain fell, which caused the lodging of winter
wheat.

The effects of meteorological conditions on plant growth and development
were assessed using a hydrothermal coefficient (HTC). This shows the ratio
between rainfall (multiplied by 10) and temperature sum (above 10 °C) in
analysed period. The moisture provision is optimal if the coefficient is 1-2 (>
two moist, < too dry).
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RESULTS

Winter wheat growth and development, yield and quality

Winter wheat was sown at optimum sowing time in 2016 (10 sept.) and 2019
(19.sept.). Late sowing time was in 2017 (30. sept.) when the sowing was delayed
by frequent rainfall in August and September. Meanwhile, in 2018, the sowing
term was early (06. sept.) due to the dry and hot summer when the forecrop was
harvested early and some rainfall occurred on September 5. Given the early
sowing date, the winter wheat sowing rate was reduced by 50 germinable seeds
per m? compared to previous years. After a prolonged summer drought that
unfortunately continued into September, and winter wheat sprouted unevenly in
autumn 2018.

The soil moisture content during winter wheat germination in 2017 was
sufficient to facilitate relatively rapid sprouting; the beginning of sprouting was
recorded on the 13" day after sowing. During the first measurement, number of
sprouted plants (p=0.06) was higher in the CT variant (56.3%) and field
germination was 46.2% in the RT variant. According to the last measurement, no
significant differences were found between field germination depending on the
soil tillage systems (p=0.66). Field germination was very high: CT 98.3% and
RT 96.4%. The effect of the crop rotation on field germination was not observed.
The fastest sprout number increase occurred between the first and second
accounting times (see Figure 3).

In September 2018, sprouting had been delayed due to drought and it was
uneven. The first crop measurement was carried out on the 21 day after the
sowing, when the first sprouts appeared in the RT variant, and the sprout count
was significantly different depending on the soil tillage options (p=0.0007) it was
higher in the RT variant. No significant effect (p=0.65) of crop rotation was
observed; however, a separate analysis of the impact of crop rotation in variant
RT showed that the highest sprout count at the last measurement was in repeated
wheat sowings (38.7% at first counting and 84.1% at last measurement), which
could be due to the sprouting of spilled grains in repeated wheat sowings. A
significantly (p=0.02) higher average sprout count in the RT variant was found
in the last counting (72.0%), compared to CT (52.5%). Analyzing the dynamics
of germination (see Fig. 3) in 2018, it should be concluded that despite a more
rapid increase in the number of germinated sprouts in the TA variant in five
accounting times, field germination in this variant was low.

Year 2019 was characterized by optimal weather conditions for winter wheat
sprouting. The beginning of the germination was marked on the 12 day after the
sowing. In the first sprout measurement higher sprout amount was found in the
RT variant than in the CT variant (p=0.06) (see Fig. 3). Significant differences
depending on the soil tillage variant were found in the last measurement. The
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overall field germination was very high — 98.9% CT and 96.4% RT. The effect
of crop rotation on field germination was not detected.

The fastest germination of wheat was observed in 2017 in the CT variant and
in 2019 in the RT variant, when, as early as the third measurement field
germination exceeded 90%. The effect of crop rotation on field germination was
not detected in any of the years.

Winter hardiness was high throughout the study period and rated with 9
points throughout the study periods.

The recovery time of vegetation in spring varied depending on the study year.
Vegetation recovered in spring 2019 and 2020 at 2" ten-day period of March,
2" ten-day period of April in 2017, and 1% ten-day period of April in 2018.

The length of the vegetation period in 2017 and 2020 was 214 and 215 days,
respectively. The shortest growing seasons were in 2018 and 2019 — 204 and 206
days, respectively. The shortest periods were characterized by elevated air
temperatures and reduced rainfall, contributing to faster plant development and
maturation.

Resistance to the lodging was high in three of the four seasons — rated with
9 points, except for summer 2020, when heavy rainfall at the end of June
contributed to winter wheat lodging. The average lodging resistance rating in this
season was 6.4 points. Lodging was not observed in the repeated wheat sowings
in tillage option RT (9.0 points). With an average rating of 7.0 points, the
“67% wheat” options for both soil tillage options and “25% wheat” for RT were
evaluated. Lodging resistance for crop rotation “25% wheat” in CT variant was
5.6 points. The lowest lodging resistance was observed in repeated wheat
sowings using CT — 2.5 points on average. Significant effects of the soil tillage
variant (p<0.001) on the lodging resistance of winter wheat had been identified:
CT averaged 5.1 points and RT — 7.7 points. The lodging resistance had a strong
positive relationship with the 1000 grain weight (r=0.686>r005=0.404, n=24), but
there was no close relationship with the thickness of the plants
r=|-0.434|>r.05=0.404, n=24).

Winter wheat grain yield in the study was significantly influenced by the
season (p<0.001) and the crop rotation variant (p<0.001). Still, yields were not
significantly different between the soil tillage variants (p=0.33) (see Table 2).

Significant interaction effect on wheat yield was found (soil tillage system x
crop rotation p<0.001; soil tillage system x year p<0.001; crop rotation x year
p=0.01). The highest yields were obtained in 2017, with the most appropriate
humidity and temperature conditions. The lowest average yield occurred in 2019.

The average winter wheat yield in crop rotation “100% wheat” was
5.39 t ha', which was significantly lower (p<0.001) than when grown in a crop
rotation of “67% wheat” (average— 6.40 t hal) or “25% wheat” (average —
6.77 t hal). Wheat yields were steadily higher when grown in a crop rotation
with other crops than in long-term wheat repeated sowings.

The positive effects of oilseed rape as a forecrop on winter wheat yields
persisted for at least two years (see fig. 4). The results confirm the positive impact
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of plant diversification on the production of winter wheat. Higher average yields
in repeated wheat sowings were obtained using CT (except for 2017), but using
RT in variants with oilseed rape or field beans as forecrops.

The average wheat straw yield during the study period, similarly to the grain
yield, did not differ significantly depending on the soil tillage systems (p=0.087);
however, the winter wheat straw yield was significantly higher in 2017 in RT.
Average straw yield in crop rotation “25% wheat” (8.66 t ha) was significantly
higher (p<0.001) than in the other two crop rotation options studied
(“67% wheat”: 6.49 tha; “25% wheat”: 7.21 tha). The highest straw yield was
obtained in 2017 (9.27 t ha') when the highest grain yields were also obtained.
The lowest straw yields occurred in 2018 (5.93 t hal) and 2019 (5.74 t ha'l).
Winter wheat straw vyields, depending on the studied forecrops, were
significantly higher when the forecrops were rapeseed or field beans (p<0.001)
(see. Fig. 5).

The winter wheat harvest index (HI) varied by study year (p<0.001) but did
not differ significantly depending on the crop rotation and soil tillage options
studied. The highest HI was in 2018 and 2019 (0.51 and 0.50, respectively),
characterized by lower yields and visual observation of short plant lengths, which
reduced straw mass and increased grain share in total biomass.

Forecrop had a significant impact (p=0.0007) on the HI. The highest HI was
observed in variants where the forecrop was wheat (“100% wheat” — 0.47 and
“67% wheat” — 0.50) and the lowest it was in variants where the forecrop was
field beans and oilseed rape (0.46 and 0.45). The results confirmed that higher
biomass yields resulted in higher winter wheat grain yields. The straw yield
correlated significantly negatively with the harvest index (r=I-0.826/>10,05=0.196,
n=96).

The values of the yield components of winter wheat (number of spikes, m?,
number of grains per spike, 1000 grain weight) varied significantly depending
on the forecrop in crop rotation and growing seasons. No effect of soil tillage
was found (Table 3).

The average number of spikes was significantly lower in 2019
(401.9 pieces m), which was affected by insufficient precipitation in summer
and autumn 2018 to ensure optimal humidity conditions in soil for plant
sprouting. The lowest number of spikes m? was observed on a crop rotation
where the winter wheat forecrop was wheat, growing it in a crop rotation of “67%
wheat” (Table 3). However, data for this variant was captured only in 2018 and
2019, which stood out because of extreme drought, thus also worsening the
overall average.

The number of grain per spike in winter wheat varied significantly depending
on the study years (p<0.001) and also depended on the forecrop in the crop
rotation (p=0.04) (see Table 3). The highest number of grains per spike was
observed in the crop rotation “67% wheat” with the forecrop wheat after oilseed
rape, and in the crop rotation “25% wheat”. The high number of grains in the
winter wheat spike after the oilseed rape may be due to the years of the lowest
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number of productive spikes m in this option (2018, 2019). A significant (p <
0.001) negative relationship between the number of spikes and the number of
grains in the spike was found (r=I-0.4801>r¢05=0.200; n=96).

The highest average 1000 grain weight was obtained in 2017 (46.1 g) and
2019 (45.2 g), which was significantly higher compared to the values in 2018
and 2020 (41.8 and 41.7 g, respectively) (Table 3). It was possible to obtain a
higher 1000 grain weight in 2017 because HTC in critical development stages
(from ear emergence to ripeness for harvesting) was within optimum limits,
while in 2019, a higher 1000 grain weight could be formed due to the reduced
number of spikes m (average 401.9 pieces m2). By contrast, in 2018, a low
1000 grain weight could have formed due to insufficient rainfall (in the period
from the beginning of the stem elongation to the ripeness, HTC was <0.5). The
low average 1000 grain weight in 2020 was influenced by wheat lodging, which
disrupted the complete filling of the grain. During the study period, the average
1000 grain weight was higher when growing wheat in a crop rotation of “25%
wheat” (45.2 g) but significantly lower in repeated wheat sowings (42.5 g). There
was a significant (p=0.0002) relationship between resistance to lodging and the
1000 grain weight in 2020.

Studied grain quality indicators were not affected by the soil tillage system
and crop rotation (protein, gluten, and starch content,%; Zeleny index, falling
number, s; volume weight, kg hL?); however, some of the quality indicators
assessed varied depending on the forecrop in the crop rotation and all indicators
varied significantly depending on the study season (see Table 4).

Protein content (%) varied significantly depending on the study season
(p<0.001), with an average highest content of 13.8% in 2019 and a lowest of
10.2% in 2018 (Table 4). Low protein content in the grain in 2018 (average
10.2%) was caused by heat and drought, resulting in plants not being able to
absorb nitrogen fertilizer, while in 2019, high protein content in the grain
(average 13.8%) can be explained by rainfall in July and the resulting lower
average grain yield throughout the study period.

The forecrop in crop rotation did not significantly influence the protein
content in the grain (p=0.394). Higher mean protein content was ensured by crop
rotation where wheat was not grown after oilseed rape, but there were nuances
between the results obtained during the study years. In 2019, the protein content
of winter wheat grain in the crop rotation “67% wheat” with a forecrop of winter
wheat provided the highest protein content of 14.1%, compared to repeated
wheat sowing (13.7%) and field beans (13.7%) as a forecrop. The interaction
effect of crop rotation x soil tillage system on the protein content in the grain was
observed in 2020.

The gluten content (%) of the grains varied significantly (p<0.001) depending
on the study season, and there was a tendency for variations depending on the
forecrop in crop rotation (see Table 4). Gluten and protein content had a
significant close relationship (r=0.995>r05=0.206, n=96). Significant
differences in gluten content existed between all study years, being 29.7% in
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2019, 22.8% in 2020, 20.9% in 2017, and 18.5% in 2018. The highest gluten
content was in the crop rotation “25% wheat”.

The mean values of the Zeleny index varied significantly depending on the
study years (p <0.001) and the forecrop in crop rotation (p = 0.04) (see Table 4).
Similar to the highest protein content, the highest value for the Zeleny index was
51.7 in 2019 and the lowest was 22.8 in 2018. Analysis on a case-by-case basis
shows that the values of the Zeleny index varied significantly depending on the
soil tillage variant in 2017 and 2020. The higher Zeleny index in the RT option
was in 2017 and the CT in 2020. When analyzing the effect of crop rotation on
the Zeleny index value of winter wheat grains, it should be concluded that the
results obtained during the study seasons were contradictory.

The mean volume weight (kg hL) over the study period was significantly
different depending on study seasons (p<0.001). Still, the impact of other studied
factors on the averages obtained during the trial period was insignificant (see
Table 4). The highest average volume weight of winter wheat grains was found
in 2017 (81.3 kg hL™), the lowest in 2020 (74.2 kg hL?), and there were
significant differences between all volume weights obtained during the trial
years. The crop rotation had significant impact on the grain volume weight for
each study year separately. In all years of the study except for 2017, the volume
weight obtained in the crop rotation “100% wheat” was the lowest, and in the
crop rotation “25% wheat” was the highest, as well as significantly higher than
that in the variant “100% wheat”.

Falling number (s) was high throughout the study period, with the average
falling number between study seasons ranging from 329 s to 346 s. Significant
differences were observed (p=0.018) depending on the years of the study. Still,
the difference was only 17 s, which is not considered agronomically important at
high falling number, all of which met food quality grain requirements. Analysing
each study year separately, no influence on the value of the falling number was
found for forecrops in the crop rotations. A higher average falling number for
winter wheat grains in 2020 was observed in CT (361 s) than in a RT system
(332 s) (p=0.08).

Starch content (%) significantly (p=0.019) varied depending on the forecrop
in the crop rotation. Changes in starch content in wheat grain may be due to
differences in protein content depending on the crop rotation, with a significant
negative relationship  between the protein and starch content
(r=1-0.806/>19,05=0.206, n=96). Average starch content values varied only 1.3%
depending on the forecrop (68.7%—70.0%).

The quality of winter wheat grains in 2017, 2018, and 2020 matched the feed
quality in most variants (see Table 5). Only in 2019 food quality grain was
obtained in all variants according to procurement requirements of “Latraps”.

Analysing each year, it was found that in 2017, food quality grain was
obtained in the variant “100% wheat, RA”, the limiting indicators being protein
and gluten content. In 2018, food quality grain was obtained only in the variant
“67% wheat, RT” after oilseed rape as a forecrop, the limiting indicator being
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gluten content; other variants produced feed quality grain. The highest quality
grain was obtained in 2019, compliance to the grain quality group being limited
by the volume weight indicator. The compliance to quality group of the 2020 was
limited by different quality indicators, but most variants required feed quality
group, except for the option “25% wheat, CT”.

Yield and quality of other studied crops

Winter oilseed rape yields varied significantly between 2017 and 2020
(p<0.001). Still, no differences were observed between yields in the soil tillage
systems studied (p=0.81) or crop rotations (p=0.278) in which oilseed rape was
grown during the study.

Differences in yields during study years may be explained by meteorological
conditions during study seasons. Still, as different varieties were grown in each
study year, there could also be significant differences in the ability of varieties to
produce under certain conditions. The highest oilseed rape yield was obtained in
2020 at 3.95 t ha™.

The oilseed rape harvest index was the lowest among all crops grown in crop
rotation, with an average of 0.3. The harvest index was similar depending on the
soil tillage systems applied but varied by study year. The harvest index could
also vary due to the different varieties used, although the characteristics of the
varieties did not find any of the varieties to have a dwarf gene.

The number of winter oilseed rape plants m during the study period varied
significantly depending on the soil tillage system (p=0.003) (see Table 6). The
number of plants m? in the trial period was significantly higher using CT
(41.6 plants m2) compared to RT (32.2 plants m). Other researched indicators
(1000 seed weight, volume weight, oil content) were not significantly affected
by the soil tillage variant or crop rotation, but were significantly influenced by
growing season.

Spring barley grain yield during the study was significantly influenced by
the trial season (p<0.001), and the slight tendency of the tillage system effect on
yield was also observed (p=0.07) (see Figure 6). The highest yields were obtained
in 2017 (6.41 t ha't), characterized by the most optimal humidity and temperature
conditions. The lowest average yield was acquired in 2018 (3.08 t ha'), when
rainfall was low during the early stages of the growth and development of barley,
and subsequently insufficient precipitation during the stem elongation and grain
filling affected yield amount. The spring barley HI was 0.43 on average during
the study period. The HI varied significantly between study seasons (p<0.002).
The highest HI was observed in 2017 at 0.46 and significantly lower in 2018 and
2019 (0.42 and 0.41, respectively).

The values of the yield components (productive spikes m, grain per spike,
1000 grain weight) and grain quality indicators (volume weight, protein and
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starch content) of spring barley varied significantly between the growing
seasons. Still, none of the indicators differed significantly depending on the soil
tillage systems, on average, over the whole period (see Table 7 and 8) or within
each year.

Field bean seed yield varied significantly between 2018 and 2020 depending
on the soil tillage system (p=0.01) and the study year (p<0.001) (see Figure 7).
The highest yields were obtained in 2019 and 2020 (3.43 and 3.29 t ha®,
respectively) but yields were significantly lower in 2018 (2.58 t hal), which has
already been described as extremely dry year. While HTC was insufficient in
2019, the temperature and rainfall distribution during flowering and pod filling
were more favourable than in 2018, producing higher yields. Field bean yield
was higher in the CT variant (3.17 t ha! on average) than in RT variant
(3.03 t hat on average) (p=0.01). The average difference in field bean yields,
depending on the soil tillage variant, was low in all study years: 230 kg ha * in
2018, 90 kg ha! in 2019, and 100 kg ha* in 2020. The higher difference between
the two tillage systems was in the dry year of 2018 when the lowest yields were
obtained.

The field bean HI averaged 0.49 and was mathematically not significantly
different at 95% confidence level between study seasons (p=0.079) and soil
tillage options (p=0.267). The highest harvest index (0.52) was observed in 2019,
suggesting that the weight of field bean seeds was slightly higher in 2019 than
that of straw.

The yield component values of the field bean (plants per 1 m?, pods per plant,
seeds per pod, 1000 seed weight) varied significantly between the growing
seasons, while the significant impact of the tillage system was observed only for
the 1000 seed weight (p=0.0004) (see Table 9).

During the study period, the highest average 1000 seed weight was obtained
in 2019 (546.1 g), significantly higher than in 2018 and 2020 (468.2 and 476.2 g,
respectively). The higher average 1000 seed weight occurred using RT.

A strong positive relationship has been established between the number of
pods per plant and the yield of field bean seeds (r=0.830 > ry05=0.404, n=24),
while a negative close relationship has been established for the number of plants
m2 with the number of pods per plant (r=I-0.852 > ro05s=0.404, n=24).

The protein content (%) in seeds on average was 32.3% during the trial period
and was stable regardless of the study season (p=0.233) and the soil tillage
system used (p=0.658). The mean volume weight was the highest in RT (756.4
g L ) and the lowest in CT (735.5 g L %). The highest average volume weight
in the reduced soil tillage system was provided by the volume weight difference
in 2018, when, under drought and heat conditions, plants were better supplied
with moisture and nutrients in option RT and produced a higher 1000 seed
weight. Between the years of the study, the significantly (p<0.001) highest mean
volume weight was observed in 2019 (773.3 g L), when the significantly higher
1000 seed weight (546.1 g) was also found.

65



Energy yields of plant biomass

The crops involved in crop rotations differed from each other, both in terms
of the mass of primary and by-products produced (t ha') and the chemical
composition of the biomass parts, which determine their different energetic
capacity or value (MJ kg™).

The highest energetic value among the crops included in the study and their
biomass parts was for winter oilseed rape seeds: on average 28.58 MJ kg; the
highest it was in 2019 (29.23 MJ kg1) and the lowest in 2020 (27.90 MJ kg™).
The oilseed rape energetic value and the seeds' oil content were closely correlated
(r=0.792>r0,05=0.292, n=44). The average energetic value of field bean seeds was
18.96 MJ kg?, but significant differences in the energetic value of bean seeds
depending on the trial year were found: the highest it was in 2020
(20.09 MJ kg!) and the lowest — in 2018 (17.84 MJ kg™). The energetic value of
grains of cereal species was, on average, for winter wheat 17.75 MJ kg and for
spring barley 17.46 MJ kg, which was lower than the energetic value of straw
of the same species (for winter wheat 18.37 MJ kg and for spring barley 17.83
MJ kgt). When comparing the energetic value of the post-harvest residues
between included plants, there were no big differences. The highest average
energetic value was observed for winter wheat straw and the lowest was for field
bean post-harvest residues (17.82 MJ kg™ on average). The effect of soil tillage
on the energetic value of crop seeds and post-harvest residues was not found
(p>0.05). A significant influence of the forecrop (p<0.001) was found on the
average energetic values of winter wheat grains and straw during the study
period. Winter wheat grown after field beans had the highest energetic value for
grain (18.01 MJ kg), while winter wheat straw grown after field beans had the
lowest energetic value (18.21 MJ kg) among the studied variants.

The crops included in the study differed from each other in the amount of
obtained average energy yield (GJ ha?) in each of the study seasons
(see Figure 8). Evaluating the average energy yields among crops (p<0.001), it
was found that the highest energy yield was obtained from winter wheat (average
energy vyield 212.43 GJ ha') and winter oilseed rape (on average
209.99 GJ hal); a significantly lower average energy yield was obtained from
spring barley (on average 167.42 GJ ha'!) and the lowest (significantly different
from barley energy yield level, p<0.001) was that from field beans
(101.13 GJ ha'h).

The obtained energy yield (GJ ha'!) was variable over the years depending on
the crop rotation and tillage system. No significant differences in energy yield
were found during the study period depending on soil tillage variant (p=0.553).
The average energy yield obtained over a four-year period in the CT variant was
188.9 GJ ha! and in RT variant was 193.9 GJ ha.

The average annual energy yield according to the results obtained in each plot
of the trial variant depended on crop sequence and the meteorological conditions
in particular years (see Figure 9). It was found that the lowest energy yield was
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obtained in the crop rotation “25% wheat” (crop sequence: oilseed rape—spring
barley—field beans—winter wheat), where spring crops, barley and field beans,
were grown in 2018 and 2019, respectively, which resulted in a low biomass
yield and in its turn, low energy yield. The average annual energy yield for crop
sequence OR-B-FB-W was 150.96 GJ ha'?, of which only 66.36 GJ ha' was the
energy obtained from primary production, and 84.60 GJ ha from post-harvest
residues. The highest average annual energy yield was obtained in the two crop
sequence variants included in the rotation “67% wheat” (W-W-OR-W
216.27 GJ ha''; OR-W-W-OR 213.23 GJ ha'Y).

The energy yield of the crops included in the crop rotations and its share in
the total energy obtained from full rotation was not always proportional to the
share of the crop in the rotation. In the three-year rotation “67% wheat”, the
average energy yield from the two-year winter wheat energy yields (average
457 GJ ha't) made up 68% of the total energy, while the energy yield from winter
oilseed rape was 32% (214 GJ ha), and oilseed rape occupied 33% of the
rotation length. Analysing the “25% wheat” rotation of four different crops, it
was concluded that the energy yield of winter wheat made up 35% of the total
energy gained from four-year rotation, despite the fact that the share of wheat in
the rotation makes up only 25%. However, it should be emphasised that the
energy accumulated in the biomass of winter wheat and its fore-crop (field bean)
together made up 49% of the total energy obtained in the crop rotation, and the
high winter wheat energy yield was obtained due to the influence of the forecrop
on the wheat biomass. The second largest proportion of the energy accumulated
in the crop rotation “25% wheat” was from winter oilseed rape (28%, on average
200 GJ ha*). On average, during the four-year research period, spring barley had
produced almost as big an energy yield proportion (23%) as its proportion in crop
rotation (25%). Its energy yield was 167 GJ ha’. In order to determine which
crop is the most beneficial in terms of energy yield, one cannot forget about the
effect of forecrops in the crop rotation.

Accumulation of soil organic carbon

Soil organic carbon content varied significantly between the years at all soil
depths studied (p<0.001). Still, no significant effect from crop rotation or soil
tillage system on Cqrg content was found depending on the options researched
(see Tab. 10, Fig. 10).

Soil Corg content in soil depth 0—20 cm increased during the study compared
to carbon content after trial placement (the trial was set up in 2008, and the Corg
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content was determined in 2010%%). A higher increase in Corg content at depths of
0-20 cm after seven years was observed in CT variant (+0.800%, RT +0.627%),
while 12 years later (2022), higher Cog content was observed in samples
collected in RT variant (CT +0.557%, RT +0.795%).

Decreases in Corg content have been observed as soil depth increases (see
Figure 10). The mean Corg content at depths of 0—20 cm over all three years when
samples were collected was 19.5% higher than at depths of 20-40 cm. The
increase in Corg content from 2017 to 2022 between the two soil depths was
higher in the RT variant (19.6%) than in the CT variant (13.7%). The difference
in Corg content between soil depths did not exceed 1% in either option.

Soil Cog content at depths of 20-40 cm increased by 64.7% between 2010
and 2022, to 1.586% compared with Corq content in soil in the 2010. When
comparing soil Corg content between soil tillage systems, a higher increase of Corg
after seven years (2017) was observed in the CT variant — by 0.887% — and in
the RT variant by 0.620% (average CT content — 1.850%, RT — 1.583%), while
in 2022, the difference of Corg content in the RT and CT variants was only 0.04%
(CT — 1.5++%, RT — 1.606%).

The average soil organic carbon content at 40-60 cm depth in the study
increased by 143.6% from 0.644% to 1.569% between 2010 and 2022. When
assessing Corg content according to the soil tillage system, a higher increase in
carbon content after seven and 12 years of the study was observed in the CT:
1.389% in 2017, 1.665% in 2022, RT: 1.027% in 2017, 1.473% in 2022.
Corg content growth was 86.0% between 2010 and 2017, while it was 30.9%
between 2017 and 2022.

During the twelve years of this study (2010-2022), no significant changes in
carbon stocks were found at a soil depth of 0—20 cm depending on the soil tillage
system used (p=0.066) or crop rotation (p=0.391) (see Figure 11). A significant
increase in the amount of Corg in the soil surface was observed when comparing
results by study years (p<0.001). Corg Stocks averaged 61.20 t ha? in 2017,
significantly different from the Corg Stocksset in 2010 (39.67 t ha'?).

Trends in soil Coy changes depending on soil depth could perhaps be
explained as an increase in the Corg content in the deepest layer (40-60 cm) in
2022 due to a decrease of Cqrg content in the mean depth (20-40 cm), when soil
particles with the attached Corqg may have been deposited in lower soil layers. The
biomass of post-harvest residues of plants left for microbiological processes in
2018 and 2019 was negligible, leaving less needed raw material for the Corg
increase in the soil layer 0—20 cm.

10 Data from project VPP-5.3.1. (Nr. VP26) Sustainable use of local agricultural resources for the
development of nutritionally enhanced foodstuffs" (FOOD) sub-project 3.1 “Sustainable use of soil
as a key resource for the extraction of safe and high-quality food and feed materials from the most
widely grown arable crop species”
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Economic assessment of crop rotation and soil
tillage systems combinations

The crop production systems’ expenses and revenues differed between the
included crops due to the market prices and yield level in each year. The average
purchase prices were variable between the years of the study according to the
market situation (see Table 11). The highest purchase price in all trial years was
for rapeseed (359 EUR t* on average) and the second highest purchase price was
for field bean seeds (217 EUR t* on average), followed by wheat grains that met
the requirements for food quality (167 EUR t* on average) or feed quality
(on average 151 EUR t?). The lowest purchase price was for barley grain (on
average, 144 EUR t). The largest price fluctuation between the years of the
study was for barley grain, which was around 47 EUR t! between the purchase
prices of 2017 and 2018. The highest revenues were gained from winter oilseed
rape in 2020, but in other years of the study, the highest revenues were generated
by winter wheat grains, while the lowest revenues were obtained from the
grains/seeds of spring crops (see Fig. 12).

The expenses depending on the compared crop production costs differed only
in the area “Technical operations costs” due to different tillage operations in
studied tillage systems (see Fig. 13). There were small differences in value
between tillage options due to the fact that the soil disc-harrowing used in the
reduced tillage variant was performed twice and was followed by soil treatment
with a cultivator, which was the same as in the conventional tillage variant after
ploughing. The need for double disc harrowing of the soil is explained by the
granulometric composition of the soil: silt, which is heavy with fine soil particles;
therefore, several soil tillage passes were necessary. If the disc harrowing was
performed only once, the cost difference between CT and RT variants would be
39.70 EUR ha' in 2017, 34.39 EUR ha in 2018, 41.43 EUR ha in 2019 and
37.08 EUR ha in 2020.

Due to minimal cost differences in tillage expenses, the average crop
production expenses by the outcome groups were calculated as the average value
for “Machinery operations’ costs”. The costs of technical operations made
proportionally the highest cost position for all included crops (see Fig. 14). For
crops with lower total average cultivation costs (barley and field beans compared
to winter wheat and rapeseed), the area “Machinery operations” accounted for a
larger share: 59.1% for spring barley and 53.8% for field beans.

The second largest area in the variable costs for cereals and oilseed rape was
“Fertilizers”. In the field bean cultivation technology, mineral fertilisation was
proportionally the smallest cost (8.8%). The smallest expenditure section for
winter wheat and winter oilseed rape cultivation technologies was for sowing
material. For spring barley, the smallest position was for “Plant protection
products”, because only herbicide was used annually, but the use of fungicide
and insecticide depended on the distribution of harmful organisms in the field in
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a specific season. Winter oilseed rape cultivation technology did not include
fungicide spraying in any of the years of the study, which reduced the share of
cost of plant protection products in total, as fungicide is often the most expensive
product for plant protection. Cultivation technology for field beans provided a
high seed material proportion in costs (18.9%) and a little lower expenditure
(17.9%) was on plant protection products.

The most profitable crop sequence in the four-year (2017-2020) study period
(see Fig. 15) was oilseed rape—-wheat—wheat—oilseed rape in the crop rotation
“67% wheat”. The gross coverage in four years amounted to 2189 EUR ha?t if
the RT system was used, and 1843 EUR ha™ in the CT system. The next most
profitable variant was in the crop rotation “25% wheat” with the crop sequence
barley—field beans—wheat-rapeseed in the CT system (1736 EUR ha™?).

In the studied four-year period, the least profitable crop sequence was oilseed
rape—spring barley—field beans—winter wheat in the crop rotation “25% wheat”
in the CT system, in which the four-year profit amounted to only to
819 EUR ha, which was 2.67 times less than the most economically valuable
option (OR-W-W-OR, RT). The most economically disadvantageous crop
rotation options were “100% wheat”, where the average gross profit between
both tillage systems in four years was 1024 EUR ha' and the rotation
“25% wheat” with the crop sequence winter oilseed rape—barley—field beans—
winter wheat — 904 EUR hal, due to the low spring crop yield in the dry 2018
and 2019 seasons.
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CONCLUSIONS

Although the growth and development of winter wheat did not depend on
the crop rotation studied during the autumn and summer vegetation periods,
the start and pace of winter wheat sprouting varied depending on the soil
tillage system studied. The advantages of different rainfall amount during
the years of the study were for one soil tillage system and the for the other.
Still, significant difference in field germination was observed only in the
extremely dry year of 2018, demonstrating the benefits of reduced soil
tillage for winter wheat germination. (Task 1, thesis 1)

Average winter wheat grain and straw vyields were equivalent in
conventional and reduced tillage systems, with significantly higher average
wheat vyields resulting from the crop rotations “67% wheat” and
“25% wheat” compared to wheat repeated sowing. Winter wheat yields,
grown after field beans and oilseed rape, were higher using reduced soil
tillage, but when grown in repeated wheat sowings wheat yields in three of
the four study years were higher using a variant of conventional soil tillage.
(Thesis 1)

The average values of winter wheat yield components were equivalent
depending on the soil tillage systems. Yield components were influenced by
the conditions of the study years and, in some cases, by the forecrop in the
crop rotation. The average 1000 grain weight varied significantly depending
on the forecrop in the crop rotation, and the highest was in the crop rotation
variant “25% wheat” where the winter wheat forecrop was field beans. The
number of spikes m2 and the number of grains in the spike were not
significantly different in any of the study years, depending on the forecrop
in the crop rotation options. (Thesis 1)

The average values of the winter wheat grain quality indicators (protein
content, gluten content, Zeleny index, falling number, volume weight) were
independent of the soil tillage system or crop rotation variant studied. The
effect of the winter wheat forecrop on gluten content and Zeleny index was
significant and higher when wheat was grown after field beans. Significant
differences over the study years have been observed for all quality
indicators, leading to the conclusion that the meteorological situation of the
specific years had the most significant impact on grain quality. (Thesis 1)
The yield of winter oilseed rape and spring barley in the trial was equivalent
in both soil tillage systems. At the same time, the average yield of field beans
was slightly but significantly higher in the conventional soil tillage system.
(Thesis 2)

The most energy productive crops included in crop rotation were winter
wheat (212.43 GJ ha') and winter oilseed rape (209.99 GJ ha). Energy
yields varied significantly depending on the crop rotation variants studied,
but differences depending on the soil tillage systems were not significant.
The highest energy yield (GJ ha!) of the crop rotation options reviewed was
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provided by the crop rotation “67% wheat”, while the crop rotation
“25% wheat” provided equivalent energy yield to for the “100% wheat”
rotation; low energy yield from the “25% wheat” rotation was linked to low
spring crops yields in the dry years of 2018 and 2019. Thus, the hypothesis
of obtaining higher energy yields by reducing the proportion of wheat in
crop rotation failed to be proven over four years. Hypothesis 1 partially
confirmed, that by reducing the proportion of wheat in crop rotation, the
amount of energy accumulated in crop rotation increases (Thesis 3)

The soil organic carbon content increased significantly over the twelve years
(2010-2022) at all soil depths studied (0-20 cm, 20-40 cm, 40-60 cm). Still,
during the study period, soil organic carbon content and stocks (0—20 cm)
were not significantly affected by the crop rotation or soil tillage system
studied. Soil organic carbon content depended on soil depth. (Thesis 4)
Crop rotation variants with two or more crops provided higher gross
coverage with two or more crops compared to long-term repeated wheat
sowings. During the study period, the most economically advantageous was
the crop rotation “67% wheat” using reduced soil tillage, followed by roation
“25% wheat” using both tillage options. The fluctuating raw material prices
and crop yields influenced the economic result. The hypothesis that growing
wheat in a diversified crop rotation is economically justified has been
partially proven. (Thesis 5)
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